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Abstract 
 

Motor Neurone Disease (MND) is a rare and terminal neurodegenerative disorder 

which causes muscle wasting throughout the body. Whilst intellect was 

traditionally held to be intact, the past 20 years have revealed that this is not 

accurate. A subgroup of MND patients show deficits on ‘executive’ tasks of 

frontal lobe function such as verbal fluency or set shifting. A minority also 

demonstrate behavioural changes such as apathy, disinhibition, personality 

change, and emotional lability. The main part of the thesis project sought to 

compare three clinical subgroups of MND patients: Sporadic Amyotrophic 

Lateral Sclerosis (ALS), Familial ALS, and Progressive Muscular Atrophy 

(PMA) on a battery of neuropsychological tests. It was hypothesised that as 

Familial ALS patients are more likely than Sporadic ALS patients to suffer from 

a co-morbid dementia that they would be more likely to experience cognitive 

change. By contrast, as PMA patients have only lower motor neurone changes it 

was hypothesised that their performance would be within the normal range. 

Findings are reported and discussion undertaken of the implications for 

differential areas of neuronal vulnerability in subgroups of the MND population. 

 

As part of a smaller project, a subset of Sporadic ALS patients also underwent 

11-C Flumazenil and WAY100635 Positron Emission Tomography in order to 

localise neuropsychological correlates of cerebral abnormalities in extra-motor 

regions. A second smaller project used a postal questionnaire to survey the 

prevalence of depressive and anxious symptomology amongst a 6 month 

consecutive sample of MND clinic patients in order to examine the assumption 

that people with MND are generally “stoical and positive”. In summary the 

current thesis contains a detailed examination of the profile of cognitive, 

behavioural and emotional change within MND.  
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1 Motor Neurone Disease (MND) 

1.1 Terminology 

Motor Neuron Disease (MND) is an umbrella term that refers to a number of fatal 

neurodegenerative disorders, of which Amyotrophic Lateral Sclerosis (ALS) is the most 

common. Whilst MND is the standard term used in the United Kingdom, in the United 

States and in Europe it is commonly referred to as ALS or Lou Gehrig’s Disease, after a 

well-known baseball player who contracted the disease in the 1930s. In this thesis ‘MND’ 

will refer to a group of progressive neurodegenerative diseases, differentially affecting the 

upper and lower motor neurons, whilst the term ‘ALS’ will refer only to the most common 

variant of MND, described below. 

1.2 Epidemiology 

MND is a rare disease with an incidence of 1-2/100,000 per year (Chancellor and Warlow 

1992; Traynor et al. 1999). Prevalence is around 5/100,000 persons for the adult population 

(Traynor et al. 1999; Traynor et al. 1999; Leigh and Ray-Chaudhuri 1994). Prevalence is 

uniform for much of the world with the exception of three regions in the Western Pacific: 

Guam, the Kii Peninsula, and the Auyu and Jakai people of Western New Guinea. In the 

1950’s and 60’s, the incidence rates were as high as 50-100 times greater than those in 

developed countries, although there has been a subsequent decrease as these regions have 

been introduced to Western culture (Chancellor and Warlow 1992). Currently the aetiology 

of the disease is unknown. Age is the most significant predictor of MND, with incidence 

rates rising to a peak between the ages of 60 and 75 followed by a sharp decline 

(Chancellor and Warlow 1992). Whilst a number of other risk factors have been suggested, 

including a history of playing football (soccer) (Al-Chalabi and Leigh 2005; Chio et al. 

2005b; Piazza et al. 2004), physical trauma, electric shock and exposure to pesticides 

(Brooks 2000), these associations are generally weak and inconsistent (Cruz et al. 1999). 
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1.3 Diagnosis 

Diagnosis is made on the basis of the Revised El Escorial Criteria (Brooks et al. 2000) (see 

Appendix 1), a consensus document by the World Federation of Neurology Research 

Committee on Motor Neuron Diseases. Diagnosis of ALS requires a combination of UMN 

and LMN signs in at least two regions with evidence of a progressive spread of symptoms. 

The majority of patients present with initial symptoms in the limbs, such as weakness, 

tripping, or having difficulty manipulating fine objects such as shirt buttons, whilst about 

25% present with bulbar symptoms such as voice changes (dysarthria), trouble eating 

(dysphagia), or drooling (siallorhea) (Mitsumoto 1997). Rarely, patients may present with 

respiratory weakness and shortness of breath. Patients are assessed by a neurologist who 

carries out a medical history and neurological examination. This involves testing power in 

all four limbs, examining reflexes to evoke hypo- or hyper-reflexia, evidence of 

fasciculations, putting limbs through passive motion to assess spastic catch, and stimulating 

the soles of the feet to check for Babinski’s sign (up going plantars). The criteria also 

require the absence of electrophysiological, neuroimaging, or pathological evidence 

implicating another disease process, most commonly Multi-focal Motor Neuropathy 

(Traynor et al. 2000)(see Section 1.6.1). The time between symptom onset and referral can 

be prolonged, and on average takes 22 months (Turner et al. 2002).  

 

Electrophysiological measures such as an electromyogram (EMG) can be used to confirm a 

diagnosis of ALS by demonstrating evidence of: 

• Fibrillation and fasciculation in lower and upper limbs or limbs and bulbar region 

• Reduction in number and increase in amplitude and duration of motor unit action 

potentials 

• Normal excitability and conduction velocity of sensory nerve fibres, even in 

affected areas (Leigh and Ray-Chaudhuri 1994) 
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1.4 Clinical Characteristics 
The principal pathology in MND is degeneration of the upper and/or lower motor neurons, 

shown in Figure 1.1. The upper motor neurons (UMNs) originate in the primary motor area 

of the brain, and travel down the corticospinal tract to the lower part of the brainstem where 

they cross over (decussate) to the contra-lateral side of the body and synapse with lower 

motor neurons (LMNs). LMNs travel down the spinal cord and innervate skeletal muscles 

throughout the body, allowing contraction and relaxation and promoting muscle growth 

through various trophic factors. Symptoms of UMN lesions include increased muscle tone 

and brisk reflexes whilst LMN symptoms include wasting, fasciculations, and decreased 

tone. LMN and UMN symptoms can occur independently or simultaneously in both upper 

and lower limbs, as well as the bulbar region (affecting the face, mouth, tongue and throat) 

and trunk. These symptoms cause muscle weakness and atrophy leading to decreased 

mobility and eventually paralysis. Symptoms can also include painful cramps, drooling, 

difficulty in speaking, eating, breathing, swallowing, and choking either due to build-up of 

saliva or on food.  

Figure 1.1: Upper & Lower Motor Neurons in the Body 
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The disease is usually fatal within 3-5 years of initial symptoms (Leigh and Ray-Chaudhuri 

1994; Chancellor and Warlow 1992), with death most commonly caused either by choking 

or respiratory failure due to weakness of expiratory muscles in the chest. Although non-

invasive mechanical respiratory assistance can help relieve symptoms of breathlessness and 

prolong life for a period, invasive intervention such as a tracheotomy is the only permanent 

option.  

 

Age at onset is an important predictor of prognosis. A recent study (Turner et al. 2003) 

showed that in the King’s College Hospital population, patients who survive for more than 

10 years tended to have an earlier onset of disease (mean age= 43 years) than the rest of the 

MND population (mean age= 57 years, mean survival time= 43 months), whereas those 

who survived for the shortest time were significantly older at onset of the disease (mean 

age= 62 years). Other important prognostic variables include site of onset (bulbar onset 

typically more rapidly fatal), El Escorial category at presentation and the delay between 

symptom onset and diagnosis (more “typical” early cases are more aggressive) (Mitsumoto 

1997; Turner et al. 2003). 

 

Clinically, the disease is divided into a number of subgroups, described below. However, 

overlap between these groups can sometimes occur, and there are some doubts as to 

whether they should really be considered as distinct entities (Swash et al. 1999). 

1.4.1 Amyotrophic Lateral Sclerosis (ALS) 

By far the most common form of MND is ALS, accounting for approximately 86% of 

MND cases (Norris et al. 1993). ALS involves degeneration of both the UMNs and LMNs 

in any region of the body. Onset is in the arms in about 35% of cases, in the legs in 40%, 

with the remainder experiencing a bulbar onset (Leigh and Ray-Chaudhuri 1994). Although 

initial onset in the limbs is more common, the progressive nature of the disease means that 

it will encompass all regions in later stages. Particularly debilitating are symptoms 

associated with the bulbar region, encompassing the face, tongue, lips, and throat as a result 

of Pseudobulbar Palsy (PBP). Symptoms here lead to a decline in ability to communicate 

(dysarthria) resulting in a total loss of vocal communication (anarthria) and dependence on 

communication aids. 
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Males tend to be affected more than females with a ratio of approximately 1.5:1 

(Chancellor and Warlow 1992; Kurtzke 1991; Lilienfeld et al. 1989), and mean survival 

time from symptom onset is  43 months (SD 34 months) (Turner et al. 2003). 

Approximately 10% of patients experience some sensory changes, such as numbness, and 

up to 50% experience pain as a prominent symptom (Leigh and Ray-Chaudhuri 1994). 

Between 19 and 49% of patients, most commonly those with a bulbar onset, experience 

emotional lability, a frequent and sudden loss of emotional control which has no clear 

association with the prevailing mood state (McCullagh et al. 1999).  

1.4.2 Progressive Muscular Atrophy (PMA) 

PMA is a form of MND that affects only the LMNs, accounting for approximately 5% of 

MND cases (Norris et al. 1993). Although approximately 10% of patients present only with 

LMN symptoms, half of these progress to develop UMN symptoms as well, leaving around 

5% with the PMA phenotype for the duration of the disease. Symptoms typically originate 

in the distal arm muscles with late bulbar and respiratory involvement (Norris 1992).  The 

male: female ratio is more pronounced in PMA (9:1 (Norris et al. 1993)) and the disorder is 

associated with a longer survival time (approximately 200 months). Although rare, there 

have been recorded cases of familial PMA, possibly with the inclusion of known genetic 

mutations such as superoxide dismutase 1(SOD1) (Cervenakova et al. 2000) (see Section 

1.6). The differential diagnosis from an LMN presentation of ALS is typically made on the 

basis of long survival and the lack of symptom progression to the UMNs.  

1.4.3 Primary Lateral Sclerosis (PLS) 

PLS is a form of MND that affects only (or predominantly) (Kuipers-Upmeijer et al. 2001; 

Le Forestier et al. 2001b) the UMNs, accounting for approximately 4% of MND cases 

(Norris et al. 1993). Like ALS it affects the limbs and/or bulbar region, presents in a similar 

age group, and causes a loss of mobility throughout the body via severe muscle spasticity. 

In many cases there may be emotional lability (Caselli et al. 1995; Le Forestier et al. 

2001a). In contrast to ALS, PLS has a longer duration, diagnosed in part by an insidious 

course of more than 3 years (Le Forestier et al. 2001a). There is rarely a family history of 

disease and no SOD1 abnormalities.  
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Symptoms do not include weight loss or muscular atrophy, and there may be sensory signs 

such as urinary urgency and/or dysuria (Le Forestier et al. 2001a). PLS may progress to 

become ALS at a later stage, although it remains unclear whether it represents a discrete 

syndrome or a variant of ALS (Swash et al. 1999).  

1.4.4 Familial ALS (FALS) 

Between 90 and 95% of MND cases are sporadic, meaning that there is no known genetic 

cause for the disease. The remaining 5-10% of cases are familial, indicating either a family 

history of the disease or a positive result in a DNA test screening for known genetic 

mutations. Clinically, FALS is virtually indistinguishable from the sporadic form of ALS, 

although as a group patients tend to be younger, there is an equal gender distribution, and 

onset is found more commonly in the legs than in other regions (Hand and Rouleau 2002; 

Mulder et al. 1986). Transmission may be autosomal dominant, autosomal recessive, or X-

linked dominant according to the population, but is most commonly autosomal dominant in 

the UK, USA, and Europe (Hand and Rouleau 2002; Siddique and Lalani 2002). The child 

of an autosomal dominant parent has a 50% chance of receiving the gene, which has a 

penetrance of 50% by age 46, and 90% by age 70 (Siddique and Lalani 2002). A subset of 

autosomal dominant families (approximately 20%) has a mutation on chromosome 21q21, 

a locus found to coincide with that of Superoxide Dismutase 1 (SOD1). SOD1 is an 

enzyme that detoxifies neuronal free radicals, mutations of which may lead to decreased 

efficiency and damage caused by oxidative stress, causing cell death (Siddique and Lalani 

2002). A small number of sporadic ALS patients have been found to have mutations in 

SOD1 although it is possible that this is due to misclassification of patients due to 

incomplete family history (Siddique and Lalani 2002), a major diagnostic obstacle in 

identifying this subgroup (Mulder et al. 1986). 
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1.5 Treatment 

1.5.1  Pharmacological Treatment 

An antiglutamate agent, Rilzuole (2-amino-6-(trifluoromethoxy)benzothiazole, RP 54274), 

is the only drug licensed in the UK to treat MND, and is prescribed to most patients at a 

dosage of 50mg twice daily. The first randomised double-blind placebo trial of the drug 

found increased survival at 12 month follow-up, particularly for patients with a bulbar onset 

(Bensimon et al. 1994). Towards the end of the study the improvement was less noticeable, 

suggesting the drug may help patients to stay in earlier phases of the disease for longer. The 

most recently available meta-analysis (including 3 double-blind randomised placebo 

controlled trials) from the Cochrane Library (Miller et al. 2002) suggests that the drug 

provides a 9% gain in the probability of surviving one year and adds approximately 2 

months to patient survival.  

 

Other pharmacological treatments are used to provide relief from specific symptoms of 

MND. Muscle relaxants such as Baclofen or Quinine Sulphate are often prescribed to give 

relief from painful cramps, particularly at night time when they may disturb sleep. Patients 

with bulbar symptoms who experience an excess of saliva in the mouth or drooling due to 

loss of swallowing reaction and an inability to maintain an upright posture may be 

prescribed agents such as atropine, glycopyrronium, or amitryptyline  (Leigh and Ray-

Chaudhuri 1994). Amitryptyline and other anti-depressants are prescribed to treat 

symptoms of depression and anxiety, and also symptoms of emotional lability such as 

pathological laughter or crying (Iannaccone and Ferini-Strambi 1996).  

1.5.2 Palliative Treatment 

1.5.2.1 Non-Invasive Positive Pressure Ventilation (NIPPV) 

As respiratory failure is the most common cause of death in MND (Lyall et al. 2001b), 

mechanical ventilation must be considered from the outset.  
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When respiratory symptoms progress to include breathlessness on exertion, excessive 

fatigue, disturbed sleep, morning headaches, and sleep apnoea, a clinical team may suggest 

the use of a NIPPV machine. The machine provides a burst of room air at a set pressure to 

help inflate the lungs and allow the patient to breathe more easily. Whilst NIPPV does not 

prevent decline of respiratory weakness it can alleviate symptoms and improve quality of 

life (Lyall et al. 2001a), particularly at night when the patient may find sleep particularly 

difficult. One small study (Newsom-Davis et al. 2001) has shown an improvement in 

cognitive performance in patients after 6 weeks of nocturnal NIPPV use compared to 

baseline, suggesting a role for hypoventilation in treating cognitive change (see Section 2). 

NIPPV is not a permanent solution, and the proceeding decline in respiratory function will 

inevitably require a tracheostomy to maintain pulmonary function if life is to be 

maintained. 

1.5.2.2 Tracheostomy Positive Pressure Ventilation (TPPV) 

Unlike NIPPV, a tracheostomy is invasive in that it requires a surgical procedure to insert a 

breathing tube into the throat below the vocal chords in order to directly oxygenate the 

lungs. Survival is significantly improved with patients surviving up to 10 or 20 years, 

barring adverse events such as bronchopneumonia or equipment failure (Hayashi and 

Oppenheimer 2003). The majority, however, lose most or all ability to communicate apart 

from residual eye movements and so are effectively ‘locked in’ to their bodies, totally 

dependant on healthcare providers for their continued survival. Cultural differences may 

have an impact on the uptake of invasive treatment options, with a recent study suggesting 

85% of patients and 95% of carers in the USA unwilling even to consider invasive 

ventilation (Trail et al. 2003) in contrast to the 20% of Japanese MND patients currently on 

TPPV. 

1.5.2.3 Gastrostomy 

As problems with swallowing (dysphagia) progress, many patients opt for percutaneous 

endoscopic gastrostomy (PEG) or ‘tube feeding’. A small incision is made in the stomach 

wall through which a plastic tube is inserted. This can be used to nourish the patient with 

feeds specially prepared by a dietician. Although there is no improvement in mortality 

during the first 6 months, survival is improved after this period due in part to an increase in 

body mass relative to patients without a PEG (Mazzini et al. 1995).  
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The proportion of patients choosing to have a PEG fitted may be as high as 50%, and tends 

to be chosen by patients with a proactive attitude towards fighting the disease (Albert et al. 

2001). More modern advances include the use of a Radiologically Inserted Gastrostomy 

(RIG), which increases the accuracy of tube placement over PEG, circumvents the need for 

endoscopy, and leads to an increased success rate and improved patient survival. As yet 

availability of RIG is unknown but it is likely to become the standard in the future 

(Thornton et al. 2002).  

1.6  MND-Mimic Disorders 

In reaching a diagnosis of MND, a number of other disorders must be excluded which share 

some similar characteristics but involve a different etiological process.  

1.6.1 Multifocal Motor Neuropathy (MMN) 

MMN closely mimics MND clinically in that it involves slowly progressive muscle wasting 

and weakness, most commonly in the upper limbs. A recent study showed it to be the most 

frequent cause of misdiagnosis in MND (Traynor et al. 2000). In contrast to MND, 

however, MMN is an immune-mediated disease causing demyelineation to the nodes of 

Ranvier and surface of motor neurons. It can be differentiated from MND by 

electromyography studies showing nerve conduction block, and by an improvement of 

symptoms in response to intravenous immunoglobulin (Swash and Desai 2000). 

1.6.2 Kennedy’s Disease 

Kennedy’s Disease is an X-linked genetic disorder affecting almost exclusively males with 

a prevalence of approximately 1 in 40,000 (Kennedy's Disease Association 2003). Onset is 

typically between the ages of 30 and 50, and is characterised by wasting of the upper limbs 

and a bulbar palsy with a past history of muscular cramps. Postural tremor of the upper 

limbs and sensory impairment in the lower limbs are strong clinical signs that differentiate 

the disease from MND, while DNA screening can be used to confirm a diagnosis (Swash 

and Desai 2000). 
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1.6.3 Monomelic Amyotrophy 

Most commonly reported in Japan and India, this disease has a preponderance to occur in 

young males (25-35) and involves weakness and wasting restricted to muscles within a 

narrow region. The disease does not usually show the same pattern of progression as ALS, 

however (Swash and Desai 2000), progressing for 1 or 2 years before reaching a plateau. 

Although no pharmacological treatment exists, the condition responds well to exercise of 

the affected muscles. 

1.7 Summary 

MND refers to a spectrum of rare and relentlessly progressive neurological diseases, for 

which there is currently no cure or effective treatment. This chapter detailed the physical 

and clinical characteristics with which most neurologists are familiar. However, the scope 

of the current thesis is on changes outside the known changes of motor function associated 

with the disease. Chapter 2 is a review of the literature concerning extra-motor change, and 

specifically the profile of cognitive, emotional, and cerebral change in MND. 
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2  Literature Review - Cognitive, Emotional and 

Cerebral Change in MND 

This chapter will provide a critical overview of the scientific literature supporting the 

hypothesis that neurodegenerative changes in MND are not confined to the motor system. 

Although ALS was traditionally thought to leave cognitive functions intact (Benson and 

Geschwind 1975; Charcot and Joffroy 1869), early researchers published evidence of 

psychological change in ALS as long ago as 1930. A number of patients from one study 

were described as being “mentally feeble” and suffering “explosive emotional reactions” 

(Ziegler 1930). The former may have referred to the cognitive dysfunction present in some 

patients (see Section 2.1) whilst the latter was most likely a manifestation of what we now 

refer to as ‘emotional lability’ (see Section 2.2.1). Early studies of this type were confined 

to subjective analysis, with no standardized assessment being undertaken and no control 

groups being studied. Nevertheless, we can conclude that clinicians have observed 

cognitive and behavioural change within the MND population for a long time. Postmortem 

studies on patients presenting with language problems, dementia, delusions, perseveration, 

“emotional (in)stability” and confusion found evidence of extra-motor neuronal loss and 

atrophy, notably in the frontal lobes (Weschler and Davison 1932). Since these early 

investigations, advances in technology have allowed researchers to confirm these findings 

in living patients using neuroimaging techniques (see Section 2.3), whilst 

neuropathological methods have allowed detailed characterisation of the pathological 

processes involved in the spinal cord, motor cortex, and extra-motor regions in ALS (see 

Section 2.4). As can be seen from recent publications, there is a growing emphasis placed 

on convergent research from the disciplines of neuropsychology, neuroimaging, and 

neuropathology in order to construct a thorough understanding of the pathology underlying 

extra-motor change in ALS. 
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2.1 Neuropsychology 

From the 1960’s onwards an increasing number of case studies were published where ALS 

appeared to be associated with presenile dementia (Hudson 1981; Staal and Bots 1969; 

Reed and Brody 1975) and pathological changes (Constantinidis and Tissot 1967). A 

significant proportion of these reports emanated from Japan (Mitsuyama and Takamiya 

1979; Yase et al. 1972; Yuasa and Mizushima 1976). At this stage it remained unclear 

whether this was simply coincidence or indicated a relationship between the two diseases. 

 

A seminal work was that of Hudson (Hudson 1981) who assessed the association between 

ALS and dementia in both the Sporadic and Familial forms of the disease. He highlighted 

the difficulties in identifying dementia and that it could easily be confused with dysarthria 

in bulbar patients or an emotional reaction to a life-limiting illness. In his review of all 

published cases between 1955 and 1980 he estimated that 15% of all Familial ALS patients 

suffered from a comorbid dementia, as compared with an estimated 3-22% in Sporadic 

ALS patients, depending on the criteria used (Goldstein and Leigh 1999; Barson et al. 

2000). This co-occurrence of MND and dementia will be referred to hereafter as ‘MND-D’ 

and is characterised primarily by changes in behaviour and personality. 

2.1.1  MND-Dementia (MND-D) 

Behaviourally, MND-Dementia appears to be almost identical to FTD. Established 

diagnostic criteria (Miller et al. 2003; Neary et al. 1998; Snowden et al. 2001) describe 

characteristic changes such as: 

• Decline in social interpersonal conduct 

• Impairment in regulation of personal conduct 

• Loss of insight 

• Decline in personal hygiene 

• Mental rigidity and inflexibility 

• Gluttony 

• Perseverative, repetitive and stereotyped behaviour 

• Altered speech output, Echolalia 
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Once it was established that dementia could co-occur with ALS, a further issue was 

whether this should be interpreted as coincidence or as a separate disease entity (MND-D) 

on the basis of neuropathological findings (Mitsuyama and Takamiya 1979). Based on the 

neuropathological profile of a number of reported cases in Japan, Mitsuyama & Takiyama 

concluded that it was a distinct entity and not due to coincidence. MND-D has since been 

defined as the appearance of a progressive dementia with insidious onset in the presenile 

period, in combination with muscular wasting and fasciculations. Compared to FTD 

without symptoms of ALS, the prognosis is poorer by up to 4 years (Josephs et al. 2005), 

and the median survival time of patients with MND-D is shorter than that of ALS patients 

by approximately 1 year (Olney et al. 2004; Josephs et al. 2005). MND-D is often found in 

families with a history of any suspected form of dementia (Hudson 1981). However, 

despite the fact that MND-D appears to be more common in patients with FALS than 

SALS, no study has systematically compared the two groups (i.e. FALS and SALS) on a 

battery of neuropsychological measures. 

 

Neuropathological changes in MND-D typically consist of marked frontotemporal atrophy 

with inclusions present in the hippocampus (Horoupian et al. 1984; Vercelletto et al. 2003) 

with mild gliosis and spongiform changes (Neary et al. 1990). These changes are quite 

distinct from those found in Alzheimer’s Disease (AD), lacking the neurofibrillary tangles 

and senile plaques that characterize AD, and unlike the diffuse spongiform changes found 

in Variant Creutzfeldt-Jakob Disease (vCJD) (Montgomery and Erickson 1987). 

Montgomery and Erickson speculated that the behavioural changes associated with MND-

D might be related to the functioning of the prefrontal cortices (Montgomery and Erickson 

1987). Subsequent investigations have used neuropsychological measures to more precisely 

relate brain regions to functional abilities. An overview of the literature is presented in 

Table 2.1. As predicted from diagnostic criteria for FTD (Neary et al. 1998; Kramer et al. 

2003), patients with MND-D demonstrate cognitive deficits on tests commonly associated 

with function of the frontal lobes such as the Wisconsin Card Sort Test, Stroop test, and 

tests of Verbal Fluency, yet show little or no impairment on tasks of memory such as the 

Weschler Memory Scale or tasks of delayed recall. The use of language tests such as the 

Boston Naming Test also reveals the presence of aphasias in the MND-D group (see 

Section 2.1.5). It is worth noting that due to the very symptoms being investigated, 

neuropsychological investigation is difficult in this patient group.  
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Table 2.1: Evidence of neuropsychological deficits in patients with MND-Dementia 

Authors 

(Year) 

n Neuropsychological 

test performance showing 

impairment 

Neuropsychological test 

performance in the normal 

range 

Neary at al. 

(1990) 

 

 

4 

 

Letter and Category Verbal Fluency, 

BNT, WCST, WAIS, Interpretation 

of Proverbs, Paired Associate 

Learning, Weigl’s Block Task 

Money Road Map, Koh’s Block 

Figures, Warrington Memory 

Test, Delayed Verbal Recall 

 

 

Peavy et al. 

(1992) 

2 Letter Verbal Fluency, BNT, WAIS, 

Stroop, Mattis Dementia Rating 

Scale, Go-no-go 

Weschler Memory Scale, Parietal 

Lobe Battery, JLO, Cancellation 

Test 

Gentileschi 

et al. 

(1999) 

1 Category Verbal Fluency, BNT, 

Stroop, Milan Overall Dementia 

Assessment, MMSE, Weigl’s Sorting 

Test, Verbal Judgements, Silly 

Sentences, Verbal Forward Span, 

Paired Word Learning, Corsi’s Supra-

Span Spatial Learning, 

Autobiographical Memory 

Questionnaire, Semantic 

Questionnaire, Token Test, Digit 

Cancellation 

Raven’s Coloured Progressive 

Matrices, Arithmetic 

Judgements, Corsi’s Forward 

Spatial Span, Long Story Recall, 

Associative Matching Task, 

Overlapping Figures Test, 

Street’s Completion Test, JLO, 

Elithorn’s Perceptual Maze Test, 

Dual Task 

Vercelletto 

et al. 

(1999) 

5 MMSE, Letter and Category Verbal 

Fluency, WCST, Stroop, Aphasia 

Test 

Weschler Memory Scale, Rey 

Words 

Moretti et 

al. (2002) 

4 MMSE, Letter Verbal Fluency, 

WCST, Stroop, NPI, PASAT, 

Interpretation of Proverbs, Bilingual 

Aphasia Test – B 

Raven’s Standard Progressive 

Matrices, Similarities Subtest of 

WAIS-R, Digit Span, Story 

Retrieval, Past Events Retrieval, 

JLO, Koh’s Block 

BNT: Boston Naming Test, JLO: Judgement of Line Orientation, MMSE: Mini Mental 

State Examination, NPI: Neuro-Psychiatric Inventory, PASAT: Paced Auditory Serial 

Addition Task, WAIS: Weschler Adult Intelligence Scale, WCST: Wisconsin Card Sort 

Task 

 

Several examples from the literature illustrate the congruence of features in MND-D and 

FTD. Case reports have described MND-D patients as being shallow, disinhibited, 

impatient, gluttonous, using stereotyped gestures, echolalic, emotionally labile, and 

showing a lack of insight and empathy (Gentileschi et al. 1999; Moretti et al. 2002; 

Vercelletto et al. 1999).  
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Whilst behavioural and neuropsychological studies are able to assess the functioning of the 

frontal lobes indirectly, neuroimaging techniques have provided evidence to support a 

biological basis for cognitive change. A number of structural imaging studies using 

Computerised Tomography (CT) reveal considerable cerebral atrophy in fronto-temporal 

regions of the cortex (Mitsuyama and Takamiya 1979; Kato et al. 1993; Vercelletto et al. 

2003). Similarly, functional imaging techniques using Single Photon Emission Computed 

Tomography (SPECT) have revealed a pattern of reduced tracer uptake and reduced 

cerebral blood flow in the frontal lobes similar to that found in FTD (Neary et al. 1990; 

Portet et al. 2001; Talbot et al. 1995; Vercelletto et al. 2003). More recently, a voxel-based 

morphometry study using MRI found a loss of grey matter amongst MND-D patients in the 

motor/premotor cortices bilaterally, as well as the left middle frontal gyrus, left inferior 

frontal gyrus, bilateral superior frontal gyri, bilateral superior temporal gyri, and bilateral 

temporal poles (Chang et al. 2005b). This evidence supports the notion that MND-D may 

be regarded as similar if not overlapping with both ALS and FTD as demonstrated by 

neuropsychology, behavioural measures, and neuroimaging. It would appear that MND-D 

and FTD represent more severe forms of the same pathology compared to classical non-

demented ALS (Talbot et al. 1995) rather than a entirely novel disease process (Mitsuyama 

and Takamiya 1979).  

2.1.2 OFC Involvement in MND-D 

Snowden et al describe 3 possible subtypes of FTD based on behavioural symptoms and the 

distribution of neuropathological changes (Snowden et al. 2001). The apathetic subtype 

(FTD-A) is characterized by apathy and lack of initiative, associated with widespread 

atrophy of the frontal lobes including the dorsolateral prefrontal cortex (DLPFC). The 

disinhibited subtype (FTD-D) is characterized by distractibility, disinhibition, and repetitive 

behaviour with atrophy of the orbitofrontal cortex (OFC) and temporal pole. Finally, the 

rarer stereotypic-type FTD presents with stereotyped, ritualistic behaviour and is associated 

with pathology of the striatum and temporal neocortex. It has been suggested that within 

FTD, MND-Dementia patients appear to most closely resemble the disinhibited subtype on 

the basis of neuropathology and impaired performance on neuropsychological testing, 

suggesting impairment of the OFC (Neary et al. 2000). 
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2.1.3 Cognitive Change in ALS without Dementia 

Whilst it has been established that for a small proportion of patients with MND-D there are 

profound psychological changes, neuropsychological evidence from the past 15 years has 

also detected a milder form of cognitive change in patients with ‘typical’ forms of ALS. 

This appears not to be so severe as to be clinically diagnosed as MND-D, but may be 

revealed by comprehensive neuropsychological testing. The most consistently found 

cognitive deficits occurring in ALS are characterized by alterations of flexibility, fluency, 

and abstract thinking (see Section 2.1.3).  

 

These cognitive functions come under the umbrella term ‘executive function’ which refer to 

abilities involving the initiation, suppression, temporal organisation and planning of 

complex tasks. By contrast, evidence for a primary deficit of memory has been equivocal at 

best (see Section 2.1.5) and impaired performance on memory tasks may reflect executive 

problems on encoding. Whilst difficult to dissociate from dysarthria, language deficits have 

been recognised in a number of patients with ALS (see Section 2.1.6), particularly in a 

small subgroup that present with a rapidly progressive aphasia, often associated with bulbar 

symptoms and behavioural changes.  

 

By contrast, visuoperception is consistently found to be spared in ALS (see Section 2.1.7), 

suggesting specific rather than global deficits on cognitive tasks. Few quantitative studies 

have sought to investigate behavioural changes in patients with ALS (see Section 2.1.8). A 

frequently observed but under-investigated symptom in ALS is emotional lability (see 

Section 2.2.1), which may be the most obvious and dramatic sign of extra-motor change. 

There has also been little research into the levels of depression and anxiety in ALS (see 

Sections 2.2.2 & 2.2.3, and Chapter 5) although both the literature and anecdotal 

impressions suggest that these may be surprisingly rare. 

 

 

 

 



 34 

2.1.4 Executive Functioning 

2.1.4.1 Fluency 

One executive task that has been investigated frequently in ALS research is fluency, a 

measure of generativity, retrieval strategies, and short term memory (Abrahams et al. 

2000). Participants may be asked to generate words (written or orally) on the basis of letters 

or semantic categories, or to generate abstract designs. In letter fluency participants are 

asked either to say or write as many words as possible within certain constraints within a 

particular time limit (e.g. saying as many words as possible beginning with the letter ‘F’ in 

one minute or writing words beginning with the letter ‘S’ in five minutes). One of the first 

neuropsychological studies in ALS (Gallassi et al. 1989) used an oral version of the test and 

found that patients with ALS generated significantly fewer words than either PMA patients 

or controls.   

 

Other researchers have used a written version of the test and found that ALS patients had 

similar deficits in the number of words generated (Kew et al. 1993a). In order to exclude 

the possibility that this deficit was due to impaired motor speed in the patient group, Kew et 

al. looked for any relationship between motor speed as assessed by digit copying and 

performance on verbal fluency. There was found to be no correlation between these 

variables, which was taken as corroborative evidence that the deficit was independent of 

physical disability. However, as digit copying is not perfectly analogous to writing the 

words generated this remained an imperfect solution.  

 

The same research group later developed a modified procedure which took motor speed 

into account by introducing a copying condition to the test (Abrahams et al. 1996). 

Participants were asked to generate as many words as they could within a particular set of 

constraints, and after a rest were asked to copy out the words they had previously written. 

As the time given for word generation was fixed and the copying condition was timed, a 

‘Fluency Index’ (fi) could be calculated which provides an estimate of the average 

‘thinking time’ required to generate each word. A higher score reflects more time taken, on 

average, to generate each word.  
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 fi = (Time for generation condition) – (Time for copy condition) 

  

 Total number of items generated 

 

Both in the original investigation and in subsequent findings (Abrahams et al. 1996; 

Abrahams et al. 1997; Abrahams et al. 2000) there has been a consistent and striking deficit 

amongst ALS patients as compared to healthy controls (see Table 2.2). However, a recent 

longitudinal study found no deterioration in verbal fluency ability (despite an initial deficit) 

amongst 20 ALS patients over a 6-month interval, suggesting that progression of this 

deficit may be slow, if not static (Abrahams et al. 2005b).  

 

In one study comparing different versions of the test, ALS patients were found to be 

impaired on a written version, but not in an oral version which controlled for dysarthria 

(Abrahams et al. 2000). The authors suggested that previous studies  (Abe et al. 1997; 

Frank et al. 1997; Gallassi et al. 1989; Ludolph et al. 1992; Massman et al. 1996) using an 

oral version of the test may have exaggerated the severity of any impairment by failing to 

account for speech disabilities in ALS patients.  As shown in Table 2.2, orthographic 

fluency deficits are frequently reported findings in neuropsychological investigations of 

ALS. 

 

A number of neuroimaging studies have identified cerebral correlates of verbal fluency 

deficits in ALS, which tend to be localized to frontal areas of the left hemisphere (see 

Sections 2.3.2.2.1 & 2.3.2.2.2 for review of the literature, and Chapter 6 for novel findings 

using ligand PET). For example, a functional PET study (Abrahams et al. 1996) suggested 

that ALS patients with impaired letter fluency showed decreased regional blood flow, 

predominantly in the frontal lobes and especially within the dorsolateral prefrontal cortex 

(DLPFC), as compared to ALS patients who were not impaired on the letter fluency task. 
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Table 2.2: Letter Fluency deficits in ALS patients 

Author Groups (n) Test Result 

Gallassi et al. 

(1989) 

ALS (18) vs 

PMA (17) vs 

Controls (36) 

COWA ALS patients significantly impaired in no. of 

words produced relative to PMA and 

controls 

Ludolph et al. 

(1992) 

ALS (17) vs 

Controls (17) 

Thurstone’s 

Verbal Fluency 

ALS patients significantly impaired in no. of 

words produced relative to controls 

Kew et al. 

(1993) 

ALS (13) vs 

Controls (16) 

Thurstone’s 

Verbal Fluency 

ALS patients significantly impaired in no. of 

words produced relative to controls, not 

related to motor speed 

Talbot et al. 

(1995) 

ALS (19) vs 

Controls (10) 

COWA ALS patients not significantly poorer than 

controls  

Massman et al. 

(1996) 

ALS (146) vs 

Normative 

Data 

COWA 21% of patients scoring below 5
th

 %ile, 35% 

below 10
th

 %ile, similar proportions with and 

without dysarthria 

Frank et al. 

(1997) 

ALS (47) vs 

Controls (56) 

COWA ALS patients impaired in no. of words 

produced relative to controls 

Abrahams et al.  

(1997) 

ALS with 

Pseudobulbar 

Palsy (20) vs 

ALS without 

Pseudobulbar 

Palsy (23) vs 

Controls (28) 

Wvfi based on 

Thurstone’s 

Verbal Fluency 

ALS patients with Pseudobulbar Palsy 

significantly impaired compared to ALS 

patients without Pseudobulbar Palsy and 

healthy controls 

Strong et al. 

(1999) 

ALS (13) vs 

Controls (5)  

COWA & 

Thurstone’s 

Verbal Fluency 

ALS patients impaired in no. of words 

produced relative to controls 

Abrahams et al. 

(2000) 

ALS (22) vs 

Controls (25) 

Wvfi,  

Svfi based on 

COWA 

ALS patients impaired in no. of words 

produced relative to controls on written, but 

not spoken verbal fluency index 

 

 

 

Paulus et al. 

(2002) 

ALS (16) vs 

Controls (30) 

COWA ALS patients impaired in no. of words 

produced relative to controls 

Hanagasi et al. 

(2002) 

ALS (20) vs 

Controls (13) 

COWA ALS patients impaired in no. of words 

produced relative to controls 

Mantovan et al 

(2003) 

ALS (20) vs 

Controls (20) 

COWA ALS patients impaired in no. of words 

produced relative to controls 

Abrahams et al 

(2004) 

ALS (28) vs 

Controls (18) 

Wvfi ALS patients impaired in no. of words 

produced relative to controls 

Abrahams et al 

(2005) 

ALS (20) vs 

Controls (18) 

Wvfi ALS patients impaired in no. of words 

produced relative to controls  

COWA: Controlled Oral Word Association Test which requires participants to name words 

beginning with specific letters in one minute each. SVfi: Spoken Verbal Fluency Index, 

WVfi: Written Verbal Fluency Index 
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An alternative, though less widely used, version of the verbal fluency task requires the 

participant to generate words beginning to a particular category, such as animals or towns. 

Such tests are of semantic, rather than orthographic, fluency. Of two studies testing oral 

production of category words one found no impairment in ALS patients asked to produce 

the names of four-legged animals (Hartikainen et al. 1993). The other study (Abe et al. 

1997) found ALS patients to be impaired in production of words under the categories of 

‘animals’, ‘fruit’, and ‘vehicles’ but as these results were compiled with other scores to 

produce an a priori summary score of attention it is difficult to compare their findings with 

other studies. Finally, another study found impaired production of written animal naming in 

ALS patients and is described in more detail below (Abrahams et al. 2000). 

 

In addition to the evidence demonstrating impairments in ALS patients on tests of verbal 

fluency, two studies have found impairment in tests of non-verbal fluency. Such tests 

require participants to draw as many nonsense or meaningless drawings as they can within 

a set time limit (Jones-Gotman and Milner 1977). Ludolph et al found that ALS patients 

were significantly more likely to make perseverative errors or ‘rule breaks’ by making 

drawings that are associated with a specific meaning (e.g. a cross) (Ludolph et al. 1992). 

Abrahams et al  also used a ‘fixed’ condition where drawings had to be made up of four 

lines in four minutes (Abrahams et al. 2000). The use of a copy condition and production of 

a fluency index was used as described above to accommodate for physical impairment. No 

significant impairment was found amongst ALS patients in the time taken to generate 

meaningless designs, nor did they make more perseverative errors than controls. Like 

Ludolph et al, however, they found that ALS patients were significantly more likely to 

make rule breaks than matched controls. 

 

Abrahams used a number of related paradigms to examine the mechanisms underlying the 

fluency deficit in ALS (Abrahams et al. 2000). Twenty-two ALS patients were compared 

with 25 matched controls on tasks of written, oral and design fluency, as well as tests 

designed to assess the functioning of the phonological loop, verbal memory, and word 

retrieval systems.  
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All tasks controlled for the degree of physical impairment caused by the disease process. 

ALS patients were significantly slower in generating written words that were four letters 

long and started with the letter ‘c’, as well as naming different types of animals. However, 

they were not significantly slower in the generation of written words beginning with the 

letter ‘s’, nor on the generation of words from the  semantic categories of ‘colours’, ‘fruits’, 

or ‘towns’. No significant deficit was found on the oral version of the verbal fluency task. 

Evidence from other tests suggest the intact functioning of the phonological loop, simple 

word retrieval, and articulatory control processes, although there were some deficits found 

on tests of working memory. The authors conclude that deficits on tasks of fluency in ALS 

are not caused by low level impairments in the phonological loop or in linguistic abilities 

but by higher order dysfunction in executive systems such as the Supervisory Attention 

System (SAS) (Shallice 1988). The SAS is theorized to modulate non-routine cognitive 

selection as opposed to automatic processes and is thought to be involved in novel tasks, 

decision making, and overcoming temptation.  

2.1.4.2 Set Shifting 

Set shifting refers to the ability to conceptualise abstract categories and switch cognitive 

sets according to contingencies of reward and punishment (Berman et al. 1995). This ability 

is commonly assessed by use of the Wisconsin Card Sort Test (WCST), which involves 

matching a target card to one of four decks of cards on one of three dimensions (number, 

colour, or shape) (Grant and Berg 1948). When the participant successfully matches ten 

cards to the correct deck on the basis of one dimension (e.g. shape), the participant is 

required to shift to another dimension (e.g. colour). There are a number of outcome 

variables which can be recorded, such as the number of cards taken to reach the first 

dimension shift, the number of categories achieved, the number of perseverative errors, and 

the number of overall errors.  

 

Initial studies found the WCST to be sensitive to dorsolateral frontal lobe function, with 

frontal lesion patients achieving significantly fewer categories, exhibiting more 

perseverative responses and more overall errors relative both to healthy controls and 

patients with temporal or orbitofrontal lobe lesions (Milner 1963).  
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Functional neuroimaging studies amongst healthy participants also reveal activation of the 

temporal cortices, visual association cortices, and cerebellum during performance of the 

WCST, and particularly the DLPFC (Berman et al. 1995). In ALS, the WCST has been 

carried out in a number of neuropsychological studies, described in Table 2.3. Whilst the 

findings of these studies may be taken as evidence for a deficit in set shifting ability in at 

least a subgroup of ALS patients, it should be noted that set shifting also includes 

components of working memory, attention, and abstract reasoning.  

 

Most, but not all (Abrahams et al. 2005b), studies using the standard version of the WCST 

(Grant and Berg 1948) demonstrated that ALS patients show a deficit in set shifting ability, 

as measured by a higher number of perseverative errors and fewer categories achieved 

(Abrahams et al. 1997; David and Gillham 1986; Evdokimidis et al. 2002; Frank et al. 

1997; McCullagh et al. 1999), although one did not (Ludolph et al. 1992). 

 

Non-significant findings were reported in studies which used small sample sizes and 

modified versions of the WCST such as Nelson’s Modified Card Sort Task (Nelson 1976; 

Kew et al. 1993a; Kilani et al. 2004; Talbot et al. 1995; Shaunak et al. 1995). This version 

of the task does not specify the sequence of categories to be achieved for the first three 

category sets, only requires 6 consecutive correct responses before the category is changed, 

and does not include cards that could match multiple categories. Although suitable for 

patients with significant impairment such as dementia or the elderly, this version of the test 

does not appear to be sufficiently sensitive for use in ALS research. 
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Table 2.3: Set shifting deficits in ALS patients 

Author Groups (n) Test Result 

David & 

Gillham (1986) 

ALS (14) vs. 

Controls (9) 

WCST “Failed” defined as not achieving 6 

categories. ALS: 8/14 Failed 

Controls: 1/9 Failed 

Ludolph et al. 

(1992)  

ALS (13) vs 

Controls (13) 

WCST Errors and perseverative errors in 

each group, n.s. 

Kew et al. 

(1993) 

ALS (15) vs 

Controls (16) 

Nelson’s Modified 

Card Sort (NCST) 

Median categories and errors 

committed, n.s. 

Talbot et al. 

(1995) 

ALS (19) vs 

Controls (10) 

Nelson’s Modified 

Card Sort (NCST) 

Median categories achieved, 

approaching significance (p=0.056) 

 

Shaunak et al. 

(1995) 

ALS (17) vs 

Controls (11) 

Nelson’s Modified 

Card Sort (NCST) 

Categories achieved and errors 

committed, n.s. 

Abrahams et al. 

(1997) 

ALS w/PBP 

(23) vs ALS 

w/out PBP (27) 

vs Controls 

PAR Computerised 

WCST 

Categories achieved and errors 

committed, both ALS groups 

impaired compared to controls 

Frank et al. 

(1997)  

ALS (74) vs 

Controls (56) 

WCST Categories achieved and 

perseverative errors, ALS group 

impaired compared to controls 

McCullagh et 

al. (1999) 

ALS with EL 

(10) vs ALS 

without EL (8) 

vs Controls 

(10) 

PAR Computerised 

WCST 

Categories achieved and errors 

committed, ALS patients with EL 

worse than ALS patients without EL 

and controls. The group of ALS 

patients without EL not significantly 

worse than controls. 

Evdokimidis et 

al. (2002) 

ALS (51) vs 

Controls (28) 

WCST Categories achieved and errors 

committed, ALS group impaired 

compared to controls 

Kilani et al 

(2004) 

ALS (18) vs 

Controls (19) 

Nelson’s Modified 

Card Sort (NCST) 

ALS group not significantly 

impaired relative to controls at three 

time points 

Abrahams et al 

(2005) 

ALS (20) vs 

Controls (18) 

WCST Categories achieved and errors, n.s. 

n.s.: Non-Significant, PBP: PseudoBulbar Palsy, PAR: Psychological Assessment 

Resources EL: Emotional Lability 

 

2.1.4.3 Cognitive Inhibition & Attention 

In contrast with verbal fluency, which relies to an extent on task initiation, a number of 

studies have investigated the role of cognitive inhibition in ALS. One of the most widely 

used paradigms in this area is the ‘Stroop Effect’ (Stroop 1935), which involves reading out 

the names of colours written in coloured ink.  
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Where the word and ink colour are congruous (e.g. The word ‘red’ written in red ink), the 

time taken to identify the colour in which the word is printed is brief. However, when word 

and ink colour are incongruous (e.g. The word ‘blue’ written in red ink), identification time 

for the ink colour is increased significantly due to the cognitive interference produced by 

the difficulty of consciously over-riding an automatic task (reading out the word). Poor 

performance in tasks of this type is thought to be dependent on the integrity of the 

prefrontal cortex (Ravnkilde et al. 2002). Whilst deficits on the standard Stroop task have 

been found amongst ALS patients in some studies (Frank et al. 1997; Hanagasi et al. 2002), 

these findings have been refuted by others (Evdokimidis et al. 2002; Ludolph et al. 1992; 

Kew et al. 1993a). The heterogeneity of findings is likely due to the lack of consistency in 

the type of Stroop task used or the outcome measures reported. 

 

For example, whilst Abrahams et al found no significant impairment amongst ALS patients 

using a computerised version of the Stroop paradigm, they did find a strong trend towards 

impaired performance on a ‘negative priming’ subset of Stroop stimuli (Abrahams et al. 

1997). In this condition, a colour word is presented which is written in the coloured ink that 

had to be inhibited on the previous trial (e.g. Trial 1: The word ‘Blue’ written in red ink, 

Trial 2: The word ‘Green’ written in blue ink). Whilst this additional interference typically 

causes controls to show longer reaction times to the stimuli, ALS patients showed little 

additional interference, or even enhanced reaction times. This may indicate a weakened 

ability to inhibit the previously suppressed stimuli. 

 

Moving to tests designed to measure attention, one of the earliest studies of 

neuropsychological function in ALS reported a deficit in ALS patients on a test of visual 

attention called the ‘Barrage Test’. In this task participants must cross out 100 lines with a 

pencil in as short a time as possible. The initial study found that ALS patients took twice as 

long on average to complete the test as either healthy controls or patients with PMA 

(Gallassi et al. 1989). A deficit of this type  was also reported by Frank et al (Frank et al. 

1997) using the D2 test, a visual attention task which requires participants to draw a line 

through letters on a printed sheet if they are adjacent to a certain number of dashes  

(Brickenkamp and Zillmer 1998). They found that 75% of ALS patients made more 

mistakes on the task than healthy controls or the unimpaired remainder of the ALS patient 

group.  
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One of the largest (n=146) neuropsychological studies in recent years (Massman et al. 

1996) used a number of attention measures, including the Verbal Series Attention Test  

(VSAT) which requires participants to count backwards from 100 in threes, and recite 

sequences such as days of the week or the alphabet in various orders. Despite this large 

patient cohort having an above-average premorbid IQ as assessed by scores on the 

American National Adult Reading Test (ANART), their time to complete the VSAT only 

fell at the 38
th

 percentile according to normative data. So far, the evidence suggests that 

ALS patients take longer or make more mistakes on tasks of sustained visual attention, 

although it is worth bearing in mind that these timed tests rely heavily on motor function 

and do not account for physical impairment such as hand weakness or dysarthria. 

 

Other research has, however, attempted to identify specific mechanisms underlying 

attention whilst controlling for disability. One group used a computerised battery, the 

Cambridge Neuropsychological Test Automated Battery (CANTAB), which includes a 

number of non-verbal tests of attention (Chari et al. 1996). Fifty consecutive patients with 

ALS were compared to 23 neurological disease controls and 27 matched healthy controls 

on tasks of pattern recognition, matching-to-sample, conditional learning, circle 

discrimination, 5-choice reaction time, and visual search matching-to-sample. Whilst ALS 

patients showed longer reaction time latencies across most tasks, it was only on visual 

search matching to sample that group performance was significantly impaired. In this task, 

an abstract pattern is presented in the middle of the screen; after a brief delay between one 

and eight patterns are presented around the screen, only one of which matches the stimulus. 

The participant must then select one of the patterns which matches the initial stimulus by 

means of a touch-sensitive screen. When there were few distractors onscreen, ALS patients 

performed normally at matching to the stimulus. However, when there were eight patterns 

to choose from, ALS patients were significantly poorer at matching when compared to the 

combined healthy and neurological controls. Whilst controls had a score of 94% accuracy 

on this part of the task, ALS patients had only 86% accuracy. The authors interpret this 

graded effect as underlying a focal deficit of attention which emerges only under difficult 

test conditions.  
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A similar pattern was revealed through the use of a visual search task in combination with 

Event-Related Potentials (ERPs) (Munte et al. 1999). This study found slower reaction 

times (by approximately 150ms) and lower accuracy amongst ALS patients compared to 

healthy controls on a computerised visual search task. As in Chari et al’s study, the effect 

was amplified by the difficulty of the task, depending on whether the participant had to 

perform a relatively easy parallel search or a more difficult serial search. A significant 

group-by-task interaction replicated the finding that ALS patients were impaired in carrying 

out visual search tasks with a higher attentional load. Furthermore, analysis of the ERP data 

confirmed that these deficits are cognitive in nature rather than a consequence of physical 

impairment. In particular, the authors highlight the response of the P3 component, which is 

thought to be the brain’s generic response to target stimuli. Whilst the amplitude of the P3 

component was the same for ALS patients and healthy controls, in the easier parallel task 

the ALS patients had an onset latency approximately 120ms slower than controls. In the 

more difficult serial task, the P3 amplitude of ALS patients was minimal, suggesting that 

the inability to perform more complex tasks of visual search is cognitive in origin and 

suggesting that higher latencies may not be due entirely to disability. 

 

Another technique for investigating the function of attention and inhibition in ALS uses eye 

movements to respond to cognitive tasks. In contrast to most other skeletal muscles in the 

body, the muscles controlling eye movements are generally thought to be spared in ALS. 

Whilst gross movements appear intact on cursory examination, a number of studies have 

observed sub-clinical changes in oculomotor function, particularly as examined by the 

study of saccadic eye movements or ‘saccades’. 

 

Saccades are rapid, short, voluntary eye movements commonly observed during normal 

reading or turning of the head. They may also be incorporated into the design of a cognitive 

task by asking a participant to look directly at a visually presented target stimulus (reflexive 

saccade), away from the stimulus (antisaccade), towards the spot where an extinguished 

stimulus has been presented (remembered saccade) or to ignore the stimulus. An inability to 

suppress the reflexive saccade towards a visually presented stimulus is thought to reflect an 

impairment of the frontal and prefrontal cortices (Evdokimidis et al. 2002).  
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Shaunak et al compared 17 ALS patients with 11 age matched controls using eye-

movement recording and the reflexive saccade, antisaccade, and remembered saccade tasks 

(Shaunak et al. 1995). They found that ALS patients had significantly longer latencies on 

antisaccades and remembered saccades but not reflexive saccades. ALS patients also made 

more errors in these two paradigms, indicating difficulty suppressing the reflexive saccade. 

The authors note that errors were almost always followed by a saccade in the right 

direction, demonstrating that it was a failure to suppress the reflexive saccade rather than an 

inability to follow instructions that was responsible for the errors. They identify regions of 

the frontal lobes including the DLPFC as being responsible for a failure to suppress 

reflexive saccades, as is seen in other diseases such as Schizophrenia and Huntington’s 

disease. They also found that ALS patients had greater difficulty keeping their eyes focused 

and still on a single dot, with a significantly higher number of “square-wave jerks” than 

controls. A later study (Evdokimidis et al. 2002) supports Shaunak’s findings by 

identifying longer latencies to remembered saccades and a higher degree of errors in ALS 

patients. They also found that errors on the saccade tasks were correlated with performance 

on the Appel clinical score for speech and some neuropsychological test scores including 

categories achieved in the WCST and performance on the Stroop task. Again, the authors 

suggest that these findings reflect a further aspect of frontal lobe impairment in a subgroup 

of patients with ALS.  

 

In addition to oculomotor saccades, two recent studies (Paulus et al. 2002; Pekkonen et al. 

2004) have also demonstrated evidence for altered auditory processing in patients with 

ALS, as demonstrated by auditory evoked potentials. It remains to be established whether 

these subtle changes have any clinical or behavioural correlates or whether they reflect 

alterations in the fine musculature of the inner ear. 

2.1.5 Memory 

In comparison to the findings of impaired executive functioning in ALS, the evidence for 

impaired memory function in ALS is less consistent. In a review of the literature Neary 

(Neary et al. 2000) suggested that poor performance in memory tasks may be indicative of 

a failure to encode information rather than a failure in memory retrieval per se. This 

explanation implicates frontal, rather than temporal lobe involvement as being responsible, 

and may explain why memory loss is not a typical feature of ALS.  
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Other authors have suggested that patients with ALS are unable to ignore irrelevant 

information during encoding (Hartikainen et al. 1993) or are unable to  successfully use 

learning strategies (Hanagasi et al. 2002). The majority of neuropsychological studies 

examine memory for verbal and non-verbal material separately (e.g. (Frank et al. 1997)). 

Within these categories there are also methodological variations, such as immediate vs. 

delayed recall or free recall vs. recognition memory, which may be further complicated by 

variations in sample sizes and inclusion criteria for participants.  

2.1.5.1 Verbal Memory 

A number of smaller neuropsychological studies have reported normal functioning in ALS 

patients using one-trial learning and short-term verbal recall (Gallassi et al. 1989; Kilani et 

al. 2004; Ludolph et al. 1992; Strong et al. 1999). Other studies present conflicting 

evidence, citing deficits in ALS patients  (Massman et al. 1996; Hanagasi et al. 2002; 

Hartikainen et al. 1993). Recognition memory for words was also found to be normal  in 

ALS patients in some studies (Frank et al. 1997; Hartikainen et al. 1993; Massman et al. 

1996; Talbot et al. 1995), but impaired in others (Strong et al. 1999; Hanagasi et al. 2002; 

Talbot et al. 1995; Kew et al. 1993a; Abrahams et al. 2004a; Hartikainen et al. 1993; 

Abrahams et al. 1997). 

 

Most studies using delayed verbal recall have found no deficit in ALS patients (Gallassi et 

al. 1989; Paulus et al. 2002; Kilani et al. 2004; Hartikainen et al. 1993) with the exception 

of one (Hanagasi et al. 2002). Equally most studies show no impairment in paired associate 

learning (Abrahams et al. 1997; Kew et al. 1993a; Abrahams et al. 2004a; Abrahams et al. 

2005b), again with the exception of one smaller study (David and Gillham 1986). On a test 

of verbal span one study found a deficit (Abrahams et al. 2004a) whilst one did not (Paulus 

et al. 2002).  

2.1.5.2 Visual Memory 

A common measure of visual recall, Rey’s Complex Figure Test, has been used in several 

studies (Ludolph et al. 1992; Abe et al. 1997; Evdokimidis et al. 2002), but no deficits have 

been found in patients with ALS. Studies of visuospatial memory using the Corsi block test 

have also found unimpaired performance (Paulus et al. 2002; Gallassi et al. 1989).  
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Other measures of short-term visual recall have found impairment in some cases (Gallassi 

et al. 1989; Kew et al. 1993a), but not in others using measures such as the Recognition 

Memory Test (Warrington 1984; Abrahams et al. 1997; David and Gillham 1986; 

Abrahams et al. 2004a). The results of studies testing delayed visual recall have remained 

ambiguous, with a small and early study reporting a deficit on the Williams delayed recall 

task (David and Gillham 1986; Williams 1968) which was not replicated by a later group 

working with a larger sample (Evdokimidis et al. 2002).  

 

Studies that have examined visual recognition memory in patients with ALS have also 

remained inconsistent. Whilst a number of studies (Talbot et al. 1995; Abrahams et al. 

1997; Kew et al. 1993a) found no deficit in the face recognition component of the 

Warrington Recognition Memory Test, another did (Strong et al. 1999), although this study 

was composed of  a small sample and only found a relative deficit over a time period of a 

year. Similarly, whilst one study using pattern recognition (Chari et al. 1996) found no 

deficit, another study (Frank et al. 1997) using a large sample found a marked deficit in 

visual recognition memory as assessed by the Kimura test (Kimura.D 1963). 

2.1.5.3 Processes underlying memory in ALS 

Despite the conflicting findings on memory deficits in the literature, three recent studies 

have sought to identify processes underlying presumed memory deficits in ALS. Mantovan 

et al compared 20 ALS patients with 20 matched controls on a range of measures 

(Mantovan et al. 2003). A novel ‘Category cued recall’ task was used in which participants 

were tested in two sessions. In session one they were read six lists of 14 words, seven of 

which were animals and seven objects. After each list they were then asked to freely recall 

as many items as possible (free recall condition). The second session was two weeks later 

and during this part of the test participants were asked to repeat a similar test procedure to 

that described above. However, in three of the six lists they were cued to remember either 

animals or objects before being read the items (cued encoding), whilst in the remaining 

three lists they were asked to recall either animals or objects after being read the items 

(cued post-encoding).  
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As animals are semantically linked this typically causes facilitation for animals, but not the 

objects, which are unrelated. Serial positions of items recalled were recorded to identify 

primacy and recency effects in list encoding. The authors found that patients performed 

worse than controls on the free recall task for both animals and objects. As expected, the 

cued encoding condition facilitated memory for animals but not objects in both patients and 

controls. Finally, the cued post-encoding condition improved memory for animals in both 

patients and controls. However, a lack of the primacy effect was noted, with patients 

recalling significantly fewer items than controls from the first positions of the word lists. 

The authors interpret these results to mean that whilst the use of an encoding organizational 

structure in controls improves performance of recall across all positions of the word list, the 

relatively poor ability of ALS patients to recall items from the beginning of the list suggest 

an inability to optimise encoding strategy during the task. They also suggest that a failure 

amongst ALS patients to recognise their own difficulties (anosognosia) leaves them 

ignorant of the need to employ memory strategies more successfully. 

 

The second study to examine memory amongst ALS patients in detail used a delayed verbal 

recognition memory task in combination with ERP measurements (Munte et al. 1998). 

Eight ALS patients and eight matched controls were presented with 240 low frequency and 

240 high frequency nouns. These lists were divided into blocks of 60, some of which 

contained items which had previously been shown. In the first phase, participants were 

asked to press one button if the word was novel, or another if they recognised it from 

before. One hour later, in the second phase, participants were again shown blocks of words 

and asked to carry out a similar process. ERPs were compared for correctly classified 

repeated words and novel presentations for high and low frequency nouns. In test 

performance, ALS patients were no poorer than controls in correctly identifying repeated 

nouns in the first phase. In the second phase, they were significantly poorer on recognition 

of both high and low frequency items. In both test phases, ERPs revealed that controls had 

a more positive waveform for recognised words than for novel words; in ALS patients this 

effect was notably absent, more so in the low frequency items. The typical waveform 

related to stimulus encoding was also reduced in ALS patients; this is held to reflect a 

failure to generate a full memory representation on initial presentation of a word, leading to 

the later failure to recognise the word on repetition.  
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This adds further support to the hypothesis that it is a failure of encoding, rather than 

retrieval, that contributes to memory deficits in ALS. Methodologically, the authors suggest 

that negative findings from previous studies of memory in ALS result from a relatively 

short retention interval of only a few minutes compared to their delay of one hour. 

Finally, a recent study investigating memory for emotional words in patients with ALS 

(Papps et al. 2005) found that contrary to a healthy control group, ALS patients failed to 

demonstrate an enhanced pattern of recognition in their recall of emotional words over  

their recall of neutral words.  As with the studies described earlier, this may have been due 

to a failure in encoding. Alternatively, the authors suggest this may reflect emotional 

blunting as a result of damage to the amygdala or other structures, a theory supported by 

additional findings of altered reactivity to emotive stimuli (Lule et al. 2005). 

2.1.6 Language 

2.1.6.1 MND-Aphasia 

As described in Section 2.1.2, ALS can be associated with dementia, typically of a 

frontotemporal nature. A number of authors (Bak and Hodges 1997; Bak et al. 2001; 

Caselli et al. 1993; Doran et al. 1995) have also identified a subgroup of MND-D patients 

who present with a predominantly aphasic syndrome but go on to develop typical spinal 

and bulbar features of ALS. Initial symptoms may include slowing of speech or dysarthria, 

although detection of these language-specific deficits may be obscured by bulbar 

involvement in the tongue and throat. More specific symptoms of aphasia such as 

neologisms, echolalia, semantic paraphasias, or anomia, however, may indicate a cognitive 

rather than motor origin for changes in speech. Most studies indicate that aphasic-onset 

MND is rapidly progressive, with loss of speech within months and death typically 

following within two years (Bak and Hodges 1999; Bak et al. 2001). Reported cases also 

include a degree of frontotemporal change as indicated by behavioural disinhibition. 

2.1.6.2 Language functioning in ALS without dementia 

Given the unusual presentation of patients described in Section 2.1.5.1, some recent 

reviews have suggested that like executive functioning, language ability may exist on a 

continuum with MND-Aphasia at the most extreme end of impairment and milder changes 

in language occurring amongst non-demented sporadic ALS cases (Bak and Hodges 2001).  
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The most direct testing of this hypothesis was carried out by Rakowicz & Hodges 

(Rakowicz and Hodges 1998) who carried out an extensive battery of neuropsychological 

tests on 18 patients with ALS. They found ALS patients to be impaired on confrontation 

naming as assessed by the Graded Naming Test (McKenna and Warrington 1983) and on 

syntactic comprehension as assessed by the Test for the Reception of Grammar (Bishop 

1989). The authors identify subgroups of patients presenting with a purely aphasic 

syndrome as well as a mixed aphasia-dementia syndrome, although they hypothesized that 

the former condition may develop into the latter.  

 

A number of other neuropsychological studies have also found deficits amongst non-

demented ALS patients in tasks of confrontation naming (Hanagasi et al. 2002; Kilani et al. 

2004; Massman et al. 1996; Abrahams et al. 2004a; Mantovan et al. 2003; Cobble 1998), 

although one did not (Abrahams et al. 2000). In addition to poorer performance during such 

tasks, there has also been evidence of paraphasias (Strong et al. 1999), decreased phrase 

length  (Ringholz et al. 2005) and deficits in phrase construction (Gallassi et al. 1989). 

Despite the relatively consistent evidence, it has only recently been suggested that ALS 

may affect language in the absence of dementia. Where language deficits are considered 

they are often described in relation to executive functions rather than as a pure aphasic 

syndrome. The added complication of bulbar features in ALS may make such dysfunction 

difficult to establish, but linguistic testing in combination with pathological examination 

may provide a valuable insight into this under-recognised association.  

2.1.7  Visuoperception 

Tests of visuoperception are often included in neuropsychological batteries used to assess 

ALS patients in order to demonstrate that any impairments found in other domains are 

specific rather than global. Previous studies have found normal visuoperceptual functioning 

in ALS patients as assessed by Benton’s Judgement of Line Orientation (Hanagasi et al. 

2002; Massman et al. 1996), Little Men and Money Road Map (Kew et al. 1993a), and 

subtests of the Visual Object and Space Perception Battery (Talbot et al. 1995).   
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2.1.8 Behavioural Changes 

In a review of cognitive change in ALS, Neary et al (Neary et al. 2000) state that the 

families of non-demented ALS patients anecdotally report alterations in their relative’s 

behaviour following the onset of symptoms. The authors also describe anecdotal reports of 

problems with initiative and compliance by therapists working with ALS patients. There 

have yet to be any systematic quantitative investigations of behavioural change in non-

demented ALS, and methodologically these will most likely rely on carer report.  

An added complication is that it may be difficult to distinguish behavioural changes with a 

pathological basis from reasonable reactions to a loss of independence or physical 

incapacity. Using the Neuro-Psychiatry Inventory (NPI), Strong et al (Strong et al. 1999) 

reported some patients as  showing symptoms of agitation, delusions, disinhibition, apathy, 

and irritability. In a poster presentation on cognitive impairment in seven patients with  

familial ALS, a patient group was described as scoring poorly on an unidentified ‘frontal 

behavioural scale’ (Portet et al. 2000). It is important that future studies address the role of 

subtle behavioural change in order to establish the relationship between impaired 

performance on neuropsychological batteries and the everyday experience of those affected 

by the disease. 

2.2  Emotional Change 

2.2.1 Emotional Lability 

As previously described, a number of early studies examining psychological change in ALS 

identified episodes of “explosive emotional reactions” (Ziegler 1930). Emotional Lability 

(EL), as this symptom is now known,  refers to the pathological occurrence of sudden or 

unexpected episodes of laughing or crying, and has been estimated to occur in 10-20% of 

patients with ALS (Newsom-Davis et al. 1999). Episodes may be unusual in that the 

emotion displayed may be dissociated from the patient’s subjective feelings, for example 

smiling when they are feeling frustration (Moore et al. 1997). The emotion may be difficult 

to suppress and stop, causing considerable embarrassment and distress for patients and their 

carers, particularly in social situations.  
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Whilst there is some evidence to suggest that lability may be related to depression in the 

case of crying  (Goldstein and Leigh 1999; Moore et al. 1997; Newsom-Davis et al. 1999), 

depression is unlikely to underlie pathological laughter or smiling. There is also some 

anecdotal evidence of pathological episodes of uncontrollable yawning amongst ALS 

patients who do not feel tired although this may also be related to respiratory weakness.  

 

EL is found to be more common in ALS patients with symptoms in the bulbar region, and 

is estimated to affect 27-49% of this subgroup (Moore et al. 1997). Whilst a relatively 

common feature in ALS, EL is by no means specific to the disease, also occurring 

following stroke, dementia, and in approximately 10% of patients with Multiple Sclerosis 

(MS) (Feinstein et al. 1997). Treatment generally consists of anti-depressant medication, 

particularly serotonin-specific reuptake inhibitors (SSRIs) such as fluvoxamine or 

citalopram, which have been found to be quite effective (Iannaccone and Ferini-Strambi 

1996), although no controlled study has been carried out in ALS.  

 

In terms of the mechanisms underlying EL, earlier reviews suggested the involvement of 

the brainstem, particularly given the dissociation from subjective feeling (Goldstein and 

Leigh 1999), but subsequent neuropsychological investigations have suggested a 

correlation between EL and impaired function of the prefrontal cortex as revealed by poor 

performance on the Wisconsin Card Sort Test (McCullagh et al. 1999). However, a possible 

confounding factor is that patients with bulbar symptoms are more likely to perform poorly 

on other neuropsychological tests thought to measure frontal lobe functioning such as 

verbal fluency, the Tower of Hanoi, and a random movement joystick test (Abrahams et al. 

1997). Evidence from other neurological conditions such as stroke and head injury has also 

implicated the frontal lobes as being responsible for changes in EL (Chow 2000; Morris et 

al. 1993). The recent development of a self and carer-rated report of EL specific to ALS, 

the Emotional Lability Questionnaire (ELQ) (Newsom-Davis et al. 1999) may enable future 

studies to look in detail at this symptom’s neuropsychological and neuroanatomical 

correlates.  
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The successful trial of a novel compound for the treatment of EL in ALS was recently 

reported (Brooks et al. 2004). ‘Neurodex’ is a combination of 30mg Dextromethorphan 

(found in cough medicine) and 30mg Quinidine. The former agent is a NMDA-glutamate 

receptor antagonist, whilst the latter agent slows the metabolism of dextromethorphan to 

allow higher plasma levels to circulate in the body (Marier et al. 2004). In a randomised, 

multicentre control trial the combination of these two agents was found to halve episodes of 

EL relative to either agent alone. Whilst the authors do not provide a thorough explanation 

for the drug’s effectiveness, they suggest that it may inhibit presynaptic release of 

glutamate or modulate dopamine release. Further studies using fMRI and pharmacological 

challenge might prove useful in determining the mechanisms underlying the drug’s utility, 

and from there a more thorough understanding of EL in other conditions might be detailed. 

The drug is also currently undergoing trials in stroke and MS.  

2.2.2 Depression  

Despite the fact that ALS represents a “series of catastrophic losses” (Moore et al. 1998) 

there remains an impression both in the clinical literature and in anecdotal reports that 

patients are unusually cheerful and stoical in the face of adversity. One patient typifying 

this attitude is quoted  as saying through his communication device “When my back is to 

the wall, my face is to life”, despite having lost the ability to speak, swallow, or walk 

(Rabkin et al. 2000). An early study suggested a particular personality type of ‘active 

mastery’ and the use of denial as a coping strategy amongst 10 ALS patients but found no 

evidence of depression through the use of personality questionnaires or clinical interview 

(Brown et al. 1970). Whilst a later and larger study failed to replicate these findings (Peters 

et al. 1978), Hunter et al (1993) suggested that Brown’s original study has continued to 

influence perceptions of patients with ALS. In 1984, an epidemiological study of mood 

disorders in neurological conditions by Schiffer and Babigian (1984) found that amongst 

124 ALS patients, only 6 (4.8%) had been referred to a psychiatrist, compared to 20% of 

patients with Multiple Sclerosis or Temporal Lobe Epilepsy. The authors also point out that 

of the six ALS patients in contact with a psychiatrist, five of them had initiated contact 

before the onset of their illness, suggesting ALS may not have been responsible for their 

psychiatric referral.  
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Whilst some earlier studies relied upon the psychodynamic model of depression and 

assessed mood in ALS through clinical psychiatric report, more recent studies have tried to 

estimate the prevalence of depression in the ALS population using self-report 

questionnaires based upon cognitive models of depression (Beck et al. 1961). Hogg et al 

(1994) found that, as a group, their sample of 52 ALS patients were mildly depressed and 

anxious as assessed by the Hospital Anxiety and Depression Scale (HAD) (Zigmond and 

Snaith 1983)(see also Section 5.1.3), and that low mood was associated with increasing 

levels of disability. Using standard cut-off scores, they found that 44% of their sample 

could be considered to be depressed. A study comparing  40 ALS patients with 92 MS 

patients found no ALS patients with severe depression (vs 5% in MS), 15 patients (37%) 

with mild depression (vs 25% in MS) and 8 patients (20%) with moderate depression (vs 

22% in MS) as assessed by the Beck Depression Inventory (BDI) (Tedman et al. 1997)(see 

also Section 6.1.3). Tedman et al also found that levels of depression were significantly 

associated with levels of pain experienced in the previous four weeks as assessed by two 

items from the SF36 health rating scale.  

 

A smaller study of 18 ALS patients using the BDI found no ALS patients with severe 

depression, 3 (18%) with mild depression and only 1(6%) with moderate depression 

(Moore et al. 1998). However, they note that the most frequently endorsed items on the 

BDI were physical, e.g. weight loss, fatigue, poor appetite, and poor sleep rather than 

characteristic cognitive features of clinical depression such as guilt, suggesting their 

suggested prevalence of depression is over-estimated. Whilst the authors state that their 

results were not unduly influenced by physical symptoms, this is based only on a 

correlation with the HAD, which is thought to be less reliant on such symptoms.  

 

A study of 27 ALS patients by Trail et al (2003) found only 1 patient (4%) with severe 

depression, and 5 patients (19%) using anti-depressant medication in the 14 days prior to 

assessment. Another study of 56 ALS patients, using both self-report questionnaires and 

structured clinical interviews, found only one patient (2%) with major depression, four  

(7%) with moderate depression, and two (4%) with minor depression (Rabkin et al. 2000). 

A larger study of 100 ALS patients in Oregon (Ganzini et al. 1998) considered 11% of 

patients to be clinically depressed.  
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It also assessed patients feelings about assisted suicide and found that those who would 

agree with the statement “Under some circumstances I would consider taking a prescription 

for a medicine whose sole purpose was to take my life” were no more likely to be 

depressed than those who did not agree. Furthermore, they found that patients willing to 

consider suicide were more educated than those who would not, were more likely to be 

male, and considered themselves to be less religious. By contrast, a recent study found that 

patients willing to consider hastening their death were significantly more likely to be 

depressed and had higher mean BDI scores (Albert et al. 2005). The issue of assessing 

depression with self-report measures such as the BDI which include items relating to 

suicide is made more complicated in ALS; given the hopelessness of their situation and 

recent media interest in assisted suicide for patients with ALS, suicidal ideations may 

reflect a logical and rational thought process rather than a self-destructive component of 

depressed mood.  

 

Another finding that runs contrary to expectations is that levels of depression in ALS are no 

higher in patients who have had the disease for a longer duration. So far, no study has 

found a significant correlation between depression and severity of physical symptoms 

(Ganzini et al. 1998; Goldstein et al. 2002; Lou et al. 2003b; Moore et al. 1998; Tedman et 

al. 1997; Trail et al. 2003; Rabkin et al. 2000; Rabkin et al. 2005). In a longitudinal study of 

80 ALS patients only 8% were depressed at all visits (Rabkin et al. 2005). Amongst a 

subset of this sample near the end of life (<6 months), only 16% of patients were 

considered depressed (Albert et al. 2005). Psychosocial factors that contribute to “Quality 

of Life” have been implicated as important in modulating mood. Those that worsen QOL 

and are associated with more symptoms of depression are pain (Tedman et al. 1997; Rabkin 

et al. 2000) and fatigue (Lou et al. 2003c), whilst those that improve QOL and are 

associated with fewer symptoms of depression are emotional support from a close person, 

and social support (Goldstein et al. 2002; Rabkin et al. 2000).  

2.2.3 Anxiety 

Whilst some measures such as the HAD incorporate subscales for both depression and 

anxiety, relatively little research has focused specifically on this area, despite the fact that 

elevated levels of anxiety might be expected in such a population due to their poor health.  
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So far, few studies have reported the estimated prevalence of anxiety in ALS, with one 

study identifying only 2 of 18 patients (11%) with elevated anxiety (Moore et al. 1997), 

another 5 of 19 patients (26%) (Goldstein et al. 1998), and a slightly larger study only 4 of 

31 ALS patients (13%) (Goldstein et al. 2002).  

 

In examining psychosocial correlates of anxiety, one study found a relationship between 

anxiety assessed by the HAD and physical symptoms related to speech and eating, 

including the social impact of these impairments (Hogg et al. 1994). They suggest that 

patients may become more anxious in social situations given their difficulties in 

communication and potential embarrassment caused by difficulties in eating. Another study 

also found correlations between anxiety as assessed by the HAD and SF36 measures of 

emotional functioning, mental health, fatigue, and pain (Tedman et al. 1997). They found 

elevated scores in females relative to males, and in married patients relative to those that 

were single, divorced, or widowed. The authors suggest this may be due to feelings of carer 

burden or loss of self esteem in relation to roles in the relationship.  

 

Given the relative dearth of research into depression in ALS, which may have more severe 

implications for quality of life, it is perhaps not surprising that anxiety is considered only as 

an afterthought in ALS. In terms of prevalence, clinically significant anxiety is thought to 

be low and associated with depression (Moore et al. 1998). This may also reflect a 

limitation of self-report questionnaires being a measure of general distress rather than an 

accurate clinical measure of mood state (Crawford et al. 2001; Watson et al. 1995).  

2.3 Neuroimaging Studies 

This section will establish that through a combination of neuropsychology (see also Section 

2.1) and both structural and functional neuroimaging, there is evidence for cognitive change 

of a frontotemporal nature in at least a subgroup of ALS patients. A number of studies have 

set out to investigate in more detail the nature of the relationship between cognitive 

functioning and changes revealed by neuroimaging, typically through the use of 

correlations between neuropsychological test scores and quantitative neuroimaging 

outcomes. 
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2.3.1 Structural Imaging 

2.3.1.1 Computerised Tomography (CT)  

Computerised Tomography (CT) scans rely on a rotating X-Ray source to provide 

clinicians and radiologists with images up to 100 times more detailed than a standard X-

Ray. In ALS they were typically used in research up until the 1990’s when Magnetic 

Resonance Imaging (MRI) scanners became more commonplace. In one of the first case 

studies of MND-Dementia in 1979, CT identified frontotemporal cerebral atrophy and 

enlarged ventricles (Mitsuyama and Takamiya 1979). Subsequently, an early 

neuropsychological investigation of ALS found that 8 of 14 patients displayed cortical 

atrophy on CT scan although this was neither quantified nor analysed by region (David and 

Gillham 1986). A later study using a larger sample size refuted this finding, however, and 

identified no significant differences between 28 ALS patients and 28 matched controls  

(Gallassi et al. 1989).  

 

More recently, serial CT was carried out on an annual basis to investigate 22 ALS patients 

and again found evidence of frontotemporal cerebral atrophy (Kato et al. 1993). Of note, 

the involvement of the precentral gyrus became more marked in a subset of patients who 

required ventilation during the course of the study, with further atrophy identified in the 

postcentral gyrus, anterior cingulate gyrus, and corpus callosum. It is unclear whether 

decreased respiratory function affected the brains of these patients or whether the higher 

degree of atrophy reflects a more advanced stage of disease. In addition, six ALS patients 

developed atrophy in the medial temporal and parahippocampal gyri. The distribution of 

cerebral atrophy appeared similar in patients with ALS and MND-D. Furthermore, three 

patients with prolonged survival times (between 10 and 22 years of disease) showed little or 

no cerebral atrophy despite a typical pattern of ALS involvement of the upper and lower 

motor neurones.  

2.3.1.2 Structural MRI 

In neuroimaging research, CT eventually became superceded by MRI, which provides 

quantified, higher resolution images of deep brain structures, and does not involve exposure 

to a radioactive source.  
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Apart from its applications in research, MRI is also used during the diagnostic process in 

ALS to exclude the differential diagnosis of MS or spinal cord damage (Kiernan and 

Hudson 1994; Basak et al. 2002). As MRI scanners become more widespread they 

represent an attractive option; they are non-invasive, produce quantifiable data, and can be 

repeated safely (Leigh et al. 2002). Unfortunately, they are not suitable for anyone with 

metal in their body (e.g. aneurysm clips, shrapnel), or people that are claustrophobic, and 

they are more costly than CT. An early study using structural MRI found abnormally high 

T-2 weighted signal in the frontal and anterior temporal lobes (Kato et al. 1993). 

Additionally, three of their patients had slightly increased signal intensity in the cerebral 

white matter anterior to the postcentral sulcus and five had increased signal in the 

corticospinal tract. A later, quantitative analysis compared the cortical and white matter 

surface area of the precentral gyri, anterior frontal cortex, and parietal lobes in 11 ALS 

patients, 8 PLS patients and 49 matched controls (Kiernan and Hudson 1994). They found 

that whilst ALS patients showed significant (~6%) reductions in frontal lobe white matter 

compared to controls there was no corresponding cortical atrophy in this region.  

 

More recently, an automated volumetric analysis was used to contrast grey and white 

matter densities in 16 ALS patients and 8 matched controls (Ellis et al. 2001). The authors 

found significantly decreased regions of grey matter in the superior frontal gyrus, medial 

frontal gyrus, and mid frontal gyrus amongst ALS patients, once more supporting the 

notion of extra-motor involvement in ALS. Furthermore, there was an increased amount of 

white matter found in the right inferior frontal gyrus amongst ALS patients. In analyzing 

the clinical features of their patients, there was a higher degree of  white matter loss in the 

corticospinal tract amongst patients with a  bulbar onset as opposed to a limb onset. 

Patients with a limb onset also had a lower degree of grey matter density in the right 

cingulate gyrus and medial frontal gyrus compared with bulbar-onset patients.  

 

Using the same MRI technique, grey and white matter densities were examined in ALS 

patients with and without cognitive impairment, compared to matched controls (Abrahams 

et al. 2004a). Whilst there was no significant reduction in grey matter densities, white 

matter losses were found amongst cognitively impaired ALS patients in the motor tracts, 

medial temporal lobe, anterior cingulate gyrus, and medial frontal lobes.  
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These changes included frontotemporal association fibres adjacent to the ventricles, as well 

as parts of the limbic system and connections between the temporal poles. ALS patients 

without cognitive impairment also showed a less widespread decrease in white matter 

density in the corpus callosum, posterior cingulum, posterior cingulate gyrus, and the 

association fibres of the precuneus. The authors suggest that extra-motor degeneration in 

ALS patients without cognitive impairment may precede cognitive change and adds support 

to the hypothesis of a continuum of impairment and extra-motor change in ALS.  

 

In a large MRI study of 72 consecutive ALS patients and 56 matched controls, Frank et al 

(1997) found marked neuropsychological deficits amongst the majority of the group 

(n=45), classified as cognitively impaired. By contrast, the unimpaired group consisted of 

only 15 patients. In addition to poorer performance on tasks associated with frontal lobe 

performance such as the D2 test, WCST, and verbal fluency, the impaired group had 

significantly enlarged ventricles relative to patients in the unimpaired group, an indicator of 

cerebral atrophy. Like most of the studies described above, no correlational analysis was 

undertaken between cerebral atrophy and neuropsychological test performance. As these 

patients represent a consecutive series it is possible that some participants from the ALS 

group may have had MND-D, although given the rarity of this association this is unlikely to 

account for the magnitude of the impairment found in the majority of their patients.  

 

2.3.2 Functional Imaging  

2.3.2.1 Single Photon Emission Computerised Tomography (SPECT) 

Unlike traditional CT or MRI, SPECT imaging produces an image of organ function within 

the body through the use of radionuclide-labeled tracers injected into the body. Whilst 

providing a different perspective from anatomical scans, the disadvantage in this technique 

is a relatively poor spatial and temporal resolution, little quantifiable output, and the added 

complication of generating and safely using a radioactive source within the body (Leigh et 

al. 2002).  
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In ALS, SPECT has been the methodology most frequently employed in examining patients 

with cognitive change, such as Neary et al’s study which identified reduced tracer uptake in 

the frontal lobes of four patients with MND-Dementia (Neary et al. 1990). Pathological 

examination on two of these patients revealed a corresponding degree of cortical atrophy, 

spongiform change, and gliosis in the frontal lobes (see Section 2.4). SPECT analysis of a 

cognitively heterogeneous group of ALS patients found a similar pattern of reduced frontal 

lobe uptake amongst a subgroup of four patients with MND-D (Abe et al. 1993). A 

subgroup of two ALS patients with ‘borderline dementia’ showed a similar, if less marked 

pattern of reduced uptake, whilst eight ALS had reduced uptake confined to the motor area. 

Finally, four PMA patients (with no clinical signs of UMN involvement) showed a normal 

pattern of tracer uptake.  

 

A number of subsequent studies have replicated these findings, establishing via SPECT that 

frontotemporal lobe involvement is widespread in ALS patients, particularly those with 

MND-Dementia or a predominance of UMN involvement (Abe et al. 1997; Neary et al. 

1990; Portet et al. 2001; Talbot et al. 1995; Vercelletto et al. 1999; Vercelletto et al. 2003; 

Mantovan et al. 2003). Three similar studies have used SPECT to compare neuroimaging 

outcomes and neuropsychological test scores amongst subgroups of ALS patients. In one 

study, reduced cerebral glucose uptake was found in frontal regions amongst ALS patients 

with cognitive impairment but not in those without (Abe et al. 1997). Another study 

subdivided 23 ALS patients into cognitively impaired and unimpaired groups, and found 

SPECT abnormalities of a frontal nature in 3 of 11 (27%) unimpaired patients and 7 of 9 

(78%) impaired patients (Portet et al. 2001). Finally, the most comprehensive investigation 

of cognitive function carried out SPECT imaging using 
99m

Tc-hexamethylpropylene and a 

neuropsychological test battery amongst 19 ALS patients, 8 MND-D patients, 29 FTD 

patients, and 10 controls (Talbot et al. 1995). Neuropsychologically, ALS patients 

performed significantly worse than controls on tasks associated with frontal lobe 

functioning, although only performance on a picture sequencing task reached significance. 

SPECT imaging found ALS patients to have a relative reduction of rCBF in bilateral 

anterior and medial orbitofrontal cortex, anterior and medial frontal cortex and anterior 

temporal lobes bilaterally(~20-25% reduction).  
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A more marked and widespread pattern of impairment was found in patients with MND-D  

throughout the same areas as ALS patients but also the posterior frontal (~25-30% 

reduction), parietal and occipital lobes bilaterally (20-25% reduction). Patients with FTD 

had an identical pattern of reduced rCBF as MND-D with greater reduction (>30%) 

throughout . Unfortunately, neuropsychological testing could not be carried out in the latter 

two groups of patients. Whilst a useful tool in initially identifying extra-motor change in 

ALS, SPECT does not easily lend itself to quantifiable correlational analysis. 

2.3.2.2 Positron Emission Tomography (PET) 

Like SPECT, PET relies on the detection of radiation emitted by a radiolabelled tracer 

(such as glucose) to construct an image of tracer uptake in the brain. However, it benefits 

from producing quantifiable data, is more sensitive to biological changes, and provides 

images of a resolution superior to those provided by SPECT (Leigh et al. 2002; Turner and 

Leigh 2000).  

 

The combined use of PET and MRI allows for image co-registration, so that detailed 

quantitative data on the function of biological systems with PET can be associated with 

specific regions by detailed structural images obtained from MRI (Turner and Leigh 2000). 

Broadly, there are two types of PET study. PET activation studies with tracers such as 

radiolabelled water identify changes in cerebral blood flow whilst performing a particular 

task. PET Ligand/Tracer studies use ligands that bind to specific receptors, (
11

C)-

Flumazenil for GABAA receptors for example, to evaluate in detail the structural and 

functional integrity of neural systems.  

2.3.2.2.1 Ligand PET 

An early study used the radiolabelled glucose ligand (
18

F)2-Fluoro-2-deoxy-D-glucose 

(FDG) to assess Regional Cerebral Metabolic Rates for Glucose (rCMRGlc) in 12 ALS 

patients and 11 age-matched controls (Dalakas et al. 1987). They found significantly 

reduced global rCMRGlc of around 21% amongst ALS patients, but not in patients with 

PMA, who showed around a 5% reduction. The former group also had specific regions of 

reduced rCMRGlc in the cortex and basal ganglia. A small number of patients had follow-

up scans 12 months after the initial scan.  
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Of these, three of four patients with UMN involvement showed further reduction of 

rCMRGlc associated with worsening progression of symptoms. By contrast, a PMA patient 

showed no significant change in rCMRGlc despite a worsening of symptoms that caused 

death 3 months after the second scan. In contrast to all of these findings, CT scans showed 

no evidence of significant atrophy. The inclusion of patients with PMA provides an 

interesting group for comparison (see Chapter 4), and a more detailed analysis of the 

differences between these patient groups was carried out by Kew et al (Kew et al. 1994b; 

Kew et al. 1994a)(see Section 2.3.2.2.2). Dalakas’ study provided early in vivo evidence of 

extra-motor change in patients with ALS, dissociated cerebral changes in ALS and PMA, 

and prompted further investigations using PET.  

 

A slightly larger study used PET with the FDG ligand amongst 18 ALS patients and 12 

controls (Ludolph et al. 1992). A subgroup of 14 patients also carried out a number of 

neuropsychological tests. A Region-Of-Interest (ROI) analysis found significantly 

decreased rCMRGlc in the frontal cortex and superior occipital cortex amongst ALS 

patients compared to controls. In contrast to the findings of Dalakas et al, Ludolph et al did 

not find an association between reduced rCMRGlc and disease severity as assessed by the 

Norris Score.  

 

More recently, further evidence of extra-motor involvement in ALS was provided by Lloyd 

et al who used the GABAA ligand (
11

C) Flumazenil with PET to study cerebral dysfunction 

(Lloyd et al. 2000). Unlike the studies of Ludolph and Dalakas, this study employed a 

ligand used in identifying regions of focal neuronal loss associated with, for example, 

epilepsy (Turner and Leigh 2000), rather than an indirect measure such as glucose uptake. 

Comparing 17 ALS patients with 17 age-matched controls, they found significant bilateral 

reductions in Flumazenil binding in the prefrontal cortex, parietal cortex, visual association 

cortex, and left motor/premotor cortices. Reductions were also in the left ventral and 

dorsolateral prefrontal cortex, Broca’s area, the right temporal cortex and right visual 

association cortex. In addition to adding further evidence of extra-motor involvement in 

ALS, the authors suggest that reduced Flumazenil binding may be associated with a loss of 

interneurones. Of note, they did not find reduced Flumazenil binding in the primary motor 

cortex, which suggests that dysfunction in this area is due to a different neuropathological 

process to that of extra-motor areas.  
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Flumazenil has also been used to show phenotypic variations in motor and extra-motor 

changes in different subgroups of ALS (Turner et al. 2005a)(see Chapter 6). As expected, 

24 Sporadic ALS patients showed decreased flumazenil binding relative to 24 matched 

controls in premotor regions, motor cortex, and posterior association areas. In addition to 

these groups, 10 patients with the slowly progressive D90A SOD1 mutation also underwent 

PET scanning with the same ligand. In contrast to the predominantly motor picture of 

neuronal loss, decreased flumazenil binding in this subgroup was restricted to the left 

fronto-temporal junction and medial anterior cingulate gyrus. Furthermore, two 

asymptomatic participants testing positive for the D90A SOD1 gene  mutation had a 

similar, but less marked, pattern of neuronal loss suggesting a preclinical syndrome.  

Flumazenil PET is discussed in more detail in Section 6.3. 

 

The same group investigated the use of two other ligands as potential surrogate markers for 

ALS. The ligand (
11

C)-PK11195 is a proposed marker of activated microglia and therefore 

a correlate of inflammatory neuropathological mechanisms. Ten ALS patients were 

compared with 14 age-matched controls and scanned with PET (Turner et al. 2004). 

Significantly increased binding, representative of activated microglia, was found amongst 

ALS patients in the motor cortex, pons, dorsolateral prefrontal cortex, and thalamus. In 

addition, there was a strong correlation between (
11

C)-PK11195 binding in the motor cortex 

and clinical extent of UMN involvement, but not with disease duration or score on the ALS 

Functional Rating Scale Revised (ALSFRS-R) (Cedarbaum et al. 1999). This study 

establishes microglia as playing a role in neuronal loss both in motor and extra-motor 

regions in ALS, and the authors suggest that future studies may be able to identify “at risk” 

individuals such as asymptomatic SOD1 mutation carriers.   

 

Finally, the ligand WAY100635, which binds to 5HT1A (‘Serotonin’) receptors was used to 

investigate receptor changes in 21 Sporadic ALS patients and 19 matched controls (Turner 

et al. 2005b)(see Section 6.4). This study found decreased uptake globally (~21%) and 

more specifically between 16-29% in frontotemporal regions, cingulate, and lateral 

precentral gyri, more so in patients positive for bulbar involvement.  
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In summary, ligand PET imaging studies have found extensive evidence of extra-motor 

cortical change in ALS, in terms of abnormal glucose utilization, changes in a proposed 

marker of neuronal loss, and an increased number of activated microglia in both motor and 

extra-motor regions. In particular, the degree of motor cortex involvement is thought to be 

associated with clinical signs of UMN damage such as spasticity, brisk reflexes, and 

increased tone. Future studies seeking to identify objective markers of UMN change such 

as Transcranial Magnetic Stimulation (TMS) might be useful in future applications of PET 

imaging.  

2.3.2.2.2 Activation / Functional PET 

A series of studies by Kew et al (Kew et al. 1993a; Kew et al. 1993b; Kew et al. 1994b; 

Kew et al. 1994a) used radiolabelled water to trace regional cerebral blood flow in ALS 

patients during the performance of a joystick movement task. In the first study (Kew et al. 

1993b),  12 ALS patients and 6 matched controls underwent PET scanning both at rest and 

whilst performing a joystick movement (motor) task requiring them to make either 

‘random’ joystick movements or predefined ‘stereotyped’ movements in one of four 

directions. During the stereotyped motor task, ALS patients had significantly increased 

rCBF in the contralateral regions of the ventral sensorimotor cortex (associated with the 

face and adjacent to the hand area), ventral premotor cortex, anterior insula and the 

ipsilateral anterior cingulate cortex. During the random motor task these areas also showed 

evidence of increased rCBF but to a more significant degree. The random motor task also 

produced decreased rCBF amongst ALS patients in the medial prefrontal cortex and left 

parahippocampal gyrus. A subsequent study also using radiolabelled water (Kew et al. 

1993a) found that ALS patients showed significant bilateral reduction of Regional Cerebral 

Blood Flow (rCBF) in the sensorimotor cortex, lateral premotor cortex, the anterior 

cingulate cortex, superior parietal lobe, inferior parietal lobe, paracentral lobule, left 

anterior insula and right dorsolateral prefrontal cortex. By contrast, the occipital and 

temporal lobes had no areas of reduced rCBF at rest. 
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The authors also found that increased activation in the face area of the sensorimotor cortex 

was positively associated with the degree of upper limb spasticity in the patient. As no 

facial muscle movement was recorded during scanning, and as facial movement would 

normally cause bilateral activation, the authors suggest that increased rCBF in this area may 

reflect compensatory recruitment of adjacent cortical neurones as an adaptation to 

corticospinal tract degeneration. A later study (Kew et al. 1994b) reported no differences in 

rCBF at rest between ALS patients and PMA patients, although PMA patients did show 

significantly greater activation in the contralateral anterior insula. The authors suggest that 

this dissociation between abnormal sensorimotor cortex function in ALS patients but only 

isolated changes in the anterior insula amongst PMA patients may indicate that changes in 

the latter area are associated as an adaptation to weakness rather than corticospinal tract 

degeneration. 

 

In the earliest PET study comparing neuropsychology findings with neuroimaging, Ludolph 

et al found that performance on a task of verbal fluency was significantly correlated with 

glucose metabolism across the entire cortex (Ludolph et al. 1992). As the most robust of 

neuropsychological findings (see Section 2.1.4.1), tests of verbal fluency have been used in 

subsequent scanning studies including several originating from the Institute of Psychiatry. 

Kew et al used radiolabelled water with PET to compare rCBF in two subgroups of ALS 

patients; 5 with impaired verbal fluency scores (ALSi), and 5 with unimpaired fluency 

scores (ALSu) during the performance of a motor task described above (Kew et al. 1993a). 

Across the whole cortex, ALSi patients showed significantly greater reduction in rCBF at 

rest than ALSu patients, particularly in the bilateral supplementary motor area, bilateral 

anterior cingulate cortex, and left paracentral lobule. During the activation task, ALSi 

patients showed significantly lower activation in the right parahippocampal gyrus, right 

anterior cingulate cortex, and bilateral anterior thalamic nuclear complex. In terms of 

specific test results, both verbal fluency and age scaled KOLT scores were found to be 

significantly correlated with activation in the right parahippocampal gyrus.  

 

Another study by the same group used the same scanning technique to measure rCBF in 

two groups of 6 ALS patients; ALSi and ALSu (as above) as assessed by performance on 

the written verbal fluency task, as well as 6 age-matched controls (Abrahams et al. 1996). 
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For this study a verbal fluency activation paradigm was used whereby participants had to 

generate words beginning with a given letter. This was compared with a condition in which 

they repeated words. Amongst control participants, performance of the verbal fluency 

generation task significantly increased rCBF across the bilateral prefrontal cortex, right 

lateral premotor cortex, dorsolateral prefrontal cortex and anterior cingulate gyrus. Relative 

to these controls, ALSi patients showed significantly reduced activation across extensive 

cortical regions, notably the dorsolateral prefrontal cortex, premotor cortex, insular cortex, 

and thalamus, despite matched performance during scanning as measured by the number of 

words produced. Thus far, PET studies have provided researchers with the highest level of 

anatomical detail for correlates of cognitive change. Future studies may apply similar 

paradigms in the context of functional MRI imaging which is less invasive and becoming a 

more widespread technology than PET (Leigh et al. 2002) 

2.3.2.3 Functional Magnetic Resonance Imaging (fMRI) 

fMRI can demonstrate which brain regions are activated by cognitive or motor tasks. This 

relies on the fact that brain areas being used for a specific task experience a ~1-10% 

increase in regional blood flow approximately 6 seconds after task initiation. The iron 

content in deoxygenated blood affects the T2* weighted signal in a consistent manner 

known as the Blood Oxygen Level Dependant (BOLD) effect and can be detected by more 

powerful (≥ 1.5 Tesla) MRI scanners. This information is then processed by computer to 

produce a map of millimeter level voxels (3-D pixels) of brain activation. Using a simple 

motor task, one group found fMRI evidence that in ALS the loss of neurones in the motor 

and premotor cortices leads to the recruitment of compensatory areas to allow motor 

function (Konrad et al. 2002). In contrast to the typical pattern of localized contralateral 

activation during motor tasks, fMRI revealed ALS patients had more activation in 

ipsilateral motor areas, in addition to more widespread activation of the contralateral motor 

areas. The authors discuss these findings in terms of a compensatory cortical reorganization 

response to neuronal loss in the motor system. Whilst the authors do not specifically 

address the issue of the implications for adjacent frontal lobe regions, it would be 

interesting to have obtained neuropsychological data on these participants to identify any 

correlations between cognitive dysfunction and the degree of compensatory neurone 

recruitment. 
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A recent fMRI study of word retrieval in ALS (Abrahams et al. 2004a) compared 28 ALS 

patients to 18 matched controls during performance of two tasks: verbal fluency and 

confrontation naming. Despite similar levels of task performance from both groups, the 

ALS group had significantly reduced activation relative to controls in extensive regions of 

the prefrontal cortex (including Broca’s area), anterior cingulate, temporal and parietal 

lobes during the verbal fluency task. A similar, though less extensive pattern was also 

observed during the confrontation naming task, with reduced activation in the inferior 

frontal gyrus and regions of the temporal, parietal and occipital lobes. This study suggests a 

broad pattern of extra-motor involvement in these tasks with altered cortical function in 

predominantly frontal regions and establishes the viability of fMRI as a useful technique in 

integrating neuroimaging and cognitive testing.  

2.4 Neuropathology 

2.4.1 ALS 

Whilst the diagnostic use of El Escorial Criteria (see Appendix 1) have been shown to 

correlate well with neuropathological features in ALS (Chaudhuri et al. 1995), diagnosis 

can only be absolutely certain on necroscopy. Hallmark pathological features in ALS 

include Bunina bodies (small granules in the anterior horn cells (Hirano 1996)), 

astrocytosis and hyaline inclusions throughout the spinal cord and brain stem, as well as a 

loss of Betz cells in the motor cortex (Ellison et al. 1998). A more specific feature is the 

presence of skein-like ubiquitin-immunoreactive intraneuronal inclusion bodies (UIBs) in 

the lower motor neurones (Leigh et al. 1991), found in both Sporadic and Familial ALS, 

and to a lesser extent, PMA (Ince et al. 1998).  

 

Another subtype of UIBS are Crescent Shaped Inclusions (SCIs), often found in the upper 

layers of the cortex and dentate gyrus in MND-Dementia (al Sarraj et al. 2002). UIBs are 

thought to result from the breakdown of abnormal proteins caused by oxidative stress, 

implicated in the pathogenesis of ALS (Alves-Rodrigues et al. 1998). They are also found 

in transgenic mice expressing the G93A SOD1 mutation, a model of Familial ALS (Ince et 

al. 1998). 
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2.4.2 MND-Dementia (MND-D) 

In addition to the typical signs of neuronal degeneration in ALS (see above), 

neuropathological changes in MND-D consist of cortical atrophy (including the frontal and 

temporal lobes (Nakano 2000), hippocampus and amygdala (Anderson et al. 1995; 

Wilhelmsen et al. 2004)), spongiform change in the neocortex (Wilson et al. 1996), and 

UIBs in the substantia nigra (al Sarraj et al. 2002). Furthermore, the presence of SCI-type 

UIBs in the neostriatum has been found to be a feature specific to MND-D, not occurring in 

a variety of other neurodegenerative disorders including Pick’s disease, Parkinson’s, and 

Alzheimer’s disease (Kawashima et al. 2001). Alzheimer’s disease may also be excluded 

by the absence of neurofibrillary tangles  (Horoupian et al. 1984).  Whilst there is evidence 

of some change in the substantia nigra in MND-D, neuronal loss is less pronounced than 

that found in Parkinson’s disease and occurs in the absence of other clinical signs of this 

disease such as resting tremor and bradykinesia (al Sarraj et al. 2002; Horoupian et al. 

1984).  

2.4.3 Extra-Motor involvement in ALS without dementia 

In parallel with the progression of research in neuropsychology and neuroimaging (see 

Sections 2.1 and 2.3), neuropathological studies have also identified extra-motor changes in 

ALS. As in neuroimaging, neuropathology studies demonstrate a relationship between the 

density and distribution of pathological changes and cognitive correlates observed in the 

living patient. Wilson et al compared 4 cognitively unimpaired ALS patients with 4 healthy 

controls and 4 cognitively impaired ALS patients as defined by poor performance on 

neuropsychological testing (Wilson et al. 2001).  

 

They found that whilst UIBS were found amongst all ALS patients in the dentate gyrus, 

frontal and parietal neocortices, anterior cingulate gyrus, and hippocampus, the density and 

distribution of these inclusions was higher in cognitively-impaired ALS patients than in the 

unimpaired group. In addition to these changes, cognitively impaired patients also had 

UIBs in the temporal, occipital and entorhinal cortices, posterior cingulate gyrus, caudate, 

and the putamen.  
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More pronounced contrasts were apparent comparing ALS patients with MND-D patients. 

In a larger study comparing 19 ALS patients with 5 MND-D patients (Kawashima et al. 

2001), the authors looked in detail at the SCI subgroup of UIBs and found that whilst these 

were distributed heterogeneously, if at all, amongst the dentate gyrus, parahippocampal 

gyrus, amygdala, neostriatum, and anterior horn cells in ALS patients, they were numerous 

and almost uniformly present in patients with MND-D. In particular, the number of SCIs in 

the second and third layers of the parahippocampal gyrus and amygdala was significantly 

higher in those with MND-D than ALS. 

 

Considering 13 cases of ALS, a recent study by Maekawa et al quantified extra-motor 

neuronal loss in regions of the prefrontal cortex, specifically the DLPFC and the anterior 

cingulate cortex, which had been implicated in neuropsychology and neuroimaging studies 

(Maekawa et al. 2004). Computerised morphometry revealed a 25% reduction in the 

pyramidal neuronal density in layer V of the pre-motor cortex, DLPFC, and anterior 

cingulate cortex (ACC) relative to 8 age-matched controls. This is particularly relevant in 

the context of findings from PET neuroimaging (described in Section 2.3.2.1)  which 

identified decreased binding of the GABAergic ligand (
11

C)-Flumazenil in the prefrontal 

cortex (Lloyd et al. 2000; Turner et al. 2005a) and increased microglial activation 

(implicated in mechanisms of neuronal cell death) in the DLPFC (Turner et al. 2004). It is 

hoped that the validation of these imaging techniques in identifying in vivo 

neuropathological changes in ALS may one day be used in the diagnosis of specific ALS 

phenotypes (Turner et al. 2002). 

2.4.4 MND Inclusion Body Dementia (MND-IBD) 

Whilst ALS has traditionally been thought to affect only the motor neurones whilst sparing 

the central nervous system, the identification of Motor Neurone Disease Inclusion Body 

Dementia (MND-IBD) (Jackson et al. 1996) provides the antithesis; patients with MND-

IBD initially display behavioural changes characteristic of FTD with language disturbances 

but do not display any signs of UMN or LMN involvement (Rossor et al. 2000). On 

neuropathological examination, ubiquitin-immunoreactive but tau-negative inclusions are 

found in the frontotemporal cortex, hippocampus, and dentate gyrus, identical to those 

described in non-motor areas in patients with MND-D, but not in the corticospinal tract or 

motor system (Jackson et al. 1996).  
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A recent study found that survival in MND-IBD was significantly longer (mean= 6 years) 

than MND-D patients (mean= 2.9 years). The MND-IBD group also had a positive family 

history of any neurodegenerative or psychiatric disorder in 73% of cases, suggesting a 

strong component of heritability. Patients with MND-D and MND-IBD differed from ALS 

patients by the presence of ubiquitinated cytoplasmic inclusions, dystrophic neurites, 

intranuclear inclusions in the dentate gyrus and/or superficial frontal cortex (Bigio et al. 

2004).  

2.4.5 The Continuum of Pathological Change in MND 

As has been hypothesized in the fields of neuropsychology (see Sections 2.1.2 and 2.1.6.2) 

and neuroimaging (see Section 2.3), a number of authors in the neuropathology literature 

have suggested that MND is best considered as a multisystem disorder with a number of 

phenotypes expressing differential involvement of motor and CNS systems (Iwanaga et al. 

1997; Maekawa et al. 2004; Wilson et al. 1996; Yoshida 2004; Ince et al. 2003).  

 

This hypothesis is supported by evidence that neuropathologically, MND cannot be 

subdivided into pure and distinct categories as identified by clinical signs and symptoms. 

Table 2.4 shows an overview of pathological change in the known subgroups of MND. For 

example, a loss of Betz cells in the motor cortex and myelin pallor was found in the 

corticospinal tract (both UMN signs) in two patients with long-duration PMA, thought 

previously to exclusively affect the LMNs (Iwanaga et al. 1997). In a review of cases 

including 12 PMA patients, 75% were found to have neuropathological or clinical evidence 

of UMN degeneration (Ince et al. 2003). Similarly, a number of reviews have pointed to 

LMN changes in PLS invalidating the notion of a distinct nosological entity (Rowland 

1999; Le Forestier et al. 2001a; Swash et al. 1999).  
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Table 2.4: Proposed spectrum of neuropathological involvement in MND (adapted 

from  (Ince et al. 1998) 

Syndrome LMN UMN Hippo- 

Campus 

Frontal  

Cortex 

Other CNS regions involved 

PMA ++ +/- - - ?UMN 

ALS + + +/- +/- ?Substantia Nigra, 

spinsocerebellar, sensory, 

autonomic systems, thalamus 

FALS + + +/- +/- ?As ALS ?More cortical 

involvement 

PLS +/- ++ + + ?LMN ?Caudate & putamen 

ALSi + + + 

 

+ ?Temporal, occipital & entorhinal 

cortices, caudate, & putamen 

MND-D ++ +/- + ++ ?As ALS, also Temporal cortex, 

substantia nigra, neocortical 

spongiform changes 

MND-IBD - - ++ ++ ?Temporal cortex 

+ Pathological Change (i.e. inclusion bodies, neuronal loss, astrocytosis, UIBs, SCIs), ++ 

Predominant Pathological Change, - Uninvolved/Little involvement, + / - Variably 

involved, ? Probable subclinical involvement. PMA: Progressive Muscular Atrophy, ALS: 

Sporadic Amyotrophic Lateral Sclerosis, ALSi: Amyotrophic Lateral Sclerosis with 

Cognitive Impairment, MND-D: Motor Neurone Disease with Dementia, MND-IBD: 

Motor Neurone Disease-type Inclusion Body Dementia, LMN: Lower Motor Neurone, 

UMN: Upper Motor Neurone. Pathological findings based on  (al Sarraj et al. 2002; 

Anderson et al. 1995; Iwanaga et al. 1997; Kawashima et al. 2001; Maekawa et al. 2004; 

Nakano 2000; Tsuchiya et al. 2002; Wilson et al. 1996; Yoshida 2004; Anderson et al. 

1995; Jackson et al. 1996; Rossor et al. 2000; Bigio et al. 2003; Wilhelmsen et al. 2004; 

Ince et al. 2003) 

 

Specifically, the evidence shows that in up to 50% of cases the PLS syndrome progresses to 

‘classical’ ALS and that on autopsy a small number of cases show LMN signs such as loss 

of pallor and demyelination of the corticospinal tract. Electrophysiology has also revealed 

that LMNs may show transient or chronic denervation in PLS patients, further eroding the 

concept of PLS as separate from ALS.  
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Finally, the heterogeneity of extra-motor neuronal loss and cognitive change in ALS and 

MND-D pathology suggests an overlap between these two conditions (Bigio et al. 2003; 

Neary et al. 2000). The implication for these findings is that whilst it is clinically 

reasonable and pragmatic to subdivide manifestations of disease on the basis of evident 

signs and symptoms, these do not necessarily reflect the underlying pathology.  

2.5 The Continuum of Cognitive Change in MND 

The overarching unresolved question remaining is whether patients with ALS and MND-D 

form separate nosological entities or whether they represent patients at different points on a 

single continuum of cognitive change. It has now been established through 

neuropsychological investigations that two groups of ALS patients exhibit cognitive 

changes; the first group exhibit subtle deficits on tests designed to measure executive 

function e.g. (Abrahams et al. 1997; Abrahams et al. 2000; Chari et al. 1996; Evdokimidis 

et al. 2002; Frank et al. 1997; Gallassi et al. 1989; Hanagasi et al. 2002; Hartikainen et al. 

1993; Kilani et al. 2004; Mantovan et al. 2003; Massman et al. 1996; McCullagh et al. 

1999; Munte et al. 1998; Strong et al. 1999; Talbot et al. 1995), whilst the second group are 

diagnosed with MND-D and show profound behavioural disturbances as well as markedly 

impaired performance on neuropsychological testing (Abe et al. 1997; Bak et al. 2001; 

Barson et al. 2000; Gentileschi et al. 1999; Lomen-Hoerth et al. 2003; Mitsuyama and 

Takamiya 1979; Nakano 2000; Neary et al. 1990; Neary et al. 2000; Rakowicz and Hodges 

1998; Strong et al. 2003; Talbot et al. 1995). Whilst neuropsychological studies suggest a 

pattern of predominantly executive deficits in both subgroups, there have been no studies 

which have explored the presence of behavioural abnormalities in patients with ALS and so 

it is unclear to what extent these may overlap with those found in MND-D.  

 

The concept of an overlap has also been explored using neuroimaging techniques, with a 

number of authors comparing ALS patients with and without cognitive impairment  (Abe et 

al. 1997; Neary et al. 1990; Portet et al. 2001; Talbot et al. 1995; Vercelletto et al. 1999; 

Vercelletto et al. 2003; Mantovan et al. 2003). Strutural studies suggest patients with ALS 

have a similar, though less marked pattern of cortical atrophy,  whilst functional studies 

find that impaired performance on cognitive tests of executive function are associated with 
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cortical atrophy and reduced tracer uptake in similar regions in both ALS and MND-D, 

with a more severe pattern of reduced activation or decreased tracer uptake in the latter.  

Neuropathological studies show that the pattern of extra-motor cortical involvement is 

similar in both ALS and MND-D, varying only in the density and extent of cortical 

dysfunction (Kawashima et al. 2001; Wilson et al. 2001). The evidence from the fields of 

neuropsychology, neuroimaging, and neuropathology appear to converge on the concept of 

a continuum of cognitive change in ALS, with normal cognitive functioning at one extreme 

of the continuum, mild sub-clinical dysfunction of the frontal and temporal lobes in the 

middle, and MND-D at the other extreme. It remains to be seen whether the position of an 

individual patient on the continuum is dependent on the type of ALS with which he or she 

is diagnosed, or the duration of their illness, which in turn may indicate a different pattern 

of neuronal dysfunction and reflect differential vulnerability of motor and extra-motor 

pathways in subgroups of ALS. 

2.6 Aims for the Thesis 

The review of the literature presented in this chapter reveals several key issues that must be 

resolved in order to fully understand the psychological sequelae of MND. To date, there has 

been no systematic comparison of MND subgroups in order to discern whether they have 

differing profiles of extra-motor involvement. The main aim of this thesis is to explore 

psychological change in MND by delineating the cognitive, behavioural, and emotional 

profiles of three subgroups of the disease, namely SALS, FALS, and PMA. Whilst there is 

evidence to show that a more profound form of cognitive change, MND-D, appears to be 

more common in FALS than SALS (Hudson 1981), it is unclear whether the same is true 

for milder forms of cognitive change such as executive dysfunction.  

 

The experiments described in subsequent chapters rely upon neuropsychological testing, 

self-report measures of behavioural and emotional change, and PET neuroimaging in order 

to test a number of primary hypotheses with predictions based upon previous research, as 

well as secondary research questions requiring exploratory analysis. 
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2.6.1 Primary Hypotheses 

As has been established in Section 2.1, the past 30 years have seen an exponential increase 

in the amount of research investigating neuropsychological aspects of cognitive change in 

ALS. The current hypotheses seek to elucidate differences between subgroups of ALS 

patients, confirm or deny the involvement of a previously uninvestigated brain region (the 

OFC), and investigate to what degree performance on cognitive tests is associated with 

measures of everyday behaviour. 

2.6.1.1 Hypothesis 1: Cognitive Profile in Sporadic and Familial ALS 

It was hypothesized that a subgroup of Sporadic ALS patients would show cognitive 

deficits of a predominantly dysexecutive nature, and that Familial ALS patients would 

exhibit a more severe pattern of cognitive deficits than that found in Sporadic ALS patients. 

Deficits will predominantly be on tests of executive functions, with possible mild 

impairment on tests of memory and language, with spared visuospatial perception in both 

ALS patient subgroups.  

2.6.1.2 Hypothesis 2: OFC Dysfunction in ALS  

Section 2.1.2 outlined Neary et al’s (2000) theory that behavioural change in MND-D was 

related to disruption of the OFC. If MND-D and milder forms of cognitive change lie on a 

continuum, then more subtle OFC dysfunction should be apparent amongst ALS patient 

with mild cognitive change. In addition to a pattern of cognitive deficits as described in 

Hypothesis 1, ALS patients will also show impairments on tests sensitive to OFC function. 

FALS patients will be more impaired than patient with SALS. 

2.6.1.3 Hypothesis 3: Behavioural Change in ALS 

In addition to neuropsychological evidence of cognitive change in patients with ALS, it was 

predicted that behavioural changes would also be detected. For reasons outlined in 

Hypothesis 1, it was predicted that patients with the Familial form of the disease would 

have more prominent behavioural symptoms than patients with the Sporadic form.  

Poor performance on neuropsychological measures of cognition are hypothesized to be 

correlated with behavioural manifestations such as disinhibition, apathy and dysexecutive 



 74 

function, manifesting as disorganization and poor planning. Behavioural problems related 

to memory loss were not anticipated. Hypotheses 1, 2, and 3 will be addressed in Chapter 3.  

2.6.1.4 Hypothesis 4: Flumazenil PET as Marker of Cerebral Dysfunction 

On the basis of previous findings suggesting that flumazenil can accurately quantify regions 

of neuronal loss in extra-motor regions in patients with ALS, it was predicted that impaired 

performance on neuropsychological test scores would be significantly correlated with 

regions of decreased flumazenil binding in predominantly frontotemporal regions of the 

brain. 

2.6.1.5 Hypothesis 5: WAY100635 PET as Marker of Emotional Change 

Due to the association between 5HT and mood disorders such as anxiety or depression, and 

previous findings of reduced 5HT1A binding in major depression, it was predicted that 

reduced regional volumes of WAY100635 binding would be associated with higher scores 

on measures related to emotion and mood including depression and anxiety. Hypotheses 4 

and 5 will be addressed in Chapter 6. 

2.6.2 Exploratory Studies 

Whilst the Primary Hypotheses in Section 2.6.1 have been made on the basis of previous 

findings in the research literature, several areas of study were investigated which had little 

or no previous findings on which to base predictions. Exploratory analyses were conducted 

to reveal the cognitive profile of patients with PMA, the association of cognitive change 

with the SOD1 mutation in FALS patients, the poorly understood syndrome of emotional 

lability, and the estimated prevalence of depression and anxiety in MND.  

2.6.2.1 Exploratory Study 1: Emotional Lability in ALS 

The relationship between emotional lability and performance on neuropsychological tests 

and everyday measures of executive dysfunction was explored to elucidate the relationship 

between cognitive change and pathological displays of emotion. This will be addressed in 

Chapter 3. 
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2.6.2.2 Exploratory Study 2: SOD1 as a Predictor of Cognitive 

Vulnerability 

One recent neuroimaging study found a distinct profile of neuronal loss amongst patients 

with a specific SOD1 mutation, D90A (Turner et al. 2005a). Potential differences of 

cognitive, behavioural, and emotional function between patients with a SOD1 mutation and 

without a SOD1 mutation were explored. The results are described in Chapter 3.  

2.6.2.3 Exploratory Study 3: Cognitive Profile in PMA 

The probable restriction of pathological changes to the LMNs and normal findings from 

neuroimaging studies would suggest that if cognitive change is to occur at all in PMA, it 

will be milder than that found in ALS. This study investigated the differences, if any, 

between patients with PMA and a matched group of healthy control participants. This study 

is reported in Chapter 4.  

2.6.2.4 Exploratory Study 4: Prevalence of Depression and Anxiety in 

MND 

The estimated prevalence rates from previous studies have varied considerably. This may 

be due, in part, to variation in the methodologies employed. Two experiments were 

designed to 1) investigate the prevalence of anxiety and depression symptoms in a large, 

consecutive sample of patients with MND as reported by multiple self-report questionnaires 

and 2) compare the estimated prevalence rates of anxiety and depression symptoms 

obtained by participants using self-report questionnaires as opposed to undergoing a 

structured clinical interview. These experiments are reported in Chapter 5.  
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3 Cognitive, Emotional, and Behavioural Change 

in Subgroups of ALS 

3.1 Introduction 
 

As has been established in Chapter 2, there is a wealth of evidence indicating that a small 

proportion (~5%) of ALS patients suffer from a co-morbid dementia (MND-D), but also 

that sub-clinical cognitive change occurs in at least a subgroup of patients with ALS 

(Abrahams et al. 2000; Abrahams et al. 2004a; Gallassi et al. 1989; Massman et al. 1996). 

The exact proportion thought to suffer from such cognitive change is uncertain (Hudson 

1981; Lomen-Hoerth et al. 2003; Massman et al. 1996) and depends on the sample selected, 

the measures used, and the cut-offs for impairment that are employed.  

3.2 Aims  

The aim of the current study was to explore cognitive, emotional, and behavioural change 

in ALS and examine differences in performance between patients with the Sporadic and 

Familial forms of the disease by testing the three hypotheses and two exploratory research 

questions described below. In all cases, it was predicted that any cognitive deficits would 

predominantly be of a dysexecutive nature (related to dysfunction of the DLPFC and 

possibly the OFC), and behavioural changes would resemble those identified in FTD 

though to a less marked extent. There may also be milder deficits associated with memory 

and language, although visuospatial function would be spared.  On the basis of previous 

research findings, aspects of executive dysfunction revealed by neuropsychological testing 

was thought to be associated with the severity of uncontrolled laugher, crying and smiling, 

known as ‘emotional lability’. Within this chapter there is also an additional analysis 

comparing two subgroups of patients with Familial ALS: patients with and without a SOD1 

mutation. As the SOD1 mutation is the only known direct cause of ALS it is hoped this 

may shed light on any phenotypic differences between subgroups of patients with ALS. 
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3.2.1 Hypothesis One: General Hypothesis 

Cognitive change in MND is best represented by a continuum, with normal functioning at 

one extreme and MND-D at the other (Abe et al. 1997; Ince et al. 2003). Within the region 

representing sub-clinical cognitive change, it was hypothesized that a subgroup of Sporadic 

ALS patients would show cognitive deficits of a predominantly dysexecutive nature, and 

that Familial ALS patients would exhibit a more severe pattern of cognitive deficits than 

that found in Sporadic ALS patients. Deficits would predominantly be on tests of executive 

functions, with either no deficits or mild impairment on tests of memory, language, and 

visuospatial perception in both ALS patient subgroups.  

3.2.2 Hypothesis Two: OFC Dysfunction 

3.2.2.1 Background 

Whilst a number of neuropsychological and neuroimaging studies have found cognitive 

impairment in patients with MND associated with dysfunction of more dorsolateral regions 

of prefrontal cortex (Abrahams et al. 1996; Abrahams et al. 2003; Maekawa et al. 2004; 

Turner et al. 2004), no study has yet addressed the role of the OFC in ALS. The OFC is 

thought to be associated with sensitivity to reward and punishment in planning future 

responses (Bechara et al. 1994), and Neary et al (2000) suggest that the behavioural 

changes found in MND-D such as over-activity and disinhibition reflect neuropathological 

change in this area (Neary et al. 2000). To test the theory that sub-clinical cognitive change 

in ALS represents a milder form of MND-D, it was predicted that patients with Sporadic 

and Familial ALS would show some degree of impairment on tasks thought to be mediated 

by the OFC, such as the Iowa Gambling Task, Reversal and Extinction Learning, and the 

Faux Pas Scale compared to healthy controls (see Section 3.3.7) and evidence of 

disinhibition on behavioural scales. 

3.2.2.2 Hypothesis 2 

In addition to a pattern of cognitive deficits reflecting dysfunction of the DLPFC as 

described in Hypothesis 1, it was predicted that ALS patients would also show impairments 

on tests of OFC function.  
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Since Familial ALS is more likely to be accompanied by dementia than Sporadic ALS, and 

OFC dysfunction is thought to be associated with the development of MND-D, then it was 

predicted that patients with Familial ALS would be more likely than Sporadic ALS patients 

to show evidence of OFC dysfunction.  

3.2.3 Hypothesis 3: Behavioural Change 

3.2.3.1 Background 

Whilst a number of studies have commented on changes in behaviour amongst patients 

with MND-D, little research has been undertaken in ALS patients, and it is unclear whether 

poor performance on neuropsychological batteries reflects an actual change in daily 

functioning. A number of self and carer-rated behavioural questionnaires and interviews 

including the Frontal Systems Behaviour Scale (FRSBE), Short Inventory of Minor Lapses 

(SIML), Manchester Behavioural Questionnaire (MBQ), and Dysexecutive Questionnaire 

(DEX) (see Section 3.3.11) were used to assess the prevalence of symptoms such as apathy, 

disinhibition, repetitive behaviour, changes in social function, and memory lapses. 

Correlational analyses were undertaken to establish the relationship between 

neuropsychological test scores and behavioural measures to assess the daily impact of 

cognitive change on the lives of patients and carers. Finally, data for self and carer-rated 

measures were compared to explore any disparity between the perceptions of patients and 

their carers. 

3.2.3.2 Hypothesis 3 

In addition to neuropsychological evidence of cognitive change in patients with ALS, it was 

predicted that behavioural changes would also be detected. For reasons outlined in 

Hypothesis 1, it was predicted that patients with the Familial form of the disease would 

have more prominent behavioural symptoms than patients with the Sporadic form. Poor 

performance on neuropsychological measures of cognition were hypothesized to correlate 

with behavioural abnormalities such as disinhibition and apathy, manifesting as 

disorganization and poor planning. Behavioural problems related to memory loss were not 

anticipated. 
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3.2.4 Exploratory Study 1: Emotional Change 

Despite being the most overt form of psychological change present in patients with ALS, 

emotional lability remains poorly understood (see Section 2.2.1). In the current study a self- 

and carer-rated Emotional Lability Questionnaire (Newsom-Davis et al. 1999) was used to 

shed light on the interaction between emotional lability and cognitive change. A previous 

study has identified correlations between emotional lability and impaired performance on a 

test of executive function, the WCST (McCullagh et al. 1999). Therefore it was anticipated 

that levels of emotional lability would be correlated with both impaired performance on 

neuropsychological tests and everyday measures of executive dysfunction. Due to the 

dearth of research in this area, this was undertaken as an exploratory analysis. 

3.2.5 Exploratory Study 2: Familial Subgroups 

Mice with a SOD1 mutation develop a form of ALS and are the current ‘gold standard’ for 

pre-clinical research. However, patients with a family history of ALS and testing positive 

for one of the known mutations of SOD1 (see also http://alsod1.iop.kcl.ac.uk ) form only 

2% of the MND population. To date, no research has sought to differentiate the cognitive 

profile of different phenotypes of the disease, save one neuroimaging study which found a 

distinct profile of neuronal loss amongst patients with the D90A SOD1 mutation (Turner et 

al. 2005a). It is unclear whether patients with any SOD1 mutation will have a similar 

profile of cognitive, behavioural, and emotional change to patients without a SOD1 

mutation, and this was undertaken as an exploratory analysis. 

3.3 Methodology 

3.3.1 Design 

A between-subjects design was used to compare the profiles of cognitive, behavioural, and 

emotional change across the three subgroups to be examined: Sporadic ALS, Familial ALS, 

and matched healthy controls. Where overall group differences were significant, post-hoc 

analyses were used to identify which groups were impaired relative to each other.  
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In order to identify the proportion of impaired patients in each group, normative values 

were generated for each test from the control data and patients scoring below the 5
th

 

percentile (as determined from the control data) in each ALS group were classified as 

impaired on that test.  Correlational analyses were carried out to identify associations 

between neuropsychological test scores and behavioural measures of everyday behaviour. 

Further details of data analysis can be found in Section 3.3.14. In the current study two 

methods of analysis were employed; first a between-groups comparison of the mean scores 

of ALS subgroups and matched controls, and secondly the use of percentile cut-off scores 

in order to identify the proportion of impaired patients in each group (reported in Section 

3.4.9).  

3.3.2 Participants 

3.3.2.1 Ethics approval 

Ethical and R&D approval were obtained from the Institute of Psychiatry, King’s College 

London. Multicentre Research Ethical Committee (MREC) and R&D approval was 

obtained for NHS trusts in Birmingham, Liverpool, Newcastle, Nottingham, and Oxford 

(see Appendix 2). 

3.3.2.2 Patient recruitment 

Participants with Sporadic ALS and Familial ALS were recruited from King’s MND Care 

& Research Centre, London, UK. Patients attending a tertiary referral clinic for the care and 

management of ALS were screened in twice-monthly ‘subject pool’ meetings with 

members of the ALS clinical research team currently recruiting for their research studies.  

Patients were assessed for suitability according to their clinical notes and history, and if 

appropriate were contacted by letter which included a patient information leaflet and 

written consent form (see Appendix 3). Testing sessions took place either in participants’ 

homes or at the Institute of Psychiatry, London. In addition, further Familial ALS patients 

were recruited from MND Care & Research Centres in Nottingham and Newcastle. These 

were identified through patient databases and diagnoses confirmed by a Consultant 

Neurologist at each Centre. Due to the distances from London involved, these patients were 

all tested in their own homes. If no response was forthcoming within one month, 

participants were contacted to confirm they had received the initial contact letter. 
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 If they returned the consent form indicating they would like to participate they were 

contacted by the preferred mode of communication stated on their consent form in order to 

arrange an appointment. If they declined to take part, their consent form was archived in a 

secure filing cabinet. Where participants volunteered for testing, this was carried out either 

at their home or at the Institute of Psychiatry. Depending on the participant’s stated 

preference, testing was either carried out in one long session or two shorter sessions. Breaks 

were provided where required. For all ALS patients where practical, a carer was asked to 

complete a number of behavioural questionnaires relating to any psychological change they 

had noted in the patient since the onset of symptoms. On completion of testing, data was 

scored and entered into Statistical Package for the Social Sciences (SPSS) version 12.0.1. 

Hard copies were anonymised and stored in secure filing cabinets at the Institute of 

Psychiatry for archiving.  

3.3.2.3 Inclusion/Exclusion Criteria 

The inclusion criteria for Sporadic ALS Patients were as follows: Aged 35-75; a diagnosis 

of ‘Probable’ or ‘Definite’ ALS according to Revised El Escorial Criteria (Brooks et al. 

2000) (see Appendix 1). The inclusion criteria for Familial ALS Patients were the same as 

for the Sporadic ALS patients but also included a family history of ALS and/or having 

tested positive for a SOD1 genetic mutation.  

 

In addition, the following exclusion criteria applied to all groups: English not spoken as a 

first language; a history of hypertension, diabetes, cerebrovascular disease, or dementia; a 

history of significant neurological disease; being unable to speak and write due to illness 

severity; signs of significant respiratory muscle weakness (morning headache, poor quality 

of sleep, daytime sleepiness, breathlessness); significant psychiatric or medical illness; 

inability to give full informed consent; current treatment with psychotropic drugs other than 

Serotonin-Specific Reuptake Inhibitors (SSRIs). This latter class of drug was used by one 

Familial ALS patient and three Sporadic ALS patients for the control of emotional lability, 

and was permitted to allow inclusion of patients with pseudobulbar palsy, who are 

frequently prescribed SSRIs for this reason.   
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3.3.2.4 Consent 

Participants were provided with an information sheet (see Appendix 3) giving an overview 

of what the research, and more specifically what the assessment would involve. The 

information sheets included contact details for the investigator and his supervisor (Dr. 

Laura H Goldstein) who could then answer any questions participants might have. After the 

participant had understood what the testing involved and if they then wished to participate, 

they were asked to sign at the bottom of the consent sheet. In the case of patients, a copy of 

this consent sheet was placed into their medical notes. Where patients were unable to write, 

the form was signed by carers on their behalf. Participants were informed through their 

information sheets that they could withdraw from the study at any time without needing to 

provide an explanation, and that this would not have any consequences with respect to their 

current or future standard of care.   

3.3.2.5 Healthy Controls 

Control participants were recruited via posters (see Appendix 4 & Appendix 29), e-mails, 

newsletters, letters to voluntary organisations, local branches of the Motor Neurone Disease 

Association, and through patient contacts. They were paid a flat rate of £15 compensation 

for their expenses and inconvenience.  

3.3.3 Test administration  

On the basis of a small pilot study on six patients and three controls, a fixed test order was 

devised in order to minimize patients’ discomfort by varying the physical demands on 

participants (see Appendix 5). For example, tasks would alternate between requiring 

spoken or written responses in order to minimize sustained demands on any one set of 

skeletal muscles. A pseudo-randomised test sequence was rejected on the basis that some 

tests (e.g. Reversal Learning and Extinction Learning) had to be administered in a fixed 

order. Participants could opt to carry out testing in one longer session of approximately 4.5 

hours, or two shorter sessions of approximately 2.5 hours each. Participants were 

encouraged to take comfort breaks when required. Due to physical disability, some patients 

were either unable to use a pen or to speak. In these circumstances responses would be 

given verbally or by alternative communication methods such as paper and pen or a 

‘Litewriter’, with responses recorded by the investigator. 
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3.3.4 Demographic and clinical variables 

Upon commencing the study, participants were interviewed to ascertain a clinical history 

and demographic variables (see Appendix 6). The variables of interest were: date of birth; 

age; gender; years of education; highest qualification; occupation; site of symptom onset; 

time since symptoms first noticed; time since diagnosis; time between symptom onset and 

diagnosis; limb/bulbar onset; marital status; duration of relationship with current partner; 

current medication / taking vitamins & other supplements.  

 

In order to exclude the possibility of psychological test performance being modified by 

affective state, participants were also asked to complete the Hospital Anxiety and 

Depression Scale (HADS). This is a 14-item self-report questionnaire consisting of two 

subscales, depression (HADS D) and anxiety (HADS A), each with seven items assessing 

the severity of symptoms (Zigmond and Snaith 1983). The subscales have been shown to 

have good internal validity (HADS A Cronbach’s α= 0.84, HADS D α= 0.83) (Dagnan et 

al. 2000).  As in previous studies of ALS patients (Abrahams et al. 2000; Abrahams et al. 

2004a; Abrahams et al. 2005a; Abrahams et al. 1997), one item, “I feel slowed down”, was 

removed as it was felt that it may be confounded by physical symptoms of MND. The cut-

off values used were therefore lower than those typically used: 0-4 indicated subjects are 

not depressed or anxious, 5-7 indicated a borderline state and 8-18 indicated depression or 

anxiety.  

3.3.4.1 Clinical Status   

To ascertain clinical status, the Revised Amyotrophic Lateral Sclerosis Functional Rating 

Scale (ALSFRS-R) (Cedarbaum et al. 1999) (see Appendix 7) was used. This is a 12-item 

interview assessing level of function in speech, swallowing, salivation, handwriting, cutting 

food and handling utensils or (if fitted with a gastrostomy) assisting with feeding, dressing 

and hygiene, turning in bed and adjusting bed clothes, walking, climbing stairs, dyspnea, 

orthopnea, and use of assistive ventilation. The revised scale was created for the functional 

assessment of patients with MND involved in clinical trials.  
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The ALSFRS-R was first validated with a sample of 387 placebo-treated patients enrolled 

in a phase III trial of Brain-Derived Neurotrophic Factor (BDNF) over the course of 9 

months. Monthly evaluations included administration of the ALSFRS-R, measurement of 

forced vital capacity (FVC), and administration of the Sickness Impact Profile (SIP), a 

measure of quality-of-life (Bergner et al. 1981). Factor analysis revealed four factors that 

accounted for 73% of the variance, corresponding to fine motor control, gross motor 

control, bulbar function and respiratory function. The raw and standardised Cronbach’s α’s 

for the ALSFRS-R are 0.74 and 0.73 respectively, indicating satisfactory internal 

consistency. In terms of construct validity, the ALSFRS-R score at 9 months was correlated 

with both FVC (Pearson’s r=0.58, p<0.001) and SIP (Spearman’s r=-0.58, p<0.001).  

 

In summary, the ALSFRS-R is a clinical rating scale that can be used to accurately measure 

the progression of physical symptoms in patients with MND and has subsequently been 

validated (Moore et al. 2003) as a good predictor of survival. The questionnaire was 

administered as an interview by the investigator and answers scored on a four-point scale, 

with a maximum score of 48 reflecting normal functioning and lower scores reflecting 

greater disability. 

3.3.4.2 Estimated premorbid IQ and current general intellectual ability 

In order to discern significant discrepancies between premorbid and actual IQ as an 

indicator of dementia, the National Adult Reading Test (NART) 2
nd

 Edition (Nelson and 

Willison 1991) and Raven’s Standard Progressive Matrices (RSPM) (Raven 1958) were 

used, as in previous studies of ALS patients (Abrahams et al. 2000; Abrahams et al. 2004a; 

Abrahams et al. 2005a).  

 

The authors of the NART suggested that reading ability remains preserved in patients with 

dementia (Nelson and McKenna 1975). However, subsequent studies have found the 

NART to be less accurate for patients with advanced dementia or with language 

disturbance (Taylor 2000). The NART consists of a word card of 50 ‘irregular’ English 

words (i.e. that do not conform to common rules of pronunciation) which participants were 

asked to read out loud. In a validation study, a sample of 182 participants completed both 

the NART and Wechsler Adult Intelligence Scale - Revised (WAIS-R) (Nelson and 

Willison 1991).  From these findings the authors were able to generate a regression 
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equation capable of predicting Full-Scale, Verbal, and Performance IQ on the WAIS-R 

from the score achieved on the NART. The NART has a high level of both inter-rater (0.96-

0.98) and test-retest (0.98) reliability, as well as good internal consistency (Cronbach’s 

α=0.93). In the current study, predicted Full-Scale IQ was used to ensure experimental 

groups were matched for premorbid levels of intelligence.  

 

As a measure of current non-verbal intelligence, the RSPM was used.  This is a culturally 

fair test of fluid intelligence (Daley et al. 2003) where participants are given a series of 60 

patterns, each with a piece missing. Participants must choose the most appropriate pattern 

from a choice of either 6 or 8 pieces that will complete the overall pattern correctly. In 

addition, it has been demonstrated that a participant’s score on the NART can be used to 

predict RSPM scores using a regression equation  (Davis et al. 2000). The authors of this 

equation suggest that a significant discrepancy between predicted RSPM score and actual 

RSPM score could indicate the presence of dementia. This technique has been used by our 

research group in a number of previous studies examining ALS  (Abrahams et al. 2000; 

Abrahams et al. 2004a; Abrahams et al. 2004b). 

 

In the current study, the discrepancy between performance on the RSPM predicted by the 

NART and actual performance on the RSPM were divided by the estimated population 

standard error (6.36) to yield Z-scores. Z-scores of z<-1.645 and z<-2.326 represent the 5% 

and 1% percentiles respectively. Participants scoring below the 1% percentile would be 

considered in the present study to be demonstrating possible dementia and would be 

excluded from the data analysis. No participants in the current study showed evidence of 

such a discrepancy. 
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3.3.5 Measures of Cognitive Function 

3.3.6 Standard Tests of Executive Functioning 

3.3.6.1 Wisconsin Card Sorting Test (WCST)  

The WCST was originally designed as a measure of set shifting (Grant and Berg 1948). 

This is the ability of a participant to learn a reinforced pattern of responding to stimuli but 

to then successfully shift to another pattern when the schedule of reinforcement is altered.  

Subsequent studies found that patients with dorsolateral frontal lobe lesions were impaired 

on this task, making more errors than controls, characterized by perseveration (Milner 

1963). Confirmatory factor analysis revealed these perseverative errors to be the test’s most 

useful outcome measure for identifying brain damage (Greve et al. 2005). PET and fMRI 

neuroimaging of healthy participants has confirmed increased activation in the dorsolateral 

prefrontal cortex, anterior cingulate, and parietal regions during task performance (Berman 

et al. 1995; Cabeza and Nyberg 2000). 

 

The majority of neuropsychological studies in MND have found patients to be impaired on 

this task (see also Section 2.1.3.2), and our research group has used the test in a number of 

previous studies (Abrahams et al. 1996; Abrahams et al. 1997; Abrahams et al. 2004a; Kew 

et al. 1993a). The computerized WCST (Psychological Assessment Resources 2003) is 

presented on a standard PC and consists of four key cards across the top of the screen. For 

each trial the participants were asked to match a card at the bottom of the screen to the 

correct key card at the top. This is ‘placed’ face up in a ‘pile’ below the key card. Each time 

the participants made a choice the computer would respond with a visual and audio prompt 

of “correct” or “wrong”. Initially, matching was on the basis of colour (e.g. three red circles 

go on the pile below one red triangle). After 10 correct answers the dimension changed to 

shape (e.g. three red circles should now go with four blue circles) and then number (e.g. 

three red circles should now go with three yellow crosses). Variables recorded include the 

total number of categories achieved, number of errors, perseverative errors, and the number 

of trials taken to achieve the first category.  In the current study the WCST is being used as 

a measure of executive function to test Hypothesis One. 
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3.3.6.2 Thurstone’s Verbal Fluency Test 

Tests of verbal fluency are commonly used in neuropsychological test batteries as a 

measure of cerebral dysfunction. Thurstone’s written fluency test has been found to be 

useful in discriminating brain-damaged from normal participants, with good test-retest 

(0.79) and inter-rater reliability (0.98)  (Cohen and Stanczak 2000). Impaired verbal 

fluency performance is typically associated with lesions in the left hemisphere (Goldstein et 

al. 2004), whilst PET and fMRI imaging in healthy control participants has previously 

shown increased activation predominantly in the left dorsolateral prefrontal cortex and left 

inferior frontal gyrus (Frith et al. 1991; Gaillard et al. 2000; Gaillard et al. 2003; Wood et 

al. 2001; Abrahams et al. 2003; Wood et al. 2001). 

 

In the current study, a modified version of Thurstone’s written fluency test was used, called 

the Verbal Fluency Index (Wvfi). The Wvfi consisted of a generation and a copy condition 

which compensates for impairment of motor speed as a result of physical disability. This 

test has been used in a number of previous studies of ALS patients (Abrahams et al. 1997; 

Abrahams et al. 2000; Abrahams et al. 2004a; Abrahams et al. 2005a; Papps et al. 2005).   

During the generation condition participants were asked to write down as many words as 

they could within certain constraints in a particular time limit. The two conditions were 

“words beginning with the letter ‘S’ in 5 minutes” and “4-letter words beginning with the 

letter ‘C’ in 4 minutes”. Participants were allowed to produce any words within these 

constraints so long as they did not include proper nouns, plurals, or suffixes. In the copy 

condition participants were timed whilst they copied out the words they had generated in 

the previous condition. A fluency index was subsequently calculated, this being an estimate 

of the average time taken in seconds to think of each word during the task. A higher Wvfi 

reflects poorer performance. In the current study the Wvfi is being used as a measure of 

executive function to test Hypothesis One. The equation from Abrahams et al (2000) used 

to calculate the fluency index was: 

 

fi = (Time for generation condition) – (Time for copy condition) 

   Total number of items generated   
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3.3.6.3 Written Category Fluency 

In addition to phonemic fluency, a test of category fluency was included, namely “types of 

animals named in 2 minutes”. This was developed from the Set Test for category fluency 

by Isaacs and Kennie. This originally included four categories: animals, colours, fruits, and 

towns (Isaacs and Kennie 1973), but an earlier investigation of ALS patients found only 

animal naming to be impaired (Abrahams et al. 2000). The procedure was similar to that 

outlined above for verbal fluency, but words generated were related semantically rather 

than phonemically. As with letter fluency, the category fluency test is being used as a 

measure of executive function to test Hypothesis One although it is noted that the test is 

also dependent on intact semantic structure and temporal lobe functioning (Pihlajamaki et 

al. 2000). 

3.3.6.4 Stroop Test  

Cognitive inhibition was assessed by a computerised version of the Stroop Test (Stroop 

1935) and Negative Priming tests as used in our group’s previous studies (Abrahams et al. 

1997) (see Section 2.1.3.3). The principle of the Stroop test was to create interference 

between word reading (an automatic task) and colour naming (a simple, but not automatic 

task). Neuroimaging studies in healthy participants using PET and fMRI have identified 

increased activation of the dorsal anterior cingulate cortex and left inferior frontal gyrus 

during Stroop performance (Langenecker et al. 2004; Soeda et al. 2005), though lesion 

studies have been less consistent and it has been discovered that patients with damage to 

the dorsal anterior cingulate cortex were not systematically impaired on the task, showing 

evidence of normal post-error slowing  (Fellows and Farah 2005). 

 

In the current study, either a row of coloured X’s (as a control task) or colour name words 

(“red”, “blue”) were presented on a computer screen for 500ms. The colour name words 

were presented in incongruent colours (i.e. ‘red’ presented in blue text). The participant was 

asked to name the colour in which the colour name word or the X’s appeared in as short a 

time as possible. Using a voice-activated unit connected to a laptop PC, the software made 

an accurate measurement of the time taken to name the colour, whilst the experimenter 

used a button box to record the participant’s response. 
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In addition to the control and Stroop conditions, a negative priming paradigm was used, 

similar to that previously described by (Abrahams et al. 1997). In this task, participants had 

to name the colour which was inhibited in the preceding trial. So, for example, a participant 

may have been presented with the word ‘green’ in a yellow font colour. In the next trial, 

s/he may be presented with the word ‘red’ in a green font colour. The mean reaction time in 

each condition was recorded. The Stroop effect was calculated by subtracting time taken to 

name control X’s from the time taken to name the colour in which the words in the Stroop 

condition were presented.  

 

The negative priming effect was calculated by subtracting the time taken to name the colour 

in which words were presented in the Stroop condition from the time taken to name the 

colour in which words were presented in the Negative Priming condition. The schedule of 

stimulus presentation is given in Appendix 8. Previous investigations in healthy 

participants have found satisfactory test-retest reliability for the Stroop test, of between 

0.73 and 0.92 (Franzen et al. 1987). In the current study the Stroop Test is being used as a 

measure of executive function to test Hypothesis One. 

 

Stroop Effect = (Time to name colour of words) – (Time to name colour of X’s) 

 

Negative Priming Effect = (Time to name colour of Negative Priming words) – (Time to 

name colour of Stroop words) 

3.3.6.5 Hayling Sentence Completion Test 

The Hayling Sentence Completion Test (Burgess and Shallice 1997) was used as a measure 

of word retrieval and cognitive inhibition. In the Response Initiation section of the test, 

participants were presented with 15 sentences, each  with the last word missing. The 

participant was asked to complete the sentence with a logical word in as short a time as 

possible. All sentences had a high probability of completion with a single word. In the 

Response Suppression section of the test participants were again presented with 15 

sentences, each with the last word missing. For this part of the test, however, they had to 

say a word which did not fit at the end of the sentence and was completely unrelated to the 

sentence in every way.  
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The test has good split-half reliability (0.63 for Response Initiation and 0.78 for Response 

Suppression) and performance on both halves is correlated when participants perform 

normally (Burgess and Shallice 1996). However, when there is normal performance on 

Response Initiation but impaired performance on Response Suppression (longer latencies 

and more errors), this may be an indication of anterior frontal lobe damage. In both 

sections, reaction time and the number of errors were recorded as raw scores and scaled 

according to norms. Latency was recorded as time to produce all of the words in the 

Response Suppression section minus the time to produce all of the words in the Response 

Initiation section (Burgess and Shallice 1996).  

 

In terms of functional anatomy, performance on the Hayling Test has been associated with 

activation in left frontal lobe regions in two functional neuroimaging studies using PET. In 

the first study, the Response Initiation condition was associated with increased activation in 

the left frontal operculum, left inferior frontal gyrus, left middle temporal gyrus and the 

right anterior cingulate. Additionally, the Response Suppression task was associated with 

increased activation of the left middle temporal gyrus and left inferior frontal gyrus. 

(Nathaniel-James et al. 1997). In the second study, Response Initiation was associated with 

the left inferior frontal gyrus, whilst Response Suppression was associated with a more 

widespread network of prefrontal areas including the middle and inferior frontal gyri 

bilaterally (Collette et al. 2001).  

 

Whilst the Hayling Test has not previously been used in its entirety in ALS, two studies by 

our group have used a modified version of the test (Abrahams et al. 2000; Abrahams et al. 

2005b). This modified version consists of the Response Initiation section (i.e. logical 

completions) and a control condition, only with participants’ responses recorded by a 

microphone and analysed by a computer program. In these studies, having generated their 

responses, participants were later asked to repeat the words. The time taken to repeat the 

word was subtracted from the time taken to generate the word, thereby controlling for the 

speed of speech production. One recent longitudinal study using this modified version of 

the Hayling Test (Abrahams et al. 2005b) found that, relative to controls, ALS patients took 

longer to initiate their response. Furthermore, whilst control participants had faster response 

times on retesting six months later, the response times of ALS patients had become slower, 

even after correcting for the motor speed component of speech production.  
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This suggests a cognitive, rather than physical, origin for the impaired performance which 

can decline over a relatively short period of time. In the current study the Hayling Test in 

its entirety is being used as a measure of executive function to test Hypothesis One. 

3.3.7 Experimental Measures of OFC Dysfunction 

The OFC is thought to mediate emotion-related learning, and in particular the alteration of 

behaviour in the absence of continuing reward (Rolls 1999). Individuals with damage to the 

OFC show profound deficits in real-life decision-making and may make rash financial 

decisions or appear socially disinhibited (Bechara et al. 1994). Whilst patients with distinct 

OFC lesions have been shown to have clear deficits on several tasks of emotion-related 

learning, no previous study had investigated whether ALS patients with a presumed mild 

OFC dysfunction might show a lesser degree of dysfunction on these test. 

3.3.7.1 Visual Discrimination Test 

The Visual Discrimination Test consisted of two conditions: Reversal Learning and 

Extinction (Rolls et al. 1994). These computerised tests involve the presentation of two 

neutral stimuli (in this case abstract images, see Appendix 9). On presentation of a 

stimulus, participants had to elect whether or not to press a push-button.  

In Reversal Learning, they were initially reinforced to press a button to one image (A) but 

not to press for the other image (B) by means of a point system.  Each time they made a 

correct response  (i.e. pressing the button for the correct pattern or not pressing the button 

for the incorrect pattern) the computer would display the word “correct” and they gained a 

point. Each time they made an incorrect response (i.e. failing to press the button for the 

correct pattern, or pressing the button for the incorrect pattern) the computer would display 

the word “incorrect” and they lost a point. The aim of the game was to gain  as many points 

as possible. After this pattern of learning had been reinforced for nine trials the rule was 

reversed, so that it became correct to press for image B but not for A. In the remainder of 

the test there were a further two reversals, so that participants had to display flexible 

learning, short-term memory, and sustained attention in order to be successful.  
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Outcome measures recorded were: whether the task was completed successfully (yes/no); 

trials taken to learn the first rule; trials taken to complete the task; number of errors 

between the first and second reversal; and the number of incorrect presses to a previously 

reinforced stimulus (errors of commission). This test shared some similarities with the 

WCST, in particular in the detection of rule change, but provided participants with a 

narrower range of responses (two rather than four for the WCST) and used abstract 

patterns. It also used a points system to allow the participant to measure their performance 

and hence attempted to associate emotional response evoked through winning or losing 

points with learning. 

 

The structure of the Extinction Learning task was similar, with an initial learning period of 

nine trials where it was correct to press the button for A but not B. In this case, however, 

following the first reversal it became incorrect to press the button for either stimulus. 

Before the reversal, each time participants pressed the button for pattern A or did not press 

the button for pattern B they gained a point. Conversely, when they failed to press the 

button for pattern A or pressed the button for pattern B they lost a point. Following the 

reversal, participants gained a point for not touching the button in response to either 

stimulus A or B, and lost a point if they did press the button. Again, participants were 

instructed that the aim of the task was to gain as many points as possible. Outcome 

measures recorded were: whether the task was completed successfully (yes/no); trials taken 

to learn the first rule; number of trials taken to complete the task; errors of commission; 

other errors.  

 

The test was originally constructed as an experimental correlate of the poor real-world 

decisions made by patients with OFC lesions. Rolls et al (1994) found that patients with 

OFC lesions succeeded in learning the initial response pattern but when the rule was 

reversed they tended to persevere with the previously rewarded schedule of behaviour, 

making errors of commission (Rolls et al. 1994). The authors reported several patients 

making a verbal statement that they understood the rules, but that they were unable to 

restrain themselves from responding incorrectly. The authors found the frequency of errors 

of commission to be associated with higher levels of disinhibited behaviour on a self-report 

questionnaire. The Visual Discrimination Test was used in the current study to measure 

OFC function in order to test Hypothesis Two. 
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3.3.7.2 Iowa Gambling Task 

The Iowa Gambling Task (Bechara et al. 1994) is a computerised test of decision-making 

which simulates reward and punishment heuristics as they might be found in the real world. 

Like the Visual Discrimination Test, it was originally designed as an experimental correlate 

of insensitivity to future consequences in real-world behaviour amongst patients with OFC 

lesions. Participants were asked to select one of four decks of cards presented on the screen, 

labelled A, B, C, and D. They were given instructions to select a card with the mouse, and 

that each time they selected a card they would win some game money (see Appendix 10).  

They were also told that on some occasions they would lose some game money, and the 

aim of the game was to make as much money as possible. The computer had a pre-

programmed schedule of reward (see Appendix 11); choosing cards from decks A and B 

gave higher payouts but would eventually cause much larger losses and a net loss.  

 

Conversely, choosing cards from decks C and D gave lower payouts, but caused relatively 

smaller losses and a net gain. Decks A and C lost money 50% of the time, whilst decks B 

and D lost money 10% of the time. It has been reported that healthy controls initially 

sample all decks, but over time learn to stay away from A and B (the “bad” decks) and 

select more cards from C and D (the “good” decks). By contrast, patients with OFC lesions 

systematically return to decks A and B despite suffering heavy losses as a result of their 

actions, suggesting a deficit in the ability to calculate future consequences on the basis of 

past experience (Bechara et al. 1994).  

 

As in the original study, the task was scheduled to end after 100 cards had been selected; 

for the purposes of analysis these were divided into 5 blocks of 20 cards in order to assess 

changes in responding patterns over the duration of the test. However, it should be noted 

that the schedule of reward contained only 60 cards for each deck, so that if a participant 

persevered with one deck s/he would eventually run out and be forced to switch to another 

deck. In this study, the method of analysis was a multi-factorial ANOVA. Within-group 

variables were Deck (“good” or “bad” deck i.e. 2 levels) and Block (5 levels), with a 

between-group variable of participant Group (4 levels). The Iowa Gambling Task was used 

in the current study to measure OFC function in order to test Hypothesis Two. 
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3.3.7.3 Faux Pas Test 

The Faux Pas Scale (Stone et al. 1998b) was used in this study as a measure of social 

function. In this test participants were read nine short stories from a booklet (one of the 

original 10 stories concerned terminal illness and was removed), a copy of which was 

placed in front of them (see Appendix 12 for an example). Each story contained an element 

where one character said or did something which was socially inappropriate. The 

participant was then asked questions that related to the socially inappropriate aspect of the 

story as well as a neutral control question. There were six outcome variables from this test: 

Correctly naming who said something socially inappropriate; explaining why it was 

awkward; explaining why he/she said something socially inappropriate; explaining how the 

interlocutor may have felt; a control question unrelated to social functioning; total number 

of items answered correctly. Individual items were scored out of nine, whilst the total score 

was out of 45.  

 

Although originally designed for use in children and adults with an Autistic Spectrum 

Disorder  (Baron-Cohen et al. 1999), this test has also been used in patients with left 

hemisphere DLPFC lesions, bilateral OFC lesions (Stone et al. 1998a), FTD, and 

Alzheimer’s Disease (Gregory et al. 2002). Patients with DLPFC lesions perform like 

healthy controls on this test, whilst patients with OFC lesions fail to recognize that 

something inappropriate has been said. Similarly, patients with FTD fail to recognize that 

something inappropriate has been said compared to healthy controls and Alzheimer’s 

Disease patients. The Faux Pas Scale was used in the current study to measure OFC 

function in order to test Hypothesis Two. 

3.3.8 Memory  

Memory for visuospatial material was assessed by the Kendrick Object Learning Test 

(KOLT) (Kendrick 1985), a short-term recall test designed as part of a battery to identify 

dementia. The battery from which the KOLT was drawn has been shown to have 100% 

specificity but only 39% sensitivity to the presence of dementia (Rai et al. 1991). 

Participants were shown four large cards, each containing an increasing number of 

drawings depicting everyday objects.  
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Participants were asked to look at each card for a fixed time period, after which the card 

was turned over and they were asked to freely recall as many objects as possible. As the test 

progressed each card contained more items and more time was allowed to look at the card, 

at a consistent rate of 3 seconds per item. The first card contained 10 items, the second card 

contained 15 items, the third contained 20 items, and the fourth card contained 25 items. 

Items were of three types: ‘Concept’ items were pictures of different animals, ‘Repeat’ 

items appeared on every card, whilst ‘Filler’ items were neither of these. The total number 

of items recalled was recorded, as were the number of intrusion errors (reporting items that 

were not present, or were present on a previous card), and the number of ‘Concept’, 

‘Repeat’, and ‘Filler’ items successfully recalled. 

 

Recognition memory was tested using the Words subtest from the Recognition Memory 

Test (RMT)  (Warrington 1984). The test normally requires participants to be shown 50 

words, but due to a fault with the test pack used, only 48 cards were present in the deck 

used for this study; thus all scores are out of a maximum of 48. This test consisted of 48 

words, presented one at a time for approximately 3 seconds each. For each card the 

participant was asked to make a judgment about each word, saying “yes” if their 

associations with the word were pleasant, or “no” if their associations with the word were 

not so pleasant. 

 

Following presentation of all 48 words participants were shown a word card consisting of 

48 pairs of items; in each pair, one word had been shown previously in the word pack. 

Participants were asked to name which word from each pair appeared in the pack of words 

shown to them moments previously. Both memory tests have previously been used by our 

research group whilst investigating cognitive change in patients with MND; one study 

found a deficit amongst ALS patients on the WRMT but not the KOLT (Abrahams et al. 

1997), whilst conversely, another found a deficit on the KOLT but not the WRMT (Kew et 

al. 1993a). Both the KOLT and WRMT were used as measures of memory in order to test 

Hypothesis One’s assertion that memory would be either spared or only mild affected in 

both patient groups. 
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3.3.9 Language  

Three tests were used to assess the domain of language functioning. The Graded Naming 

Test (McKenna and Warrington 1983), an assessment of confrontation naming, consisted of 

a book of 30 drawings which participants were asked to name. Drawings consisted of both 

high and low frequency items. The validation study showed a high correlation with NART 

scores (r=0.73, p<0.001) and the authors suggested co-varying for this in group 

comparisons. As our groups were matched for NART score, this was not deemed necessary 

in the current analysis. Reponses were recorded verbatim and one point was given for a 

correct answer with a maximum score of 30. Three previous studies of ALS patients have 

used this test; two found a naming deficit amongst ALS patients (Abrahams et al. 2004a; 

Abrahams et al. 2005a), whilst another did not (Abrahams et al. 2000). 

 

Grammatical and syntactical abilities were measured by the Test for the Reception Of 

Grammar (TROG) (Bishop 1989). This was a multiple-choice test designed for use in the 

assessment of children with learning disabilities and adults with dysphasia. In this test, 

participants were asked to match a spoken sentence with one of four line drawings on each 

of 50 pages. Items were divided into groups of four, each group testing a different type of 

grammatical structure, and were arranged in order of increasing difficulty. The test has 

good split-half reliability in children (between 0.65 and 0.85), but no similar data exist for 

adults. The authors suggest that failure on more than six blocks in adults indicates the 

presence of a language disorder (Bishop 1989). This test has been used in testing patients 

with the progressive aphasic subtype of MND (see also 2.1.6) (Bak et al. 2001; Doran et al. 

1995). Deficits amongst some ALS patients were identified on both the Graded Naming 

Test and the TROG in a previous study (Rakowicz and Hodges 1998).  

 

A recent study investigating specific language deficits in MND-dementia found a specific 

deficit in verb comprehension dissociated from noun comprehension (Bak et al. 2001). On 

this basis, a modified version of a subtest from the Psycholinguistic Assessment of 

Language Processing in Aphasia (PALPA) (Kay et al. 1992) was designed and piloted to 

dissociate noun and verb processing. Participants were presented with two pictures on each 

page of a 25-page booklet, and asked to say whether a spoken sentence matched the top 

picture or the bottom picture.  
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For 11 of the items an error represented a failure of verb processing, whilst for the other 14 

it represented a failure of noun processing. Output variables were the total number of errors 

(out of 25), verb errors (out of 11), and noun errors (out of 14). Example stimuli are 

provided in Appendix 13. The test will be referred to as the “Noun-Verb Test”. The GNT, 

TROG, and Noun-Verb Test were used as measures of language function in order to test 

Hypothesis One’s assertion that language would either be spared or only mild affected in 

both patient groups.  

3.3.10 Visuospatial Perception 

Visuospatial skills were assessed by two subtests from the Visual Object & Space 

Perception battery (VOSP, Incomplete Letters and Position Discrimination) (Warrington 

and James 1991) and the Judgment of Line Orientation test (Benton 1983). In the VOSP 

Incomplete Letters subtest participants were asked to name 20 degraded letters. In the 

Position Discrimination subtest participants were presented with 20 drawings of two boxes, 

each of which contained a single dot. For each page the participant was asked to identify 

the box in which the dot was located exactly in the centre. One previous study of ALS 

patients found no deficits on this test (Talbot et al. 1995).  

 

The Judgement of Line Orientation (JLO) test was originally designed to identify patients 

with right hemisphere brain damage. Participants were presented with a 30 page booklet. 

On the top part of each page were two short lines (1.9cm), which corresponded to 11 long 

(3.8cm) numbered lines on the bottom part of the page. For each trial participants were 

asked to name the two lines from the bottom of the page which corresponded with the lines 

at the top of the page. There are two forms of the test, H and V. In the current study form H 

was used. Split-half reliability is excellent (0.91), as is test-retest reliability (0.90) (Benton 

et al. 1978). Raw scores were recorded for all participants, with a maximum score of 30.  

Previous studies in ALS patients found no deficits on this test (Hanagasi et al. 2002; 

Massman et al. 1996; Abrahams et al. 2004a). Both the VOSP and JLO were used as 

measures of visuospatial perception in order to test Hypothesis One’s assertion that this 

function would be spared in both patient groups. 
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3.3.11 Everyday Cognitive and Behavioural Change 

3.3.11.1 Short Inventory of Minor Lapses (SIML) 

The Short Inventory of Minor Lapses (SIML) (Reason 1995) is a 15-item questionnaire, 

asking the participant to endorse the extent to which they agree with statements (on a scale 

of 1-5) relating to common everyday slips and memory lapses, with a total score out of 75. 

Higher scores represent a higher frequency of lapses. It has been used to identify cognitive 

decline in older adults and to identify individuals at risk of causing accidents (Reason 

1995). Another application has been in examining lapses and slips in relation to stressors; 

amongst breast cancer patients, score on the SIML was the most significant predictor of 

psychiatric morbidity in the following four months (Reason 1995). The authors 

hypothesized that psychological stress occupies limited attentional resources and causes the 

use of less effective coping measures. The instrument has been demonstrated to have 

adequate test-retest reliability (r=0.69) and has been used in other studies of ALS  

(Goldstein et al. 2002; Abrahams et al. 2005b). The SIML was used as a measure of 

everyday dysfunction to test Hypothesis Three. 

3.3.11.2 Manchester Behavioural Questionnaire (MBQ) 

The Manchester Behavioural Questionnaire (MBQ) (Bathgate et al. 2001b) is a carer-rated 

behavioural interview examining behavioural changes such as impaired social functioning, 

repetitive behaviour, and over-eating associated with different forms of dementia (Snowden 

et al. 2001). Respondents were asked to say whether each item had manifested as a change 

in the patient’s behaviour since the onset of their symptoms; they were told not to endorse 

pre-existing personality traits that had always been present. Following administration to a 

pilot sample (n=15) the questionnaire was modified to remove questions that were unlikely 

to be validated in ALS patients who were not demented (e.g. hallucinations, hypersexuality, 

taking food from others’ plates) or that could be confounded with physical symptoms (e.g. 

mutism) (see Appendices 14 & 15). This was partly in order to shorten the length of the 

carer interview but also to avoid carer distress by describing severe neuropsychiatric 

symptoms. Rather than make a diagnosis through the use of cut-off scores, the aim was to 

compare the behavioural profile of ALS patients with those reported by (Snowden et al. 

2001) for the disinhibited form of FTD, and the apathetic form of FTD. The MBQ was used 

as a measure of behaviour change and everyday dysfunction to test Hypothesis Three. 
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3.3.11.3 Dysexecutive Questionnaire (DEX) 

The Dysexecutive Questionnaire (DEX) (Wilson et al. 1996) is part of the Behavioural 

Assessment of Dysexecutive Syndrome (BADS) battery. The DEX has two versions; self- 

and carer-rated. Both versions are a 20-item questionnaire relating to behavioural change 

thought to be associated with the frontal lobes such as impulsivity, perseveration, lack of 

concern, and restlessness. Higher scores represent higher levels of dysexecutive function.  

The authors do not report reliability or cut-off scores, but do provide percentile scores. 

They state that carers tended to rate a sample of neurological patients higher on the DEX 

than they rated themselves, suggesting a loss of insight in the patients. The DEX has also 

been used in previous studies of ALS (Barson et al. 2000; Goldstein et al. 2002). The DEX 

was used as a measure of everyday dysfunction to test Hypothesis Three. 

3.3.11.4 Frontal Systems Behaviour Scale (FRSBE) 

Like the DEX, the Frontal Systems Behaviour Scale (FRSBE) (Grace and Malloy 2001) 

consists of both self- and carer-rated versions. Each consists of 46 statements reflecting 

three aspects of dysexecutive function. These have been categorized on the basis of factor 

analysis into “Apathy”, “Dysexecutive Function”, and “Disinhibition”. Participants and 

their carers were asked separately to respond to each statement on a 1-5 scale as applying to 

the person with MND both before and after the onset of illness. Control participants were 

asked to rate themselves at the current time and retrospectively as they would have rated 

themselves two years prior to testing.  

 

The FRSBE has good internal consistency overall and for its three factors (overall 

Cronbach’s α=0.92, Apathy α=0.78, Disinhibition α=0.80, Dysexecutive Function=0.87), as 

well as good test-retest reliability (0.78) (Malloy and Grace 2005). Raw scores for each 

subscale were converted to T-Scores by using normative data given in the FRSBE manual 

for participants, graded by age, gender, and years of education. Scores falling above a cut-

off T-Score of 65 were taken to be clinically significant, with scores of 60-64 indicating 

borderline clinical impairment. The FRSBE has been used to differentiate behavioural 

changes in patients with frontal lobe lesions compared to non-frontal brain damage, and has 

been used to differentiate differing behavioural profiles in dementias such as AD, 

Huntington’s disease, and PD-related dementia (Malloy and Grace 2005).  
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A recent study using the FRSBE with Multiple Sclerosis patients found significant Pearson 

correlations between FRSBE post-illness ratings and performance on neuropsychological 

tests including verbal fluency, confrontation naming, and the WCST (Chiaravalloti and 

DeLuca 2003). The FRSBE was used as a measure of behaviour change and everyday 

dysfunction to test Hypothesis Three. 

3.3.12 Measures of Emotional Change 

3.3.12.1 Emotional Lability 

To assess the degree of emotional lability demonstrated by the person with ALS, both the 

self-rated and carer-rated versions of the Emotional Lability Questionnaire (ELQ) 

(Newsom-Davis et al. 1999) (see Appendix 16) were used. The questionnaire assessed the 

level of emotional lability in domains of laughter, crying, and smiling over the preceding 

four weeks. Each section had a screening question asking if there had been any “sudden 

episodes” or laughter/crying/smiling in the past four weeks, and if so, how often. If the 

participant endorsed “never” the following section was omitted, otherwise s/he answered 10 

further questions relating to the nature and duration of the emotional episodes. The ELQ 

was validated using a sample of 43 patients with ALS and 43 matched healthy controls 

(Newsom-Davis et al. 1999).  

 

Spearman’s rank correlations showed good agreement between total score and the separate 

domains of laughter (r=0.727, p<0.0001), crying (r=0.822, p<0.0001), and smiling 

(r=0.422, p=0.005). Spearman’s rank correlations were also used to assess the level of 

agreement between patients and their carers for the total score (r=0.368, p=0.023), crying 

(r=0.435, p=0.006), and laughter (r=0.341, p=0.036). In defining “caseness” for emotional 

lability, the original cut-off scores from the tests’ authors were given as 9 or above for 

crying, 8 or above for laughing (Newsom-Davis et al. 1999). However, no cut-off was 

provided for smiling as it was not identified in their sample. In the current sample, taking 

the cut-off scores to be two standard deviations above that of the mean of the control 

participants’ scores generates the following cut-off values for the self-rated scale: ELQ 

Laughing = 8, ELQ Crying = 5, ELQ Smiling = 5, Total = 11.  
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Each domain has a maximum score of 31 yielding a total maximum score of 93, with 

higher scores reflecting higher levels of emotional lability. The carer-rated and self-rated 

versions of the ELQ were identical except that the statements were phrased to refer to the 

patient in the carer-rated version. The ELQ was included as a measure of emotional lability 

to test Hypothesis 4.  

3.3.13 Method of Interviewing Carers 

For the carer-rated versions of the DEX, FRSBE, MBQ, and ELQ, carers were taken to a 

separate room to be interviewed, usually when the patient was completing the RSPM test. 

They were presented with a carer information consent sheet (see Appendix 17) which 

outlined the study and gave them the opportunity to ask questions. Care was taken to make 

sure this interview took place out of earshot of the ALS patient or other family members, 

and carers were reminded that their responses would remain confidential.  

The carer interview took 20 minutes to complete. Relatives of control participants were not 

interviewed.  

3.3.14 Statistical Procedures 

3.3.14.1 Power Analysis 

Previous research on the Wvfi suggested a mean of 5.2 (s.d.=2.8) for controls and 10.1 

(s.d.=7.4) for Sporadic ALS patients (Abrahams et al. 1997; Abrahams et al. 2000; 

Abrahams et al. 2003). As data on the performance of Familial ALS patients were not 

available, estimates were made to complete a power analysis. It was predicted that Familial 

ALS patients would perform less well than sporadic ALS patients, estimated as an index of 

11.0 (s.d.=5.0). Using the means for each group given above, and an estimated common 

standard deviation of 5, a one-way analysis of variance was shown using NQuery 4.0 to 

have 80% power to detect at the 0.05 level a difference in means characterised by a 

variance in means of 6.123 given the following group sizes: 20 Controls, 20 Sporadic ALS 

patients, and 3 Familial ALS patients. The technique used was an unequal-n analysis of 

variance, which took into account the fact that Familial ALS account for approximately 

only 5% of the ALS population.  

 

 



 102 

This power analysis reflected the minimum number of participants that would have to be 

recruited to have an 80% chance of identifying the most frequently replicated finding in the 

ALS literature. Therefore it was decided to recruit a larger number of participants as it was 

not possible to estimate the effect size for some of the more experimental measures to be 

employed.  

3.3.14.2 Treatment of missing data 

Missing data were excluded from individual analyses but cases remained in the dataset. 

Due to the range of physical disabilities inherent in the MND population a number of 

patients were unable to carry out tasks involving speech or handwriting. Furthermore, 

technical problems with some tasks and running out of time during a testing session caused 

a loss of data in some instances (see individual results for details). 

3.3.14.3 Statistical analyses 

For main between-group analyses, a one-way Analysis Of Variance (ANOVA) was used to 

identify the significance of Group in the variance of test scores across all three  groups. In 

the case of the Iowa Gambling Task, a 3x2x5 Factorial ANOVA was carried out for Group 

x Deck x Block. Analysis of the FRSBE used a repeated measures 2x2x2 ANOVA for 

Group (Sporadic ALS vs. Familial ALS), Time (pre vs. post-illness) Time x Group and 

Rater (self vs. carer) on each of the three subscales. Pearson’s Chi-Square test was used to 

identify differing proportions of experimental groups considered to be clinically impaired 

on the FRSBE. In identifying appropriate analyses for statistical testing, data were assessed 

for normality by using histograms to visually assess deviation from the normal distribution, 

and by using the “Explore” function in SPSS 12.0 for Windows to assess skewness.  

 

Positively skewed data with a skewness score of ±2 were transformed using a x10 

Logarithmic function, then subsequently reevaluated for homogeneity of variance. 

Negatively skewed data were first ‘reflected’ by adding one then subtracting the score from 

the highest possible value, then transformed using a x10 Logarithmic function. Non-

normally distributed, nominal, or ordinal data were compared using the non-parametric 

Kruskal-Wallis test.  
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Where ANOVAs or Kruskal-Wallis tests revealed an effect of Group of p<0.05, post-hoc 

analyses were performed using the Bonferroni correction to account for multiple 

comparisons, or Mann-Whitney U tests in the case of nonparametric data. Alpha level was 

set prior to analyses at p=0.05 for between-group analyses and planned comparisons for 

post-hoc analysis.  

3.4 Results 

3.4.1 Participant characteristics 

3.4.1.1 Sample Size 

Testing took place between January 2003 and February 2005. In all, 102 participants were 

recruited and successfully completed neuropsychological testing. Of these, 10 participants 

were subsequently excluded from the analysis for reasons that only became apparent during  

testing: High blood pressure (7); History of alcoholism (1); Profound disability making 

testing difficult (1), High-IQ Control removed for matching purposes (1).  

3.4.1.2 Demographic Variables 

Table 3.1 gives a summary of the groups’ demographics/characteristics. No significant 

differences were found between groups for mean values of age, or years of education using 

one-way ANOVAs. The ratio of males to females was not significantly different across 

groups on a χ
2
 test. There was, however, a significant effect of Group for mean HADS 

Depression scores, with a post-hoc Bonferroni analysis revealing that Sporadic ALS 

patients were significantly more depressed than control participants (mean difference = 

1.461, 95% CI = 0.16 – 2.77, p=0.023). Although mean scores were very low (well below 

clinical levels) for all groups on the HADS D, due to the between-group difference this 

measure was used as a covariate for subsequent analyses on all measures which were found 

to correlate with this score. A list of these measures is provided in Table 3.2.  
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Table 3.1: Demographics of experimental groups (Means (s.d)) 

 Familial 

ALS 

Sporadic 

ALS 

Controls (df) F / χ
2
 p 

N 15 41 35   

Age 52.00      

(7.7) 

53.59     

(10.6) 

51.86 

(10.5) 

(2,88)=0.309 0.735 

Gender M:F
†
 8:7 26:15 22:13 (2)=0.513 0.774 

Years of Education 12.40  

(2.3) 

14.07  

(4.3) 

14.09  

(3.4) 

(2,88)=1.275 0.285 

Marital Status*
†
 10/0/2/3/0 30/5/5/0/1 25/3/3/2/1 (8)=10.524 0.230 

HADS Depression 

Score 

1.73    

(1.9) 

2.72    

(2.9) 

1.26    

(1.5) 

(2,86)=3.834 0.025 

HADS Anxiety Score 4.93    

(4.7) 

4.90    

(2.7) 

4.23    

(2.4) 

(2,86)=0.532 0.590 

p values from one-way ANOVA except 
†
χ

2
 test,  

*Frequency counts of: Married/Long Term Relationship/Single/Divorced/Widowed 

 

All participants were white Caucasian except for the following, as classified by the 

experimenter: (2) Indian (1 SALS, 1 Control), (2) Black British (1 SALS, 1 Control), (1) 

Chinese (FALS).  
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Table 3.2: Correlates of HADS D Score 

r with HADS D 

(p value) 

All Data 

(n=91) 

Familial ALS 

(n=15) 

Sporadic 

ALS (n=41) 

Controls 

(n=35) 

Category Fluency 

Index* 

0.226 

(0.040) 

0.093  

(0.762) 

0.404 

(0.016) 

0.053 

(0.762) 

Raw Hayling Error 

Score 

-0.050 

(0.655) 

-0.112  

(0.716) 

-0.237 

(0.164) 

0.346 

(0.042) 

VDLT Reversal 

Trials after First 

Reversal* 

0.086 

(0.432) 

0.582 

(0.029) 

0.199 

(0.231) 

-0.271 

(0.127) 

VDLT Reversal 

Errors of 

Commission* 

0.164 

(0.134) 

0.630 

(0.016) 

0.277 

(0.092) 

-0.198 

(0.269) 

GNT Score -0.291 

(0.006) 

-0.009  

(0.976) 

-0.287 

(0.077) 

-0.089 

(0.613) 

VOSP Score 

(Position 

discrimination)* 

-0.019 

(0.861) 

-0.536  

(0.040) 

-0.010 

(0.953) 

0.157 

(0.368) 

DEX 0.258 

(0.015) 

0.749  

(0.001) 

0.218 

(0.183) 

0.093 

(0.597) 

FRSBE Post-Illness 

Apathy T-Score 

0.608 

(<0.001) 

0.748  

(0.002) 

0.745 

(<0.001) 

0.356 

(0.036) 

FRSBE Post-Illness 

Disinhibition T-Score 

0.207 

(0.053) 

0.747 

(0.002) 

0.140 

(0.394) 

0.036 

(0.839) 

FRSBE Post-Illness 

Dysexecutive T-Score 

0.310 

(0.003) 

0.609  

(0.021) 

0.296 

(0.067) 

0.153 

(0.380) 

FRSBE Post-Illness 

Total T-Score 

 

 

 

0.479 

(<0.001) 

0.757  

(0.002) 

0.591 

(<0.001) 

0.245 

(0.155) 
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r with HADS D 

(p value) 

 

All Data 

(n=91) 

 

Familial ALS 

(n=15) 

 

Sporadic 

ALS (n=41) 

 

Controls 

(n=35) 

Carer FRSBE Post-

Illness Apathy T-

Score 

0.316 

(0.032) 

0.043  

(0.888) 

0.406 

(0.019) 

n/a 

Carer FRSBE Post-

Illness Total T-Score 

0.267 

(0.073) 

-0.012  

(0.968) 

0.361 

(0.039) 

n/a 

Raven’s SPM -0.229 

(0.036) 

-0.402  

(0.155) 

-0.377 

(0.025) 

0.040 

(0.819) 

ELQ Laughter 

(Self-rated) 

0.259 

(0.006) 

0.507   

(0.54) 

0.158 

(0.337) 

0.161 

(0.354) 

ELQ Smiling 

(Self-rated)* 

0.278 

(0.008) 

0.453  

(0.090) 

0.248 

(0.127) 

0.239 

(0.167) 

ELQ Total 

(Self-rated) 

0.314 

(0.003) 

0.731  

(0.002) 

0.122 

(0.461) 

0.344 

(0.043) 

r values are for Pearson’s correlations except for * Spearman’s correlations. Significant 

correlations are shown in bold. HADS D: Hospital Anxiety and Depression Scale 

(Depression Subscale), VFI: Verbal Fluency Index, GNT: Graded Naming Test, VDLT: 

Visual Discrimination Learning Test, VOSP: Visual Object & Space Perception Battery, 

DEX: Dysexecutive Questionnaire, FRSBE: Frontal Systems Behaviour Scale, ELQ: 

Emotional Lability Questionnaire 

 

3.4.1.3 Clinical Variables 

Table 3.3 presents a summary of the clinical groups’ profile of disease. Mann-Whitney U 

tests showed that Familial ALS patients had a longer duration of disease than patients with 

Sporadic ALS. Despite this, both groups were well matched on a measure of functional 

disability, the ALSFRS-R, suggesting that patients with a longer duration most likely had a 

slowly progressive form of the disease but were clinically comparable in terms of disability. 
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Table 3.3: Clinical features of disease (Means (s.d)) 

 Familial ALS Sporadic ALS U / (df) χ
2
 p 

Disease Duration (months)
 
 66.33 

(76.4) 

25.8 

(19.4) 

171.0 0.011 

Months between onset & 

diagnosis
1 

40.73 

(73.2) 

17.15 

(18.2) 

265.5 0.436 

ALSFRS-R Score 37.53 

(4.1) 

38.34 

(4.1) 

278.5 0.590 

Limb : Bulbar Onset (N)* 13:2 36:5 (1) 0.013 0.909 

p values from Mann-Whitney U Test,
 
except for *Pearson χ

2 
test

 
, 

1
Transformed using 

LOGx10 for Skewness, ALSFRS-R: ALS Functional Ratings Scale – Revised. 

 

Medication usage, shown in Table 3.4 did not differ significantly between groups, although 

there was a non-significant trend for Sporadic ALS patients to be more likely to be taking 

vitamin supplements.  

 

Table 3.4: Medication Usage 

 Familial 

ALS 

Sporadic 

ALS 

Controls (df) χ
2
 p 

Taking Riluzole? 

Y/N 

12/3 30/11 N/A (1) 0.268 0.604 

Taking  SSRI? Y/N 1/14 3/37 0/35 (2) 2.597 0.273 

Taking Vitamins? 

Y/N 

4/11 18/23 7/28 (2) 5.135 0.077 

p values from Pearson’s χ
2
 test , SSRI: Serotonin-Specific Reuptake Inhibitor 

3.4.1.4 Estimated premorbid IQ and current general intellectual ability 

Results are shown in Table 3.5. As HADS D was found to be correlated with RSPM total 

score, this was entered as a covariate in the ANCOVA below (uncorrected F((2,81)=1.211, 

p=0.303). Three Sporadic ALS patients and one Familial ALS patient were unable to carry 

out the NART due to dysarthria. Six Sporadic ALS patients and one Familial ALS patient 

were unable to complete the RSPM due to lack of time in the testing session.  
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 Table 3.5: Estimates of Premorbid IQ and General Intellectual Ability (Means (s.d)) 

 Familial 

ALS 

Sporadic 

ALS 

Controls (df) F p 

N 14 38 35   

NART Score 

(Correct) 

28.79 

(10.1) 

32.42 

(7.4) 

35.26   

(9.5) 

(2,84)=2.895 0.061 

Predicted Full 

Scale IQ 

105 

(12.7) 

109   

(9.3) 

113    

(11.7) 

(2,84)=2.918 0.060 

N 14 35 35   

RSPM Score§ 45.64 

(5.6) 

48.11 

(6.5) 

49.00   

(7.5) 

(2,80)=1.249 0.292 

RSPM Predicted 40.32 

(6.5) 

41.43 

(4.7) 

43.4     

(5.3) 

(2,79)=2.062 0.134 

RSPM Discrepancy 5.62   

(4.9) 

6.56  

(5.7) 

5.63     

(7.3) 

(2,77)=0.209 0.812 

RSPM Z-Score 0.93  

(0.7) 

1.03  

(0.9) 

0.90     

(1.1) 

(2,77)=0.188 0.829 

p values from One-Way ANOVA. NART: National Adult Reading Test, RSPM: Raven’s 

Standard Progressive Matrices, RSPM Discrepancy = actual – predicted score,                 

§Corrected model co-varying for HADS D score. 

 

Using the technique described in Section 3.3.4.2, no participants were considered to be 

demented as revealed by a NART-RSPM Discrepancy Z-Score of less than z<-2.326. A 

One-Way ANOVA found a trend towards between-group differences on NART (correct) 

scores and NART predicted Full Scale IQ  
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3.4.2 Standard Measures of Executive Function 

3.4.2.1 Wisconsin Card Sorting Test 

Results are shown in Table 3.6. Group was not a significant factor in any of the outcome 

measures recorded. This was contrary to expectations and fails to support Hypothesis One. 

Due to equipment malfunction, data were lost for one Sporadic ALS patient, one Familial 

ALS patients, and two control participants. The number of perseverative errors and trials to 

first category were not recorded for one Sporadic ALS patient and one control participant 

due to a mistake during data collection.  

 

Table 3.6: Means (s.d) for the Wisconsin Card Sort Test 

 Familial 

ALS 

Sporadic 

ALS 

Controls (df) F p 

n 14 40 33   

Categories 

Achieved 

4.50     

(1.8) 

4.05     

(2.1) 

4.30     

(2.1) 

(2,84)=0.296 0.745 

Total Errors 40.93 

(23.8) 

49.78 

(25.2) 

41.18 

(25.1) 

(2,84)=1.306 0.276 

Perseverative 

Errors 

21.50 

(16.6) 

27.43 

(18.0) 

22.55 

(17.6) 

(2,84)=0.955 0.389 

Trials to First 

Category
1
 

25.71 

(33.4) 

18.21 

(16.4) 

16.94   

(8.9) 

(2,82)=0.290 0.749 

p-values from One-Way ANOVA 
1
Transformed using LOGx10 for Skewness 

3.4.2.2 Verbal Fluency 

The results are shown in Table 3.7. Group was a significant factor for performance on the 

Verbal Fluency Index (VFI). Post-hoc Bonferroni analysis found that Familial ALS patients 

were significantly worse than controls on this task (mean difference= 5.2, 95% CI= -1.00 – 

8.52, p=0.028). In addition, non-significant between-group trends were observed on the 

Fluency Index for “S Words” and “4-Letter C Words”. Inspection of the means indicate 

that the Familial ALS patients appeared to  do worse than the other groups on these tasks, 

which lends support to Hypothesis One. 
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There was no significant effect of Group on performance of the Category Fluency Index. 

As this score was found to be correlated with the HADS D, it was entered as a covariate in 

the ANOVA shown below; the uncorrected values were (F(2,81)=0.091, p=0.913). Due to 

hand weakness, data were unobtainable for six Sporadic ALS patients, and two Familial 

ALS patients. Due to a mistake during data collection, the Verbal Fluency Index was not 

obtained for one Sporadic ALS patient. 

 

Table 3.7: Means (s.d) for Verbal Fluency and Category Fluency Indices 

 Familial 

ALS 

Sporadic 

ALS 

Controls (df) F p 

n 13 35 35   

Verbal Fluency Index
1 11.46  

(9.5) 

7.70    

(6.7) 

6.26    

(2.9) 

(2,80)=3.548 0.033 

S Words Fluency 

Index
1 

8.1      

(6.9) 

5.21     

(4.9) 

4.20     

(2.1) 

(2,81)=2.907 0.060 

4-Letter C Word 

Fluency Index
1 

21.0   

(19.5) 

14.4   

(12.9) 

11.4     

(6.4) 

(2,81)=2.413 0.093 

Category
 
Fluency 

Index (Animals)
1
§

 

2.78    

(2.2) 

2.43    

(2.2) 

1.98    

(1.1) 

(2,79)=0.100 0.905§ 

p-values from One-Way ANOVA 
1
Transformed using LOGx10 for Skewness 

§ Corrected model co-varying for HADS D score. 

3.4.2.3 Stroop Test 

The results for the Stroop Test are shown in Table 3.8. There was a significant effect of 

Group on the speed of reaction time across all conditions. A post-hoc Bonferroni test 

revealed that Sporadic ALS patients were slower than control participants on the control 

task (mean difference= 62ms, 95% CI= 10.06-113.87, p=0.014). However, when the speed 

of speech production was controlled for by subtracting the mean time taken to name the 

colours of control Xs  from the mean time taken to name the colours of Stroop words, there 

was no significant effect of Group. When mean time taken to name the colours of Stroop 

words was subtracted from the mean time taken to the name the colours of Negative 

Priming words there was no significant effect of Group.  
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This was contrary to expectations and fails to support Hypothesis One. Due to dysarthria 

and equipment failure, data were unobtainable for three Sporadic ALS patients, two 

Familial ALS patients, and two control participants.  

 

Table 3.8: Means (s.d) for Stroop Test 

 Familial 

ALS 

Sporadic 

ALS 

Controls (df) F p 

N 13 38 33   

Time to name colours 

- Control X’s (ms)
1
 

571.92 

(96.8) 

506.32 

(66.5) 

505.27 

(67.3) 

(2,81)=4.649 0.012 

Time to name colours 

- Stroop Words(ms)
1
 

709.62 

(118.8) 

707.55 

(124.9) 

634.94 

(107.9) 

(2,81)=3.614 0.031 

Time to name colours 

- Negative Priming 

Words (ms)
1
 

730.08 

(126.1) 

737.26 

(127.6) 

661.42 

(108.4) 

(2,81)=3.419 0.038 

Stroop Effect (ms)
1
 137.69 

(38.8) 

143.42 

(58.8) 

129.88 

(69.3) 

(2,81)=0.482 0.620 

Negative Priming 

Effect (ms)
1
 

 

20.46 

(22.5) 

29.68 

(37.0) 

26.64 

(30.0) 

(2,81)=0.676 0.512 

p-values from One-Way ANOVA, 
1
Transformed using LOGx10 for Skewness 

Stroop Effect = Time to name Stroop words – time to name colours of Control X’s 

Negative Priming = Time to name colours of negative priming words – time to name 

colours of Stroop words. 

3.4.2.4 Hayling Sentence Completion Test 

Results are shown in Table 3.9. There was an effect of Group on the time taken to generate 

words in the Response Initiation and Response Suppression conditions. A post-hoc 

Bonferroni test revealed that Familial ALS patients were more impaired than controls on 

both Response Initiation (mean difference= 10s, 95% CI= 2.60-17.45, p=0.005) and 

Response Suppression (mean difference= 27s, 95% CI= 2.61-50.88, p=0.039).  
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When the times taken to complete sentences were converted into scaled scores using the 

test manual, these differences remained significant. However, when the speed of speech 

production was controlled by subtracting the mean time taken for Response Initiation from 

the mean time taken for Response Suppression  (‘Latency’), there was only a trend towards 

a significant effect of Group. As Familial ALS patients had the slowest time for word 

production in all conditions, this finding lends a degree of support to Hypothesis One. 

There was no significant effect of Group on the raw error scores on Response Suppression, 

and as this score was correlated with HADS D, this was entered as a co-variate in the 

ANOVA below (uncorrected (F(2,83)=1.454, p=0.239). Due to dysarthria, data were 

unobtainable for three Sporadic ALS patients, and two Familial ALS patients. 

3.4.3 Experimental Measures of OFC Dysfunction 

3.4.3.1 Visual Discrimination Test  

The results for the test of visual discrimination (including reversal learning and extinction 

learning components) are shown in Table 3.10. There was no significant effect of Group on 

any outcome measure of the Visual Discrimination test. This was contrary to expectations 

and fails to support Hypothesis Two. As ‘trials after first reversal’ and ‘reversal errors of 

commission’ scores were found to be correlated with the HADS D, they were each entered 

as a covariate in the ANCOVA shown below (uncorrected values were (F(2,84)=0.100 

p=0.905) and (F(2,84)=0.099, p=0.906) respectively). As reported in Section 3.3.7.1, errors 

of commission on the visual discrimination test had previously been associated with higher 

levels of behavioural disinhibition (Rolls et al. 1994).  
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Table 3.9: Means (s.d) for Hayling Sentence Completion Test 

 Familial 

ALS 

Sporadic 

ALS 

Controls (df) F p 

N 13 38 35   

Response Initiation 

Time (s) 

15.54 

(15.6) 

9.58   

(9.5) 

5.51   

(5.4) 

(2,83)=5.658 0.005 

Response Suppression 

Time (s) 

53.54 

(49.9) 

26.79 

(24.6) 

30.86 

(27.7) 

(2,83)=3.750 0.028 

Latency (s)  38.0 

(39.9) 

17.21 

(24.3) 

25.34 

(25.3) 

(2,83)=2.885 0.061 

Raw Hayling Error 

Score§ 

9.62   

(9.3) 

6.71   

(8.9) 

5.00   

(7.5) 

(2,80)=1.168 0.199§ 

Hayling Scaled 

Response Initiation 

Score 

4.92  

(1.4) 

5.47   

(1.0) 

5.89   

(0.6) 

(2,83)=5.500 0.006 

Hayling Scaled 

Response Suppression 

Score 

5.08 

(1.7) 

5.87   

(0.7) 

5.74   

(0.9) 

(2,83)=3.295 0.042 

Hayling Scaled Error 

Score 

5.38  

(1.8) 

6.11   

(1.9) 

6.77  

 (2.6) 

(2,83)=2.094 0.130 

Hayling Total Scaled 

Score 

15.38 

(2.2) 

17.45 

(2.2) 

17.77 

(2.9) 

(2,83)=3.339 0.040 

p-values from One-Way ANOVA. § corrected model co-varying for HADS D score.  
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Table 3.10: Means (s.d) for Visual Discrimination Test 

 Familial 

ALS 

Sporadic 

ALS 

Control  (df) F/ χ
2
 p 

Reversal, n= 14 40 33   

Trials to first reversal
1 15.29 

(8.8) 

13.63 

(8.5) 

14.27 

(7.8) 

(2,84)=0.290 0.827 

Trials after first 

reversal
1
§

 

41.5 

(20.2) 

43.68 

(25.6) 

39.88 

(13.3) 

(2,81)=0.078 0.925 

Last error trial before 

second reversal
1 

7.5 

(10.3) 

8.85 

(13.2) 

7.55 

(12.2) 

(2,84)=0.190 0.827 

Errors of 

commission
1
§

 

4.14 

(4.8) 

5.50   

(7.1) 

4.30  

(3.9) 

(3,81)=1.529 

 

0.213 

 

Extinction, n= 14 34 33   

Trials to extinction
1 11.43 

(3.8) 

13.74 

(10.2) 

10.85 

(2.5) 

(2,78)=1.160 0.319 

Trials after extinction
1 20.36 

(12.7) 

19.0   

(8.4) 

18.33 

(5.7) 

(2,84)=0.190 0.827 

Last error trial after 

extinction
 

13.36 

(14.2) 

11.38 

(9.2) 

10.00 

(5.8) 

(2,78)=0.198 0.821 

Errors of 

commission
1
§

 

5.93 

(6.5) 

4.94   

(3.7) 

4.94  

(3.1) 

(2,81)=0.184 0.832 

p-values from One-Way ANOVA except 
†
χ

2
 test, 

1
Transformed using LOGx10 for 

Skewness, § corrected model co-varying for HADS D score 

3.4.3.2 Iowa Gambling Task 

On the Iowa Gambling Task, a 3 (Group) by 2 (Deck: ‘good’ vs. ‘bad’) by 5 (Block) 

ANOVA on the number of cards chosen from each deck revealed a significant effect of 

Deck (F (1, 83) = 7.662, p=0.007) and a significant Block by Deck interaction (F (4, 80) 

=7.295, p<0.0001). All participants, regardless of group, had a tendency to choose more 

‘good’ decks as opposed to ‘bad’ decks as the test progressed.  
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This is illustrated in Figure 3.1. However, there was only a non-significant trend for the 

between-subjects effect of Group (F(2,83)=2.499, p=0.088); there was no significant 

interaction of Group x Deck (F(2, 83) = 0.558, p=0.574), Group x Block (F(4, 166)=1.511, 

p=0.201), or Group x Deck x Block (F(8, 162)=0.357, p=0.942). Therefore, the null 

hypotheses that performance on the Iowa Gambling Task was similar across all 

experimental groups cannot be rejected. This was contrary to expectations and fails to 

support Hypothesis Two. 

 

Figure 3.1: Choice of Bad Decks (from maximum of 20) on the Iowa Gambling Task 

across 5 blocks of 20 selections 
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3.4.3.3 Faux Pas Scale 

Results for the Faux Pas Scale are shown in Table 3.11. Four Sporadic ALS Patients and 

two Familial ALS patients were unable to complete the task due to dysarthria. Written 

answers were not permitted as it was felt that this would change the nature of the test by 

giving participants more time to refer back to the text. A One-Way ANOVA identified no 

significant effect of Group on any of the outcome measures. This was contrary to 

expectations and fails to support Hypothesis Two. 

 

Table 3.11: Means (s.d) for Faux Pas Scale 

 Familial 

ALS 

Sporadic 

ALS 

Controls (df) F p 

n 13 37 35   

Correct naming 

of person at fault
1
  

7.62      

(1.8) 

8.43      

(1.0) 

8.29      

(1.4) 

(2,82)=1.822 0.168 

Why was it 

awkward?
1 

7.69      

(1.5) 

8.11      

(1.5) 

8.17      

(1.4) 

(2,82)=0.287 0.751 

Why did he/she 

say it?
1 

6.85      

(2.1) 

7.54      

(2.0) 

7.57      

(2.2) 

(2,82)=0.290 0.749 

Correctly 

explained 

feelings
1 

7.85      

(1.5) 

8.49      

(1.0) 

8.51      

(1.2) 

(2,82)=1.342 0.267 

Control question
1 8.08      

(1.8) 

8.68      

(0.8) 

8.43      

(1.2) 

(2,82)=1.392 0.254 

Total Score ( out 

of 45)
1 

38.08     

(8.0) 

41.24     

(5.4) 

40.97    

(6.6) 

(2,82)=1.125 0.330 

All scores from a maximum of 9 except for total score out of 45. p-values from One-Way 

ANOVA, 
1
Transformed using LOGx10 for Skewness 
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3.4.4 Memory 

Results for the KOLT and WRMT are shown in Table 3.12. There was no significant effect 

of Group on any outcome measure from either test. Hence there were no deficits of memory 

function. Due to human error during data collection, data were not obtained for one 

Sporadic ALS patient. 

 

Table 3.12: Means (s.d) for KOLT and WRMT 

 Familial 

ALS 

Sporadic 

ALS 

Controls (df) F p 

n 15 40 35   

KOLT 

Raw Score 

44.0     

(6.7) 

42.78    

(7.3) 

44.31   

(7.4) 

(2,87)=0.448 0.640 

KOLT 

Concept 

Items 

9.67     

(1.4) 

9.63     

(2.3) 

9.97     

(2.4) 

(2,87)=0.251 0.779 

KOLT 

Repeat 

Items 

16.33    

(4.2) 

16.1     

(2.8) 

16.49    

(3.3) 

(2,87)=0.131 0.877 

KOLT 

Filler 

Items 

17.8      

(3.1) 

17.17    

(4.1) 

17.80   

(4.3) 

(2,87)=0.267 0.767 

KOLT 

Intrusion 

Items 

2.07      

(1.6) 

2.13      

(2.1) 

2.26     

(2.0) 

(2,87)=0.064 0.938 

WRMT 

Raw 

Score
1
 

45.27    

(2.8) 

44.98    

(3.9) 

45.89   

(3.9) 

(2,88)=0.388 0.679 

KOLT: Kendrick Object Learning Test, WRMT: Warrington Recognition Memory Test p-

values from One-Way ANOVA, 
1
Transformed using LOGx10 for Skewness 
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3.4.5 Language 

Results for the GNT, TROG, and Noun-Verb test are shown in Table 3.13. There was a 

significant effect of Group on GNT performance when co-varying for HADS D score 

(uncorrected: F(2,86)=5.070, p=0.008). A post-hoc Bonferroni test revealed that Sporadic 

ALS patients performed more poorly than control participants (mean difference= 2.6 

points, 95% CI= 0.61-4.65, p=0.017).  

 

Kruskal-Wallis tests were used as Noun-Verb test scores failed to reach parametric 

assumptions following LOG10 transformation. There was no significant effect of Group on 

any outcome measure for the TROG or the Noun-Verb test. Although there was a deficit on 

confrontation naming, grammatical comprehension and noun-verb dissociation remained 

intact, suggesting a mild profile of language impairment relative to dysexecutive function. 

This finding supports Hypothesis One. Data were not obtained for one Sporadic ALS 

patient and one Familial ALS patient due to lack of time available in the testing session. 

Table 3.13 Means (s.d) for Language Tests 

 Familial 

ALS 

Sporadic 

ALS 

Controls (df) F/ χ
2
 p 

N 14 40 35   

Graded Naming Test§ 23.64  

(3.2) 

22.23   

(4.3) 

24.86  

(2.7) 

(2,84)=3.460 0.036 

TROG Errors
†
 2.43    

(3.2) 

2.11    

(2.0) 

1.91    

(2.0) 

(2)=0.369 0.832 

TROG Blocks 

Completed (max=20)
†
 

19.13  

(1.1) 

18.47  

(1.5) 

18.61  

(1.3) 

(2)=2.637 0.267 

Noun-Verb Test Total 

Errors
†
 

0.07      

(0.3) 

0.32    

(0.4) 

0.17    

(0.4) 

(2)=2.785 0.248 

Noun-Verb Test Noun 

Errors
†
 

0.07      

(0.3) 

0.24    

(0.5) 

0.09    

(0.3) 

(2)=3.067 0.216 

Noun-Verb Test Verb 

Errors
†
 

0.00     

(0.0) 

0.08    

(0.3) 

0.9      

(0.3) 

(2)=1.328 0.515 

p-values from One-Way ANOVA, except 
†
Kruskal-Wallis test, § corrected model co-

varying for HADS D, TROG: Test for the Reception of Grammar 
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3.4.6 Visuospatial Perception 

Results for the VOSP subtests and JLO are shown in Table 3.14. There was a significant 

effect of Group on JLO performance. A post-hoc Bonferroni test revealed that Familial 

ALS patients scored more poorly than control participants (mean difference= 3.2 points, 

95% CI= 0.60-5.83, p=0.0011). This finding was contrary to expectations as visuospatial 

deficits were not anticipated in any of the ALS subgroups. As the score on the ‘VOSP 

Position Discrimination’ subtest was found to be correlated with HADS D score, HADS D 

was entered as a co-variate in the ANCOVA results reported below; the uncorrected values 

were F(2,85)=0.464, p=0.631.  

 

Table 3.14: Means (s.d) for VOSP and JLO 

 Familial 

ALS 

Sporadic 

ALS 

Controls (df) F p 

n 15 38 35   

VOSP Incomplete 

Letters 

19.73 

(0.5) 

19.61 

(0.7) 

19.77 

(0.4) 

(2,85)=0.864 0.425 

VOSP Position 

Discrimination
1
§ 

19.60 

(0.9) 

19.79 

(0.6) 

19.69 

(0.7) 

(2, 84)=0.558 

 

0.575 

 

JLO 23.50 

(4.1) 

26.08 

(3.0) 

26.71 

(3.0) 

(2,83)=4.581 0.013 

p-values from One-Way ANOVA, 
1
Transformed using LOGx10 for Skewness, § corrected 

model co-varying for HADS D score, VOSP: Visual Object & Space Perception, JLO: 

Judgement of Line Orientation 

 

 

On the VOSP, data was unobtainable for three Sporadic ALS patients due to lack of time. 

On the JLO, data was unobtainable for four Sporadic ALS patients, and one Familial ALS 

patient due to lack of time available in the testing session. 
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3.4.7 Behavioural Change 

Mean scores on measures of behavioural change are shown in Table 3.15. As scores on the 

‘Self-Rated DEX’ were found to be correlated with HADS D score, this was entered as a 

co-variate in the ANCOVA results reported below (uncorrected F(2,86)=0.345, p=0.709). 

 

Table 3.15: Means (s.d) for SIML, DEX (self-rated & carer-rated), and MBQ Score 

 Familial 

ALS 

Sporadic 

ALS 

Control

s 

(df) F p 

N 15 40 35   

SIML 25.00 

(4.6) 

24.67 

(5.4) 

27.17 

(5.6) 

(2,87)=2.190 0.118 

N 15 39 35   

DEX (Self-

Rated) § 

16.00 

(13.4) 

13.67 

(8.6) 

14.23 

(7.8) 

(2, 85)=0.964 0.386 

 

N 13 33 n/a   

DEX (Carer-

Rated) 

10.08 

(8.3) 

8.27   

(7.7) 

n/a (1,44)=0.492 0.487 

N 13 30 n/a   

MBQ Total 

Score 

3.31 

(3.1) 

5.00   

(4.0) 

n/a (1,41)=1.564 0.218 

p-values from One-Way ANOVA , SIML: Short Inventory of Minor Lapses, DEX: 

Dysexecutive Questionnaire, MBQ: Manchester Behavioural Questionnaire. § corrected 

model co-varying for HADS D score 

3.4.7.1 Short Inventory of Minor Lapses (SIML) 

There was no significant effect of Group on the SIML. This finding was in line with 

expectations that any behavioural memory problems experienced by patients would be mild 

or absent relative to dysexecutive function and lends support to Hypothesis Three. One 

Sporadic ALS patient was unable to complete the questionnaire due to lack of time. 
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3.4.7.2 Dysexecutive Questionnaire (DEX) 

There was no significant effect of Group on performance of the DEX. Contrary to the 

original findings published in the DEX manual, a repeated-measures ANOVA found that 

carer-rated scores were lower than self-rated scores (F(1,44) =7.722, p=0.008), as 

illustrated in Figure 3.2. The boxplot illustrates the tendency for carers to rate their partners 

at floor level. However, there was no significant between-group effect of patient group, 

indicating that this discrepancy was no more or less marked in either group (F(1)=0.856, 

p=0.360). This finding failed to support our expectations of increased levels of behavioural 

dysfunction in Hypothesis Three. Two Sporadic ALS patients were unable to complete the 

questionnaire due to lack of time available in the testing session.  

Figure 3.2 : Boxplot of Self-Rated and Carer-Rated Total DEX Scores 
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3.4.7.3 Manchester Behavioural Questionnaire (MBQ) 

As carers (i.e. spouses, family members) were not interviewed for control participants, data 

on the MBQ are presented only for participants with Sporadic or Familial ALS, for 

descriptive purposes. There was no significant effect of Group on scores of the MBQ. An 

individual item analysis is provided in Table 3.16, comparing results between the ALS 

subgroups with those originally identified in FTD patients  (Bathgate et al. 2001a). The 

items listed below are those that were found to be particularly sensitive to identifying FTD; 

a full item analysis is provided in Appendix 17. The ALS groups show lower levels on the 

majority of FTD-specific items. A proportion of patients were reported by the carers to 

exhibit some behaviours shown to be sensitive in distinguishing FTD from AD, these 

included: Loss of basic emotion, loss of embarrassment, excessive worrying, selfishness, 

general loss of interest, sweet food preference, overeats/gluttony, seeks out food, simple 

motor stereotypies, complex motor stereotypies, and verbal stereotypies. 

 

In addition there was evidence of  11/14 of the core diagnostic features of FTD assessed 

here. At least one ALS patient scored on 10/14 of the items reported as being part of the 

core diagnostic features of FTD. However, the symptoms which were not present included 

disinhibition, neglect of hygiene, loss of pain awareness, echolalia, or using the wrong 

words. In addition, both ALS subgroups scored particularly highly on the item ‘loss of 

emotional insight’. Table 3.17 compares the ALS patient groups with a further division of 

FTD into an apathetic (FTD-A) and disinhibited (FTD-D) subtype as suggested by 

Snowden et al (2001). The former is thought to reflect widespread frontal cortex neuronal 

loss encroaching on the DLPFC, whilst the latter is thought to result predominantly from 

OFC dysfunction. The authors cite the items below as being particularly useful for 

distinguishing these two subgroups, particularly the presence of verbal stereotypies in the 

disinhibited subgroup, often in the form of continually repeating a single word (Snowden et 

al. 2001).  
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Table 3.16: Percentage of ALS patients rated by carers to show MBQ symptoms 

compared to FTD patients as reported by Bathgate et al (2001) 

 FTD 

(n=30) 

SALS 

(n=30) 

FALS 

(n=13) 

Loss of Basic Emotion 97 7 0 

Loss of Embarrassment* 90 7 16 

Loss of Emotional Insight* 77  70 39 

Excessive Worrying 13 20 8 

Selfishness* 87 13 23 

Disinhibition* 73 0 0 

Neglect of Hygiene* 87 0 0 

General Loss of Interest* 90 33 8 

Loss of Pain Awareness 41 0 0 

Sweet Food Preference* 50 33 15 

Less Selective/Indiscriminate* 46 0 8 

Overeats/Gluttony* 70 17 15 

Seeks Out Food* 33 10 0 

Simple Motor Stereotypies* 60 30 17 

Complex Motor Routines* 27 3 0 

Verbal Stereotypies* 50 7 0 

Echolalia* 33 0 0 

Uses Wrong Words 23 0 0 

FTD: Fronto-Temporal Dementia. FTD percentages from  (Bathgate et al. 2001a) 

* Core diagnostic features of FTD from  (Neary et al. 1998) 

 

It has been suggested that ALS patients with cognitive change  may represent an earlier 

form of the disinhibited, ‘orbitofrontal’ form of FTD (Neary et al. 2000). The results shown 

in Table 3.17 do not indicate that the behavioural profile of ALS patients is any more likely 

to resemble the disinhibited form of FTD than the apathetic form. The carers of 

approximately 20% of ALS patients identified aggression, social avoidance, and an 

exaggerated pain reaction in their partners. However, few if any carers endorsed verbal 

stereotypies, complex motor routines, or clockwatching. There was some evidence of social 

avoidance, more characteristic of FTD-A. 
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Table 3.17: Percentages of ALS subgroups rated as Showing MBQ symptoms 

compared to FTD subtypes reported by Snowden et al (2001). 

 FTD-A
1
 

(n=12) 

FTD-D
1
 

(n=18) 

SALS 

(n=30) 

FALS 

(n=13) 

Aggression 25 61 20 23 

Social Avoidance 50 17 23 8 

Exaggerated Pain Reaction 0 33 20 15 

Complex Motor Routines 8 39 3 0 

Verbal Stereotypies 25 67 7 0 

Clockwatching 8 39 0 0 

FTD-A: Fronto-Temporal Dementia, Apathetic Subtype, FTD-D: Fronto-Temporal 

Dementia, Disinhibited Subtype, 
1
FTD percentages from Snowden et al (2001) 

3.4.7.4 Frontal Systems Behaviour Scale (FRSBE) 

3.4.7.4.1 Self-Rated 

The results for the Self-Rated FRSBE are presented in Table 3.18. As there was a 

significant correlation between HADS D scores and post-illness T-Scores on Apathy, 

Disinhibition, Dysexecutive Function, and Total scores, HADS D was entered as a 

covariate in the ANCOVA. The uncorrected values were: Apathy (F(2,85)=5.591, 

p=0.005), Disinhibition (F(2,85)=2.159, p=0.122), Dysexecutive Function (F(2,85)=4.369, 

p=0.016), and Total (F(2,85)=5.630, p=0.005). On the Self-Rated FRSBE there was a 

significant effect of Group for T-scores on Pre-Morbid Disinhibition. Post-hoc Bonferroni 

analysis found a trend approaching significance for Familial ALS patients to report higher 

scores on the Disinhibition subscale compared to controls (mean difference= 9.0 points, 

95% CI = -0.42 – 18.44, p=0.066) and Sporadic ALS patients (mean difference= 9.2 points, 

95% CI = -0.12 – 18.46, p=0.054) before the onset of disease. Contrary to expectations, the 

proportion of Familial ALS patients that can be considered to be a ‘case’ for the 

Disinhibition score was lower after illness onset than pre-morbidly (see Table 3.19).  
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Table 3.18: Means (s.d) for self-rated FRSBE T-Scores 

 Familial 

ALS 

Sporadic 

ALS 

Controls (df) F Group 

p 

N 14 39 35   

Pre-Morbid 

Apathy  

48.21 

(11.1) 

46.85 

(10.1) 

50.66 

(12.4) 

(2,85)=1.076 0.346 

Pre-Morbid 

Disinhibition  

60.07 

(15.9) 

50.90 

(10.4) 

51.06 

(12.4) 

(2,85)=3.270 0.043 

Pre-Morbid 

Dysexecutive  

55.57 

(15.4) 

51.85   

(8.5) 

50.91 

(13.0) 

(2,85)=0.806 0.450 

Pre-Morbid 

Total  

55.71 

(15.0) 

49.82   

(9.4) 

50.80 

(12.9) 

(2,85)=1.298 0.278 

Post-Illness 

Apathy § 

67.00 

(16.5) 

59.44 

(14.4) 

52.56 

(13.9) 

(2,84)=6.442 0.002 

Post-Illness 

Disinhibition § 

59.07 

(13.8) 

53.87 

(11.8) 

51.06 

(12.1) 

(2,84)=1.958 0.147 

Post-Illness 

Dysexecutive § 

60.93 

(17.8) 

54.13 

(10.6) 

49.69 

(11.1) 

(2,84)=4.011 0.022 

Post-Illness 

Total § 

66.14 

(18.9) 

56.79 

(12.2) 

51.51 

(13.4) 

(2,84)=6.351 0.003 

p-values from One-Way ANOVA. § corrected model co-varying for HADS D score 

Clinical cut-off = 65 

 

Post-hoc Bonferroni analyses revealed Familial ALS patients scored significantly higher 

than controls on Post-Illness subscales of Apathy (mean difference= 14.8 points, 95% CI= 

3.51-26.03, p=0.006), Dysexecutive Function (mean difference= 11.2 points, 95% CI= 1.83 

– 20.65, p=0.014), and Total Score (mean difference= 14.6 points, 95% CI= 3.92 – 25.34, 

p=0.004). These findings all lend support to Hypothesis Three. 
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A 2 (Time) x 2 (Group) ANCOVA co-varying for HADS D revealed a significant of effect 

of Time, indicating that self-rated T-Scores on the Apathy (F(1,84)=48.738, p<0.001), 

Dysexecutive Function (F(1,84)=3.917, p=0.051), and Total Score (F(1,84)=22.978, 

p<0.001) scales were higher after the onset of illness compared to premorbid levels. Post-

illness T-Scores on the Disinhibition subscale were not significantly different from 

premorbid levels (F(1,84)=0.076, p=0.783). There was a significant Time x Group 

interaction (F(8,164)=8.506, p=<0.001), illustrated in Figure 3.3. On average, Familial ALS 

patients have significantly higher T-scores on the FRSBE total score following the onset of 

illness. These findings lend support to Hypothesis Three. 

 

Table 3.19 shows the relative proportion of each group satisfying criteria for “caseness” 

according to standard cut-off criteria (T-score >65). There was a significant difference 

between the ratio of cases in each group for Post-Illness Apathy revealed by a 2-sided 

Pearson’s Chi-Square test. Inspection of the percentages reveals Familial ALS patients to 

be more likely to be a ‘case’ on the measure of Post-Illness Apathy compared to controls 

and Sporadic ALS patients. 

  

Table 3.19: Self-rated FRSBE percentages of groups fulfilling ‘caseness’ 

p-values from 2-Tailed Pearson’s χ2 test. 

 

 

 

 Familial 

ALS 

Sporadic 

ALS 

Controls (df) χ
2 

 

p 

Pre-Illness Apathy 7% 5% 14% (2)=1.948 0.378 

Pre-Illness Disinhibition 29% 10% 11% (2)=3.175 0.204 

Pre-Illness Dysexecutive 21% 8% 14% (2)=1.947 0.378 

Pre-Illness Total 14% 8% 11% (2)=0.579 0.749 

Post-Illness Apathy  57% 31% 17% (2)=7.737 0.021 

Post-Illness Disinhibition  21% 15% 14% (2)=0.396 0.820 

Post-Illness Dysexecutive  29% 15% 9% (2)=3.198 0.202 

Post-Illness Total  36% 28% 20% (2)=1.434 0.400 
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Figure 3.3: Line graph representing significant Time x Group interaction on FRSBE 
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To further test Hypothesis 3, that measures of behavioural change would correlate with 

performance on neuropsychological tests, a number of composite scores were created. This 

was with the aim of reducing the likelihood of making Type I errors through multiple 

comparisons of each neuropsychological and behavioural test score individually. 

Composite scores were calculated by grouping test scores together by theorized function, 

then dividing each participant’s score on each test by the pooled standard deviation for their 

group, adding these test scores together, then dividing by the number of tests in the 

composite score (see equation below). All test scores selected shared the same direction, 

i.e. higher score reflects poorer performance.  
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i.e. 

 

The composite scores were:  

• Standard Measures of Executive Function score (Written Verbal Fluency Index + 

WCST Errors + Stroop Effect + Hayling Latency) 

• DLPFC score (Written Verbal Fluency Index + WCST Errors) 

• OFC score (Reversal Learning: Trials after 1st Reversal) + Extinction (Trials after 

1st Reversal) + A & B cards chosen in Gambling Task + Errors made on Faux Pas 

Scale) 

•  Memory Score (KOLT Errors + Recognition Memory Test Errors) 

•  Language score (Graded Naming Test Errors + TROG errors + Noun-Verb test 

errors) 

• Visuospatial Perception score (VOSP Letters Errors + VOSP Position 

Discrimination Errors + Judgement of Line Orientation Errors) 

 

Table 3.20 shows the results of correlations for all data combined for the Sporadic and 

Familial ALS patients between each composite score and self-rated post-illness total T-

Score on the FRSBE. A full set of comparisons between composite scores and all 

behavioural measures can be found in Appendix 18.  

 

Table 3.20 Correlations between Post-Illness FRSBE score and Composite Scores 

Composite Score Apathy 

r, p 

Disinhibition 

r, p 

Dysexecutive 

r, p 

 Total 

r, p 

Executive (n=40) 0.276, 0.085 0.295, 0.065 0.400, 0.010 0.380, 0.015 

DLPFC (n=44) 0.327, 0.151 0.160, 0.299 0.240, 0.117 0.203, 0.186 

OFC (n=38) 0.108, 0.518 -0.052, 0.672 0.248, 0.134 0.236, 0.155 

Memory (n=42) 0.212, 0.132 0.352, 0.001 0.477, <0.001 0.418, 0.002 

Language (n=51) 0.318, 0.023 0.150, 0.168 0.387, 0.005 0.391, 0.005 

Visuospatial (n=50) 0.056, 0.701 0.121, 0.272 0.087, 0.550 0.500, 0.095 

r values are for Pearson’s correlations 

∑[(X1/σ1) + (X2/ σ2) + (X3/ σ3)…] 

NX 
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A composite score for neuropsychological test performance on measures of executive 

function was found to be associated with the self-rated behavioural measures of 

Dysexecutive Function, with trends approaching significance for an association with 

Apathy and Disinhibition subscales. This analysis lends support to Hypothesis Three by 

confirming that impaired performance on neuropsychological tests is associated with higher 

levels of behavioural abnormalities in people with ALS. No association was found between 

the composite score for performance on measures of DLPFC function and measures of 

behavioural change, nor was any association found between the composite score for 

performance on measures of OFC function and measures of behavioural change. This 

finding does not support Hypothesis Two, which had predicted that patients would also 

experience changes related to OFC dysfunction.  

 

Significant correlations were identified between a composite score of memory function and 

the behavioural measures of Disinhibition and Dysexecutive Function. In addition, 

significant correlations were identified between a composite score of language function and 

the behavioural measures of Apathy and Dysexecutive Function. No associations were 

identified between a composite score of visuospatial perception and behavioural measures.  

3.4.7.4.2 Carer-Rated 

Results for the carer-rated FRSBE are presented in Table 3.21, Table 3.22, Figure 3.4, and 

Figure 3.5. There was no significant effect of Group on any outcome variable. As HADS D 

correlated with post-illness Apathy (uncorrected values F(1,44)=0.118, p=0.733) and Total 

T-Scores (uncorrected values F(1,44)=0.002, p=0.968), this was entered as a covariate in 

the ANOVA below. 
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Table 3.21: Means (s.d)  for carer-rated FRSBE T-Scores 

  Familial  

ALS 

Sporadic  

ALS 

 

(df), F 

 

p 

n 13 33   

Pre-Morbid Apathy T-

Score 

47.15 

 (12.1) 

47.76     

(11.8) 
 (1,44)=0.024 0.877 

Pre-Morbid 

Disinhibition T-Score 

46.77 

(13.3) 

46.70  

(9.5) 
(1,44)=<0.001 0.984 

Pre-Morbid 

Dysexecutive T-Score 

49.69 

(15.5) 

50.15 

 (9.3) 
(1,44)=0.015 0.902 

Pre-Morbid Total T-

Score 

48.00 

(14.8) 

48.15 

 (10.2) 
(1,44)=0.002 0.969 

Post-Illness Apathy T-

Score§ 

60.23 

(17.6) 

58.30   

 (16.9) 

(1,43)=0.466 

 

0.498 

 

Post-Illness 

Disinhibition T-Score 

47.54 

(13.1) 

48.85 

 (10.6) 
(1,44)=0.125 0.726 

Post-Illness 

Dysexecutive T-Score 

50.31 

(14.7) 

53.58 

 (13.1) 
(1,44)=0.543 0.465 

Post-Illness Total T-

Score§ 

53.92 

(17.1) 

54.12 

 (14.4) 
(1,43)=0.050 0.824 

p-values from One-Way ANOVA, § corrected model co-varying for HADS D score 

 

Table 3.22: Carer-rated FRSBE percentages of groups fulfilling ‘caseness’ 

 Familial 

ALS 

Sporadic 

ALS 

χ
2
  

p 

Post-Illness Apathy   39% 33% (1)=0.108 0.742 

Post-Illness Disinhibition  23% 9% (1)=1.608 0.205 

Post-Illness Dysexecutive  15% 15% (1)=<0.001 0.984 

Post-Illness Total  23% 27% (1)=0.085 0.770 

p-values from 2-Tailed Pearson’s χ2 test. 
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However, as shown in Figure 3.4, Carer-rated total T-Scores were significantly higher after 

the onset of ALS compared to premorbid levels. These differences were significant for the 

subscales of Apathy (F(1,43)=100.566, p<0.001),  Dysexecutive Function (F(1,43)=10.863, 

p=0.002), and Total t-score (F(1,43)=70.629, p<0.001), but not for Disinhibition 

(F(1,43)=1.259, p=0.268). 

 

Figure 3.4: Boxplot of Carer-Rated FRSBE T-Scores pre- and post-illness 
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As shown in Figure 3.5, carers rated patients lower than patients rated themselves on their 

post-illness total T-scores. Carers rated patients significantly lower after the onset of ALS 

on subscores for Disinhibition (F(1, 43)=11.245, p=0.002), Dysexecutive Function 

(F(1,43)=5.818, p=0.020), and Total T-Score (F(1,43)=5.671, p=0.021), but not Apathy 

(F(1,43)=1.045, p=0.312). 
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Figure 3.5: Boxplot of Self- and Carer-Rated Total FRSBE Scores 
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3.4.8 Measures of Emotional Change 

3.4.8.1 Emotional Lability 

3.4.8.1.1 Self-Rated ELQ 

Mean scores on the ELQ are below in Table 3.23. Each domain has a maximum score of 31 

yielding a total maximum score of 93, with higher scores reflecting higher levels of 

emotional lability.  
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As there was a significant correlation between HADS D scores and ELQ scores on 

Laughing, Smiling, and Total scores, this was entered as a covariate in the ANOVA below. 

Uncorrected values were Laughing  (F(2,87)=2.494, p=0.088), Smiling (F(2,87)=1.448, 

p=0.241), and Total (F(2,87)=8.849, p<0.001). There was a significant effect of Group for 

Crying and Total score. Post-Hoc Bonferroni analyses show that Sporadic ALS patients 

rated their levels of ELQ Crying (mean difference = 4.9, 95%CI 2.44 – 7.37, p=<0.001) and 

ELQ Total (mean difference= 8.4, 95% CI= 3.51 – 13.22, p=<0.001) significantly higher 

than control participants.  

 

Table 3.23: Self-Rated Emotional Lability raw scores 

Mean  

(s.d.) 

Familial  

ALS 

Sporadic  

ALS 

Controls (df) F p 

N 15 40 35   

ELQ 

Laughing§ 

3.47 

 (4.6) 

4.02  

(5.1) 

1.86 

(2.8) 

(2,85)=1.426 0.246 

ELQ  

Crying
1
  

3.67 

(4.2) 

5.65  

(5.7) 

0.74  

(2.1) 

(2,87)=12.158 <0.001 

ELQ  

Smiling
1
§ 

1.00  

(3.9) 

2.15 

(1.8) 

0.86 

(1.8) 

(2,85)=0.451 0.638 

ELQ  

Total§ 

8.13  

(8.1) 

11.83  

(11.1) 

3.46 

(4.5) 

(2,85)=5.776 0.004 

p-values from one-way ANOVA, 
1
Transformed using LOGx10 for Skewness, § corrected 

model co-varying for HADS D score 

 

 

Table 3.24 shows the number and proportion of participants in each group considered to be 

emotionally labile in each of the ELQ’s three domains as well as total score. The cut-off 

values used for the self-rated scale were: ELQ Laughing = 8, ELQ Crying = 5, ELQ 

Smiling = 5, Total = 11. There was a significant effect of Group for ELQ ‘caseness’ on 

Laughing, Crying, and Total score.  
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Table 3.24: Self-Rated Emotional Lability ‘caseness’ across subgroups 

Frequency 

(%) 

Familial 

ALS 

Sporadic 

ALS 

Controls (df) χ
2
 p 

N 15 40 35   

Laughing 4 (27%) 9 (23%) 1 (3%) (2)=7.175 0.028 

Crying 5 (33%) 19 (48%) 2 (6%) (2)=16.039 <0.001 

Smiling 1 (7%) 5 (13%) 1 (3%) (2)=2.451 0.294 

Total 3 (20%) 18 (45%) 2 (6%) (2)=15.435 <0.001 

p-values from 2-Tailed Pearson’s χ2 test. 

 

In order to test the prediction that levels of emotional lability amongst ALS patients would 

be correlated with performance on neuropsychological test scores, the same composite 

scores were used as described in Section 3.4.7.4. Again, this was to reduce the chance of a 

Type I error due to multiple comparisons. As the distribution of ELQ scores was not 

normal, the non-parametric Spearman’s test was used. Results for all Sporadic and Familial 

ALS patients are shown in Table 3.25. There was a significant negative correlation between 

a composite score of Executive Function and levels of labile crying and overall levels of 

lability. There was also a significant positive correlation between a composite score of 

language and levels of labile smiling. Whilst a relationship was identified, it was in the 

opposite direction than was expected. 

 

Table 3.25 Correlations between ELQ score and Composite Scores 

Composite Score Laughter 

r, p 

Crying 

r, p 

Smiling 

r, p 

 Total 

r, p 

Executive (n=42) -0.008,0.958 -0.438,0.004 -0.132,0.406 -0.309,0.046 

DLPFC (n=46) 0.163, 0.280 -0.178,0.237 0.012,0.936 0.018,0.904 

OFC (n=40) 0.070,0.669 -0.139,0.393 0.243,0.130 0.019,0.906 

Memory (n=54) -0.022,0.874 -0.082,0.555 -0.020,0.888 0.022,0.877 

Language (n=52) 0.156,0.270 -0.225,0.110 0.345,0.012 0.121,0.393 

Visuospatial (n=51) 0.005,0.972 0.115,0.420 0.122,0.395 0.146,0.306 

r values are for Spearman’s correlations 



 135 

 

3.4.8.1.2 Carer-Rated ELQ (CELQ) 

Mean scores on the CELQ are shown in Table 3.26. No significant effect of Group was 

found. There was a trend approaching significance for an effect of Group on labile 

Laughing. As was identified with the FRSBE (see Figure 3.5), carers were more likely to 

rate patients as significantly lower (F(4,41)=4.804, p=0.003) on emotional lability than 

patients rated themselves, with many carers scoring at floor level (see Figure 3.6). As 

control participants were not carer-rated it was not possible to generate cut-off scores in the 

same way as for the self-rated ELQ. 

 

Table 3.26: Carer-Rated Emotional Lability raw scores 

Mean (s.d.) Familial 

ALS 

Sporadic 

ALS 

(df) F p 

n 13 33   

CELQ Laughing
1
 0.00  

(0.0) 

1.30  

(3.1) 

(1,44)=3.059 0.087 

CELQ Crying  1.85  

(3.1) 

3.36 

(4.2) 

(1,44)=1.379 0.247 

CELQ Smiling
1
 0.31 

(1.1) 

0.67 

(1.9) 

(1,44)=0.280 0.599 

CELQ Total
1
 2.15 

(3.1) 

5.12  

(7.6) 

(1,44)=1.734 0.195 

p-values from one-way ANOVA, 
1
Transformed using LOGx10 for Skewness 
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Figure 3.6: Boxplot of Self- and Carer-Rated ELQ Total Scores 
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3.4.9 Percentile Analysis 

An alternative method for investigating the prevalence of cognitive dysfunction in 

neurological patients has been to characterise impairment on the basis of a deficit on the 

number of tests. Two studies using large cohorts  (Massman et al. 1996)(n=146) and 

(Schulz et al. 2005)(n=316) have been carried out in the United States using a large battery 

of neuropsychological measures. The latter study was recently published without the FALS 

subset of data (Ringholz et al. 2005), so the current study’s findings will be compared with 

the original, as yet unpublished, dataset.  
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Ringholz et al’s study defined impairment by the number of tests completed at or below the 

5
th

 percentile relative to a group of matched controls. A similar analysis was carried out for 

the present study in order to aid comparability. Patients were counted as scoring at or below 

the 5
th

 percentile if their score on any particular test was lower than the 5
th

 percentile of the 

control sample. The cut-off for each score is shown in Table 3.27. This method of analysis 

represents another way of testing Hypotheses One and Two. As the previous studies using 

percentile analysis did not include behavioural measures, Hypothesis Three will not be 

tested in this fashion.  

 

Schulz et al (2005) further defined the cognitive status of their participants by the number 

of tests on which they scored below the 5
th

 percentile.  

• ‘Normal’ participants scored above the 5
th

 percentile on all measures.  

• ‘Mildly impaired’ participants scored below the 5
th

 percentile on one measure 

• ‘Moderately impaired’ participants scored below the 5
th

 percentile on two measures 

• ‘Severely impaired’ participants scored below the 5
th

 percentile on two measures in 

different cognitive domains (i.e. Executive, Memory, Language, Visuospatial 

Perception) or on more than two measures within domains.  

 

The authors found that whilst 95% of their control group were normal and 5% were ‘mildly 

impaired’, only 49% of ALS patients were normal; 32% were ‘mildly impaired’, 13% were 

‘moderately impaired’, and 6% were ‘severely impaired’. The implications they drew from 

this was that up to 51% of ALS patients had some form of cognitive impairment. The study 

incorporated a large number of Familial ALS patients (n=37), and these were found to have 

a similar profile of impairment to Sporadic ALS patients.  



 138 

Table 3.27: Number of Participants performing at or below the 5
th

 Percentile 

n/total n 

(%) 

Familial  

ALS 

Sporadic  

ALS 

Controls (df) χ
2 

p 

WCST Errors (>90.4) 0/14 

(0%) 

1/39 

(2.5%) 

1/33 

(3%) 

(2)=0.415 0.813 

Verbal Fluency Index (>13.0) 4/13 

(31%) 

2/35 

(6%) 

1/35      

 (3%) 

(2)=10.14 0.006 

Category Fluency Index 

(>3.9) 

3/13 

(23%) 

3/36 

(8%) 

1/35  

(3%) 

(2)=5.073 0.079 

Stroop Effect (>279.0) 0/13 

(0%) 

1/38 

(3%) 

1/33 

(3%) 

(2)=0.387 0.824 

Negative Priming Effect 

(>67.0) 

0/13 

(0%) 

6/38 

(16%) 

2/31 

(6%) 

(2)=3.559 0.169 

Hayling Latency ( >78.2) 2/13 

(15%) 

2/38 

(5%) 

1/35 

(3%) 

(2)=2.754 0.252 

Hayling Error Score (>29.0) 1/13 

(8%) 

3/38 

(8%) 

2/35 

(6%) 

(2)=0.146 0.930 

Reversal Trials after 1
st
 

Reversal (>74.1) 

2/14 

(14%) 

5/40 

(13%) 

1/33 

(3%) 

(2)=2.460 0.292 

Extinction Trials after 

Reversal (>31.3) 

1/14 

(7%) 

1/34 

(3%) 

1/33  

(3%) 

(2)=0.562 0.755 

Iowa Gambling Task Bad 

Cards (A & B) (>70.2) 

0/15 

(0%) 

3/38 

(8%) 

1/33 

(3%) 

(2)=1.829 0.401 

Faux Pas Scale Total (<21.4) 1/13 

(8%) 

0/37 

(0%) 

1/35 

(3%) 

(2)=2.543 0.280 

KOLT Raw Score (<31.8) 0/15 

(0%) 

5/40 

(13%) 

1/35 

(3%) 

(2)=4.075 0.130 

WRMT Raw Score (<38.0) 0/15 

(0%) 

4/41 

(10%) 

1/35 

(3%) 

(2)=2.775 0.250 

Graded Naming Test (<20.0) 2/14 

(14%) 

11/40 

(28%) 

2/35 

(6%) 

(2)=6.400 0.041 

TROG Errors (>7.40) 1/14 

(7%) 

0/38 

(0%) 

1/35 

(3%) 

(2)=2.405 0.300 

Judgment of Line 

Orientation (<19.0)  

3/14 

(21%) 

2/37 

(5%) 

2/35 

(6%) 

(2)=3.952 0.139 

p-values from 2-Tailed Pearson’s χ2 test. 
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There was a significant effect of Group on the Verbal Fluency Test and the Graded Naming 

Test. Familial ALS patients were more likely than Sporadic ALS patients to score below 

the 5
th

 percentile on the Verbal Fluency Test; conversely, Sporadic ALS patients were more 

likely to score below the 5
th

 percentile than Familial ALS patients on the Graded Naming 

Test. There was a trend towards significance for an effect of Group on the Category 

Fluency Index. 

 

Table 3.28 shows the proportion of patients from each group classified by Schulz et al’s 

criteria across all the tests listed in Table 3.27. In comparison to Schulz et al’s findings, the 

present study indicates that a larger proportion of the current ALS patients are categorized 

as ‘severely impaired’. A Pearson Chi-Square test found no significant effect of Group on 

cognitive profile (χ
2
(6)=8.212, p=0.223). Schulz et al found no differences between 

Sporadic and Familial ALS patients, and a smaller proportion of their control participants 

had an impaired cognitive profile relative to those tested in the current study. This is 

discussed in detail in Section 3.5.5. 

 

Table 3.28: Cognitive profiles of ALS Patients 

  

Familial 

ALS 

Sporadic 

ALS Control 

Normal 8 (53%) 17 (42%) 22 (63%) 

Mild 2 (13%) 8 (20%) 8 (23%) 

Moderate 0 (0%) 4 (10%) 1 (3%) 

Current Study 

  

  

  

Severe 5 (33%) 12 (30%) 4 (11%) 

Total 15 41 35 

  

Familial 

ALS 

Sporadic 

ALS Control 

Normal 
18 (48%)  136 (49%) 

122 

(95%) 

Mild 14 (38%) 90 (32%) 7 (5%) 

Moderate* 2.5 (7%) 36 (13%) 0 (0%) 

Schulz et al (2005) 

  

  

  

Severe* 2.5 (7%) 17 (6%) 0 (0%) 

Total 37 279 129 

*For FALS patients, Schulz et al combined the Moderate and Severe categories. A total of 

5 FALS patients were in this category, but it is not possible to discern how many were in 

each category. 
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Table 3.29 shows the number of tests failed by participants in each group. There was a 

significant effect of Group using a Pearson Chi-Square test (χ
2
(16)=29.995, p=0.018).  

Table 3.29 : Number of tests failed (performance <5
th

%ile)  by participants 

  

Familial 

ALS 

Sporadic 

ALS Control 

0 8 

(53%) 

17 

(42%) 

22 

(63%) 

1 1 

(7%) 

0 

(0%) 

0 

(0%) 

2 1 

(7%) 

8 

(20%) 

8 

(23%) 

3 0 

(0%) 

0 

(0%) 

0 

(0%) 

4 0 

(0%) 

4 

(10%) 

1 

(3%) 

5 1 

(7%) 

5 

(12%) 

2 

(6%) 

6 1 

(7%) 

6 

(15%) 

2 

(6%) 

7 2 

(13%) 

0 

(0%) 

0 

(0%) 

8 0 

(0%) 

1 

(2%) 

0 

(0%) 

Number of Tests 

Failed (performance 

<5
th

%ile) 

  

  

  

9 1 

(7%) 

0 

(0%) 

0 

(0%) 

Total 15 41 35 

3.4.10 Familial Subgroup Analysis 

A recent neuroimaging study found a distinct pattern of extra-motor change in Familial 

ALS patients with a D90A SOD1 mutation, relative to Sporadic ALS patients (Turner et al. 

2005a). Specifically, D90A SOD1 patients had a marked degree of neuronal loss in the 

temporal pole as revealed by 11C-Flumazenil PET. This suggests that heterogeneity of 

cognitive profiles within ALS may be accounted for by genetic variations. Accordingly, 

data from the current study was explored further in order to identify any differences 

between the cognitive profile of Familial ALS patients with a SOD1 mutation and those 

without. Within the group of 15 Familial ALS patients, 7 participants were known to have a 

SOD1 mutation whilst 8 participants did not. The specific mutations identified in the 

Familial ALS group are detailed in Table 3.30, along with information on the clinical 

phenotype with which they have been associated in the research literature. 
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Table 3.30 SOD1 Mutations 

 N 

(% of Familial 

ALS sample) 

Characteristics Genetic Mutation 

Not 

SOD1 

8 

(53%) 

Various Unknown 

  

G37R 

2 

(13%) 

Early age of onset, long 

survival 

Mutation used in mouse 

model 

GGA -> AGA  

(Exon 2, Position 466) 

  

L8V 

1 

(7%) 

Early age at onset, 100% 

penetrance  

CTG -> GTG  

(Exon 1, Position 105) 

  

D76Y 

1 

(7%) 

Late onset, long survival GAT -> TAT  

(Exon 3, Position 695) 

  

I113T 

2 

(13%) 

Second most common 

mutation, late onset, 

100% penetrance 

ATT -> ACT  

(Exon 4, Position 1147) 

 

  

E100G 

1 

(7%) 

Pathological involvement 

including sensory systems 

 

GAA -> GGA  

(Exon 4, Position 1108) 

  

Total 

15   

Letters refer to DNA base nucleotides, G: Guanine, C: Cytosine A: Adenine, T: Thymine 

Characteristics from  (Hand and Rouleau 2002; Ince et al. 1996; Andersen et al. 1997) 

Genetic data from www.alsod.org 

3.4.10.1 Clinical & Demographic Variables 

Clinical and demographic variables for each Familial ALS subgroup are shown in Table 

3.31. Due to the small numbers in each group, a non-parametric Mann-Whitney U-Test was 

used to compare subgroups on clinical and neuropsychological variables. Both groups were 

matched for age, gender ratio, site of disease onset, time to diagnosis, levels of pain, 

premorbid IQ, current intellectual function, and functional disability. There was a trend 

approaching significance for a younger age at onset amongst Familial ALS patients with a 

SOD1 mutation.  
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Table 3.31 Clinical & demographic characteristics of familial subgroups (Means  

(s.d)) 

 Non-SOD1 SOD1 U/ χ
2
 p 

n 8 7   

Age at testing (years) 55.00 

(4.1) 

48.57 

(9.7) 

16.0 0.189 

Gender M:F* 5:3 3:4 0.579 0.447 

Age at onset (years) 54.28 

(4.5) 

46.29  

(10.5) 

13.0 0.094 

Site of Onset Limb:Bulbar 7:1 6:1 0.010 0.919 

Disease Duration (months)
 
 55.38  

(74.5) 

78.86 

(82.6) 

16.5 0.189 

Months between onset & 

diagnosis
 

39.25 

(75.3) 

42.43 

(76.6) 

26.0 0.867 

NART Full Scale IQ 103 

(14.0) 

106 

(12.1) 

20.0 0.620 

RSPM Total Score 43.83 

(3.9) 

46.86 

(7.1) 

17.5 0.383 

ALSFRS-R Score 39.13 

(3.4) 

35.71 

(4.5) 

14.5 0.121 

NART: National Adult Reading Test, RSPM: Raven’s Standard Progressive Matrices, 

ALSFRS-R: Amyotrophic Lateral Sclerosis Functional Rating Scale – Revised. p values 

from Mann-Whitney U Test except for *Pearson’s χ
2 

test 

 

3.4.10.2 Neuropsychological Measures 

Performance of the Familial ALS subgroups on the neuropsychological measures already 

described is presented in Table 3.32. Due to the small sample sizes used, Cohen’s d is 

shown as a measure of effect size (Cohen 1992). The table also shows the sample size per 

group required to achieve 80% power at an alpha level of 0.05, calculated using NQuery 

4.0. 
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Table 3.32: Familial ALS Subgroup Results for Neuropsychological Measures (Mean 

(s.d.)) 

 Non-

SOD1 

SOD1 

 

U p Cohen’s  

d 

n required  

WCST Cat Achieved 4.0 

(2.3) 

5.0 

(1.2) 

19.5 0.535 0.357 125 

WCST Errors 49.57 

(27.3) 

32.29 

(17.7) 

14.0 0.209 0.751 29 

WCST Perseverative 

Errors 

26.57 

(20.3) 

16.43  

(11.0) 

15.0 0.259 0.654 38 

WCST Trials to 1st 

Category 

38.86 

(44.8) 

12.57 

(3.5) 

11.0 0.097 1.315 11 

Verbal Fluency Index 14.6 

(11.3) 

7.8 

(5.7) 

10.0 0.138 0.829 24 

VFI – ‘S’ Words 10.1 

(7.8) 

5.8 

(5.4) 

9.0 0.101 0.614 43 

VFI – ‘4LC’ Words 28.7 

(23.6) 

12.1 

(7.6) 

7.5 0.051 1.064 15 

VFI – ‘Animals’ 2.98 

(2.2) 

2.54 

(2.3) 

19.0 0.836 0.196 412 

Stroop Effect 149.43 

(33.3) 

124.0 

(42.3) 

14.0 0.366 0.673 36 

Negative Priming Effect 

 

19.71 

(24.2) 

21.33 

(22.7) 

18.0 0.731 0.069 3305 

Judgement of Line 

Orientation 

 

22.86 

(4.6) 

24.14 

(3.9) 

20.5 0.620 0.584 184 
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Mean (s.d.) Non-

SOD1 

SOD1 U P Cohen’s  

d 

n required 

Hayling Response 

Initiation Time (s) 

21.0 

(21.7) 

10.86 

(6.4) 

15.5 0.445 0.724 31 

Hayling Response 

Suppression Time (s) 

77.67  

(58.4) 

32.86 

(32.5) 

10.0 0.138 0.996 17 

Hayling Latency 56.7 

(44.9) 

22.0 

(29.2) 

12.0 0.234 0.925 20 

Hayling Error Score 14.17 

(11.5) 

5.71  

(5.09) 

7.0 0.051 1.058 16 

p values from Mann-Whitney U Test. 

 

Inspection of the means reveal differences in the scores attained by each group on the 

WCST, VFI, and Hayling Test, with Familial ALS patients without a SOD1 mutation 

appearing to have more severe deficits on these tasks than Familial ALS patients with a 

SOD1 mutation. However, only Verbal Fluency (“4 Letter C-Words”) and the Hayling Test 

Error Score approach significance when subjected to a Mann-Whitney U-Test. Cohen 

operationalised the magnitude of effect sizes as "small, d = 0.2," "medium, d = 0.5," and 

"large, d = 0.8" (Cohen 1992). On this basis it seems likely that a larger sample would 

elucidate significant differences between Familial ALS patients with a SOD1 mutation and 

those without, particularly on the WCST, VFI, and Hayling Test.  

3.4.10.3 Behavioural Change 

The results for measures of behavioural change are shown in Table 3.33. There was a 

significant effect of Group for total score on the MBQ, but not the DEX or FRSBE. An 

item analysis of the MBQ revealed that the carers of Familial ALS patients with a SOD1 

mutation were more likely to endorse the following items: Irritability, Loss of Emotional 

Insight, Exaggerated Pain Reaction, Overeats/Gluttony, and Obsessive Checking. The table 

also shows the effect size (Cohen’s d) and sample size per group that would be required to 

achieve 80% power at an alpha level of 0.05, calculated using NQuery 4.0. 
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Table 3.33: Familial ALS Subgroup Results for Behavioural Measures (Mean (s.d.)) 

 Non-

SOD1 

SOD1 U p Cohen’s  

d 

n 

required 

DEX (Self-Rated) 13.50 

(10.2) 

18.9 

(16.7) 

24.5 0.694 0.401 99 

MBQ Total Score 1.50 

(1.6) 

6.0 

(3.1) 

3.0 0.011 2.00 6 

FRSBE Pre-

Morbid Apathy 

47.86  

(9.9) 

48.57 

(12.9) 

22.5 0.805 0.062 4048 

FRSBE Pre-

Morbid 

Disinhibition 

57.86 

(15.5) 

62.29 

(17.3) 

21.5 0.710 0.270 217 

FRSBE Pre-

Morbid 

Dysexecutive 

56.57 

(10.7) 

54.57 

(20.0) 

16.5 0.318 0.133 884 

FRSBE Pre-

Morbid Total 

55.00  

(11.4) 

56.43 

(18.9) 

22.5 0.805 0.095 1752 

FRSBE Post-

Illness Apathy 

64.43 

(7.5) 

69.57 

(22.8) 

24.5 1.00 0.367 118 

FSRBE Post-

Illness 

Disinhibition 

55.43  

(9.9) 

62.71 

(16.9) 

20.5 0.620 0.543 55 

FRSBE Post-

Illness 

Dysexecutive 

62.29 

(9.6) 

59.57 

(24.3) 

12.5 0.128 0.170 545 

FSRBE Post-

Illness Total 

63.9 

(8.7) 

68.43 

(26.1) 

21.0 0.710 0.266 223 
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3.4.10.4 Emotional Change 

The results for self-rated emotional lability are presented in Table 3.34. Whilst there was 

only a trend towards significance for an effect of Group, inspection of the means shows that 

Familial ALS patients with a SOD1 mutation reported higher levels of emotional lability 

than Familial ALS patients without a SOD1 mutation. The table also shows the effect size 

(Cohen’s d) and the sample size that would be required to achieve 80% power at an alpha 

level of 0.05, calculated using NQuery 4.0. 

 

Table 3.34: (Mean (s.d.)) Self-Rated Emotional Lability raw scores  

 Non-

SOD1 

SOD1 U p Cohen’s 

d 

n 

required 

ELQ 

Laughing 

2.00 

(3.5) 

5.14  

(5.4) 

19.0 0.336 0.698 34 

ELQ  

Crying  

3.25  

(4.3) 

4.14 

(4.3) 

24.5 0.694 0.207 368 

ELQ  

Smiling 

0.0 

(0.0) 

2.14 

(5.7) 

24.0 0.694 0.751 29 

ELQ  

Total 

5.25 

(7.5) 

11.43 

(8.0) 

12.0 0.072 0.797 26 

p-values from Mann-Whitney U-Test 

3.4.11 Cognitive, Emotional, and Behavioural Change in 

Subgroups of ALS: Summary of Results 

3.4.11.1 Participant Characteristics 

Participants were well matched on age, gender, and years of education. Patient groups 

differed only in that Familial ALS patients had a longer duration of disease than Sporadic 

ALS patients. However, their degree of functional disability was similar.  
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There was a significant effect of Group on levels of depressive symptomology as identified 

by the HADS D, with Sporadic ALS patients showing significantly higher levels of 

depression than control participants, although this was well below levels which would 

indicate a clinical disorder. In order to exclude the possibility of low mood affecting the 

results, where correlations were found between HADS D score and performance on 

neuropsychological measures, this was entered as a co-variate. Participants did not differ 

significantly for Full-Scale Predicted IQ on the basis of NART score, and were matched by 

performance on Raven’s Standard Progressive Matrices. No participant had a marked 

discrepancy between predicted and actual RSPM performance indicative of dementia.  

3.4.11.2 Standard Measures of Executive Function 

In the domain of Executive Functions, no significant effect of group was identified for the 

Wisconsin Card Sorting Test. There was a significant effect of Group for performance on 

the Written Verbal Fluency Index, with Familial ALS patients performing significantly 

worse than control participants on this test. There was a significant effect of Group on 

reaction times to the Stroop test, with both patient groups taking longer to respond than 

controls, but these did not remain significant once motor speed had been accounted for. 

There was also a significant effect of Group on response times for the Hayling Sentence 

Completion Test; these differences became a trend approaching significance when 

accounting for motor speed. However, overall total scores on the Hayling Test were 

significantly poorer for Familial ALS patients. 

3.4.11.3 Measures of OFC Dysfunction 

There were no significant effects of Group for any of the tests thought to be associated with 

OFC, namely the Visual Discrimination Test, Iowa Gambling Task, or Faux Pas Scale.  

3.4.11.4 Language, memory, and visuospatial perception 

In the domain of language there was a significant effect of Group on the Graded Naming 

Test. Sporadic ALS patients were found to have poorer performance on this test relative to 

controls.  
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However, there was no significant effect of Group on either the TROG or Noun-Verb test, 

two tests of receptive language. There were no significant effects of Group for either of the 

two memory tests, the KOLT and the WRMT. In the domain of visuospatial perception 

there was a significant effect of Group for performance on the Judgement of Line 

Orientation, with Familial ALS patients showing a significant deficit relative to control 

participants. However, there were no significant effects of Group on the two subtests of the 

VOSP.  

3.4.11.5 Measures of Behavioural Change 

There was no significant effect of Group for the self-rated DEX, carer-rated DEX, SIML, 

or MBQ. Significant differences were found between self-rated and carer-rated scores on 

the DEX, with carers scoring patients significantly lower than patients scored themselves. 

An item analysis of the MBQ revealed that a proportion of carers did endorse items 

sensitive to the presence of FTD including ‘Loss of emotional insight’, ‘Selfishness’, 

‘General loss of interest’, ‘Sweet food preference’, and ‘Simple motor stereotypies’. 

However, they failed to endorse other items such as ‘Disinhibition’, ‘Neglect of hygiene’, 

or ‘Complex motor stereotypies’ which have been shown to be useful in identifying FTD 

(Snowden et al. 2001). In addition ALS patients did not appear to closely resemble the 

profile of behaviour change found in either the ‘apathetic’ or ‘disinhibited’ FTD subtypes. 

 

There was a significant effect of Group on the self-rated FRSBE for pre-morbid scores on 

the Disinhibition Subscale. These were found to be elevated in patients with Familial ALS. 

Following the onset of illness, Familial ALS patients had developed significantly higher 

scores on subscales of Apathy, Dysexecutive Function, and Total score. A repeated 

measures ANCOVA showed a significant effect of Time, and a Time x Group interaction 

for FRSBE Total T-Scores, indicating that both ALS patient groups had significantly higher 

levels of behavioural change following the onset of illness. 

 

 Following the onset of illness, the mean Familial ALS score was above the clinical cut-off 

of 65 for the FRSBE. Familial ALS patients were more likely to be considered a ‘case’ on 

Post-Illness Apathy than both controls and Sporadic ALS patients.  
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FRSBE Apathy score was correlated with a composite measure of Language, whilst the 

FRSBE Disinhibition score was correlated with a  composite measure of Memory. FRSBE 

Dysexecutive score was correlated with composite measures of Executive Function, 

Memory, and Language. Total score on the FRSBE was found to correlate with composite 

measures of Executive Function, Memory, and Language. Neither DLPFC, OFC, or 

Visuospatial Perception composite scores were correlated with any outcome score from the 

FRSBE. Whilst an association between neuropsychological test scores and a measure of 

everyday behaviour is a positive finding, there are several possible explanations. It may be 

that language impairment and behavioural apathy as well as memory and disinhibition each 

share common cortical pathways or are mediated by the same brain regions; more likely is 

that similar cognitive processes, over a more widely distributed network, are involved in 

each. 

  

The carer-rated FRSBE revealed no significant differences between Sporadic and Familial 

ALS groups on any outcome measures. On the DEX, FRSBE, and ELQ, carers consistently 

rated the ALS patient as having lower levels of psychological change than the patient rated 

themselves, often scoring at floor level.  

3.4.11.6 Measures of Emotional Change 

Results for the self-rated ELQ found a significant effect of Group in the domain of Crying 

and Total score, and that Sporadic ALS patients had significantly higher levels of emotional 

lability relative to patients with Familial ALS and control participants. The carer-rated ELQ 

detected no significant effect of Group for any domain, though there was a trend 

approaching significance for an effect of Group on the carer-rated domain of Laughing.  

An exploratory analysis of emotional lability found that a measure of emotional change (the 

ELQ) was correlated with performance on composite scores of neuropsychological tests, 

specifically those involving executive functions. Contrary to expectations the direction of 

the relationship was negative, with higher levels of lability found amongst patients with 

lower levels of executive dysfunction. There was also a significant positive correlation 

between Smiling and Language Function. Emotional lability was found to be higher 

amongst SALS patients than FALS patients and controls. The results of this study 

confirmed the existence of a relationship between emotional lability and 

neuropsychological measures, but in the opposite direction to predictions.  
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3.4.11.7 Percentile Analysis 

The current study assessed different methodologies for analysing neuropsychological data 

to compare groups. Using percentile cut-off scores instead of comparing the means of 

matched groups suggested a high proportion of ALS patients experience cognitive change.  

Approximately 31% of Familial ALS patients scored below the 5
th

 percentile on the Verbal 

Fluency Index, and 28% of Sporadic ALS patients scored below the 5
th

 percentile on the 

Graded Naming Test.  According to the definitions of Schulz et al (2005), approximately 

1/3 of ALS patients could be classified as ‘severely impaired’ by falling at or below the 5
th

 

percentile on two or more tests across different domains of function.  

3.4.11.8 Familial Subgroups  

Further analyses of Familial ALS patients revealed that the group differences in the 

comparison with Sporadic ALS patients on measures of Executive Function such as the 

Written Verbal Fluency Index and the Hayling Test may be accounted for by the impaired 

performance of Familial ALS patients without a SOD1 mutation. However, these patients 

showed little or no behavioural change and were less likely to suffer from emotional lability 

than both Sporadic ALS patients and Familial ALS patients with a SOD1 mutation. Patients 

with a SOD1 mutation demonstrated significantly higher levels of behavioural change as 

rated by the MBQ.    

3.5 Discussion 

The following sections will specifically discuss the implications for the findings reported in 

Chapter 3. An integrated consideration of findings from the neuroimaging and mood 

studies, as well as the wider implications for ALS, will be considered later in the General 

Discussion (Chapter 7).  
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3.5.1 Hypothesis One: Cognitive Change in Subgroups of ALS 

3.5.1.1 Executive function in Familial and Sporadic ALS  

The results from the current study indicate that Familial ALS patients have a pattern of 

cognitive deficits predominantly of a dysexecutive nature. In particular, poor performance 

was identified on two established tasks of Executive Function, the Written Verbal Fluency 

Index and Hayling Sentence Completion Test. When controlling for handwriting speed on 

the Verbal Fluency Index, Familial ALS patients took (on average) 4 seconds longer than 

control participants to generate each item in the ‘S words’ condition, and 10 seconds longer 

to generate each item on the ’4 letter C words’ condition. By contrast, Sporadic ALS 

patients did not appear to have a deficit on this task relative to control participants. This 

was an unexpected finding given that previous studies by our research group have 

consistently identified deficits in Sporadic ALS patients on tasks of verbal fluency 

(Abrahams et al. 1996; Abrahams et al. 1997; Abrahams et al. 2000; Abrahams et al. 

2004a; Abrahams et al. 2005b). It may be that our sample of Sporadic ALS patients was 

different in some way to the samples analysed by those studies. This issue will be explored 

more thoroughly in Section 3.5.5 as a possible limitation.  

 

In addition to impaired production of written verbal responses, the current study found that 

Familial ALS patients were significantly slower than control participants when generating 

spoken verbal responses on the Hayling Test. Familial ALS patients took on average three 

times longer than control participants to generate words in the Response Initiation section 

of the test, and around 70% longer to generate words in the Response Suppression section 

of the test. By contrast, the scores of Sporadic ALS patients were not significantly different 

from those of controls. As the SALS and FALS groups were matched for functional 

disability, this discrepancy appears to be cognitive, rather than physical in origin. The 

original study which developed the Hayling Test found significantly slower response times 

in patients with cortical lesions, especially in the anterior frontal lobes. The pattern of 

slowed response times generated by the Familial ALS group bear some resemblance to 

patients with unilateral left hemisphere lesions, but are not as marked as those of the 

bilateral frontal lesion group (Burgess and Shallice 1996).  
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Despite slowed response generation, neither Sporadic nor Familial ALS patients had a 

significantly higher error score than control participants. This is in contrast to the pattern 

found amongst patients with unilateral frontal lobe lesions who were found to make a 

higher number of errors in the Response Suppression section of the test by failing to 

generate a word which was not connected to the sentence and by failing to successfully use 

strategies (Burgess and Shallice 1996). However, there was a trend approaching 

significance for longer response latency amongst Familial ALS patients, thought to be 

indicative of the extra ‘thinking time’ needed to suppress words that are connected to the 

sentence (Burgess and Shallice 1996). This is further evidence that slowed responses are 

not caused by dysarthria, as the latency score takes the speed of speech production into 

account.  

 

Previous explanations for deficits on both the verbal fluency test and the Hayling test have 

been constructed in terms of dysfunction in the Supervisory Attentional System (SAS) 

(Abrahams et al. 2000; Bouquet et al. 2003; Nathaniel-James and Frith 2002). As described 

in Section 2.1.4.1, this is theorized to modulate non-routine cognitive processes and is 

thought to be involved in novel tasks, decision making, and overcoming temptation. It is 

particularly relevant to both tasks as it has been hypothesised that disruption of the SAS 

might lead to difficulty in producing responses without external cues (as on tests of Verbal 

Fluency) and also creating novel responses (such as on the Hayling Test). Intriguingly, a 

similar pattern of impairment was recently identified in a French study of patients with 

Parkinson’s Disease (Bouquet et al. 2003). Like the findings reported in the current study, 

the PD sample were impaired on a task of Verbal Fluency, and were slower than controls in 

generating responses to both Response Initiation and Response Suppression components of 

the Hayling Test, with higher latencies on Response Suppression when controlling for 

speed of speech production. Like the current study’s sample, the PD group made no more 

errors than control participants. The authors consider the SAS to be a useful model in 

explaining the relatively poor performance of this group, and consider that deficits reflect 

reduced resources available to the SAS. They suggest that the longer reaction times were as 

a result of difficulty in suppressing inappropriate responses rather than difficulty with word 

generation per se.  It is possible that part of the difficulty some ALS patients have in 

generating words in tasks of verbal fluency is caused by difficulty in suppressing 

inappropriate responses (e.g. rule breaks, duplicates).  
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No significant effects of Group were found for three other tests of executive function: 

Category Fluency (animals), the WCST and the Stroop Test. As described in Section 

2.1.3.1, deficits amongst ALS patients on the Category Fluency task have not been found 

consistently. Unlike letter fluency, which was found to be impaired in Familial ALS 

patients, category fluency relies on words generated by a semantic theme. It may be that as 

animals are easily grouped by semantic categories (e.g. pets, zoo animals, birds, insects, 

reptiles, fish, etc.) and because the task is only two minutes long, there is not enough 

variability in the data to identify any significant differences. A version of the test that was 

longer (e.g. five minutes) or more constrained (e.g. only animals with two legs) might be 

more taxing for use in future studies.   

 

By contrast, the WCST has found relatively consistent deficits amongst ALS patients (see 

Section 2.1.3.2), but in the current study revealed a high degree of variability in 

performance across all groups. Inspection of the means revealed that contrary to Hypothesis 

One, Familial ALS patients performed similarly to controls.  

 

On the Stroop Test, the current study found slowed reaction time in naming colours across 

all three conditions, but these differences did not remain significant once motor speed had 

been removed as a confounding factor. This highlights the importance of compensating for 

motor disability in diseases such as ALS. An example of this is the use of a copy condition 

as in the Verbal Fluency Index or the ‘Latency’ score on the Hayling Sentence Completion 

Test.  

3.5.1.2 Confrontation Naming impairment in Sporadic ALS  

Whilst Familial ALS patients were more impaired on the Verbal Fluency Index and the 

Hayling Test, Sporadic ALS patients had a greater degree of impairment relative to controls 

on a measure of confrontation naming, the Graded Naming Test (GNT). Such deficits have 

been reported previously in Sporadic ALS patients (see Section 2.1.5.1) and are thought to 

reflect a continuum of language dysfunction represented by MND-Aphasia at the most 

extreme end of the scale (see Section 2.1.5.2).  
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In contrast to patients with MND-Aphasia (Bak and Hodges 2001), the deficit found on the 

GNT appears relatively mild (mean difference = 2 points), but Table 3.27 reveals that 28% 

of the current group of Sporadic ALS patients scored at or below the 5
th

 percentile. Despite 

this, no patients had significant deficits on this test given their average NART scores. In 

contrast to patients with MND-Aphasia however, neither Sporadic nor Familial ALS 

patients in the current study displayed deficits on tasks of receptive language, such as the 

TROG or on a modified version of the PALPA designed to assess Verb-Noun dissociations 

(Bak and Hodges 1997; Bak et al. 2001).  

 

The involvement of receptive language may reflect a higher overall level of language 

impairment, but MND-Aphasia also appears to be phenotypically different from more 

typical cases of ALS in that language difficulties often precede physical symptoms and that 

the progression of physical symptoms is consistently rapid (Bak and Hodges 1997; Bak et 

al. 2001). On the basis of this finding it might be predicted that the MND-Aphasia 

syndrome is unlikely to occur in patients with Familial ALS.  

3.5.1.3 Memory  

In the current study, neither Familial nor Sporadic ALS patients showed evidence of  

impairments on two tests of memory, the KOLT and the WRMT. Previous findings have 

been inconsistent (see Section 2.1.4), although deficits on the WRMT have been found 

amongst ALS patients (Abrahams et al. 1997), that study used the age-scaled scores, which 

were unavailable for use in the current study due to the wider age range of participants 

recruited.  

3.5.1.4 Visuospatial Perception 

It was predicted that visuospatial perception would also be spared, but contrary to 

expectations, Familial ALS patients performed more poorly on the Judgement of Line 

Orientation (JLO) relative to control participants, with 21% of FALS patients performing at 

or below the 5
th

 percentile. This is in contrast to previous studies which found no 

impairment amongst ALS patients using this test (Hanagasi et al. 2002; Massman et al. 

1996; Abrahams et al. 2004a).  
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However, these studies did not specifically examine visuospatial perception in patients with 

Familial ALS; it may be that this is a deficit unique to that group and represents a 

disturbance of the visuospatial processing. This will be discussed further in Section 3.5.6. 

Alternatively, it may be that this group’s more severe pattern of executive dysfunction 

could be responsible for impaired performance through apathetic responding or poor use of 

strategies. However, if this were the case more widespread global deficits on other 

neuropsychological tests might be expected.  

3.5.2 Hypothesis Two: No Evidence for OFC Dysfunction  

On the basis that MND-D patients are characterized by disinhibited behaviour thought to be 

associated with OFC dysfunction (Neary et al. 2000), it was hypothesized that there would 

be some degree of OFC dysfunction amongst ALS patients with mild cognitive change. 

However, on a number of experimental measures designed to assess OFC function, namely 

the Visual Discrimination Test, Iowa Gambling Task, and Faux Pas Scale, no significant 

effect of Group was found. In addition, FALS patients performed no worse than SALS 

patients on these tasks. These findings fail to support Hypothesis Two. The most obvious 

explanation is that OFC dysfunction is not a feature of ALS in the absence of dementia. 

Neary et al’s (2000) review article implicated the OFC as being associated with disinhibited 

behaviour on the basis of the neuropathology literature. In addition, experimental findings 

from individuals with OFC damage indicate that they can have profound social deficits 

whilst performing relatively normally on tasks of executive function (Damasio et al. 1990).  

It was with such findings in mind that the Iowa Gambling Task (designed by Damasio’s 

group) was employed in the current study. Along with the Visual Discrimination Test, the 

aim was to assess patients’ ability to predict future consequences on the basis of previously 

reinforced behaviour. However, in contrast to the Visual Discrimination Test, the Gambling 

Task did not include a requirement for participants to show set shifting ability. In addition, 

a measure of empathy (the Faux Pas Scale) was employed to test ‘Theory of Mind’.  

 

It is possible that the measures selected to examine OFC function may not have been 

sensitive enough to detect any impairment. However, it would still be expected that either 

patients or carers would have reported some degree of disinhibited behaviour. 
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The basis for Neary et al’s (2000) assumption that the OFC mediates behavioural changes 

in MND-D was on the basis of neuropathological research from patients with FTD and the 

literature on traumatic brain injury including such well known cases as Phineas Gage (Ratiu 

et al. 2004). Evidence of behavioural changes identified with OFC involvement, 

specifically disinhibition, will be discussed in Section 3.5.3.1.  

 

Previous studies examining the brains of patients with MND-D have identified 

neuropathological changes in the anterior cingulate (Wilson et al. 2001; Maekawa et al. 

2004), parahippocampal gyrus (Kawashima et al. 2001; Tsuchiya et al. 2002; Nakano 

2000), amygdala (Kawashima et al. 2001; Tsuchiya et al. 2002; Nakano 2000), substantia 

nigra (al Sarraj et al. 2002), and DLPFC (Maekawa et al. 2004), as well as the frontal 

cortex more generally (Wilson et al. 2001; Yoshida 2004). To date, however, no 

neuropathological study has specifically identified the OFC as a site of neuronal loss or 

pathological change in any patient with ALS, though it may well be associated with certain 

forms of FTD (Lo and Nacci 2004; Rahman et al. 1999; Rankin et al. 2004b; Grimmer et al. 

2004a). Undoubtedly it would be useful for future research to categorize MND-D patients 

by Neary’s Disinhibited/Apathetic/Stereotypic criteria and assess them neuropathologically 

after death in order to confirm this hypotheses. 

3.5.3 Hypothesis Three: Behavioural Change  

3.5.3.1 Behavioural Change in ALS 

The results of the current study confirm that there is a degree of behavioural change both in 

patients with Sporadic and Familial ALS, this being more marked in the latter group. These 

findings support Hypothesis Three. However, no significant differences were elicited by the 

SIML, an inventory which examines minor lapses of attention and memory on a daily basis.  

A recent study using the SIML found that carers of ALS patients were increasingly aware 

of minor lapses made over a 6 month period (Abrahams et al. 2005b). However, these 

findings were only significant using a carer-rated version of the SIML whilst the present 

study used a self-rated version.  
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In addition this difference was only found over time, not at a single point. In addition, that 

study found that carer’s ratings of ALS patients on the SIML were low relative to controls. 

In combination, these findings indicate that minor lapses of attention and memory are not 

the most prominent form of behavioural change in ALS. This implies a less severe pattern 

of temporal than frontal lobe pathology and has relevance for the development of treatment 

protocols. In particular, it might be reassuring in discussing cognitive change to establish 

that ALS will not lead to profound memory changes, such as the inability to name loved 

ones which can be very distressing. 

 

A behavioural measure of executive function, the self-rated DEX questionnaire, also failed 

to identify significant differences between groups. A limitation of the DEX questionnaire is 

that it does not use clinical cut-off scores and no healthy normative data are available, 

making it difficult to draw a conclusion from this finding. In addition, control participants 

endorsed a relatively high number of items, suggesting that the DEX is not specific enough 

for clinically significant levels of dysexecutive function. However, significant differences 

were identified on another measure of executive function, the FRSBE. Familial ALS 

patients had a higher degree of self-rated behavioural abnormalities than control 

participants on all subscales of the FRSBE except Disinhibition.  

 

As has been described in the previous section, Familial ALS patients had significantly 

higher premorbid rating scores on the Disinhibition subscale, and following the onset of 

illness they reported significantly higher scores on the Apathy and Dysexecutive Function 

subscales, as well as showing higher overall scores. Figure 3.3 illustrates that the severity 

of post-illness behavioural changes for Familial ALS patients is, on average, above cut-off 

for clinical caseness. Sporadic ALS patients also have an increased level of behavioural 

change but this does not reach clinical cut-off for caseness. By contrast, when asked to 

report their levels of behavioural change over the preceding two years, control participants 

rate themselves as highly stable over time.  The nature of behavioural change in ALS 

appears to be of a more apathetic, dysexecutive nature than a pattern of disinhibition.  

Comparison of the raw FRSBE scores with previous findings suggest lower levels of 

apathy and executive dysfunction amongst SALS and FALS than was found amongst 

patients with Alzheimer’s Disease, Huntington’s Disease, Parkinson’s Disease, FTD, 

dementia, or stroke (Stout et al. 2003).  
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As predicted in Hypothesis Three, poor performance on neuropsychological measures of 

cognitive function was correlated with increased levels of behavioural change on a self-

rated measure, the FRSBE. Composite scores of Executive Function, Memory, and 

Language were all associated with behavioural change, particularly of a nature measured by 

the Dysexecutive subscale of the FRSBE. It may be that there is an executive contribution 

to deficits on tests of memory and language, for example in encoding, rehearsal, and the use 

of retrieval, with studies of patients with traumatic brain injury suggesting an association of 

this role with the prefrontal cortex (Wheeler and Stuss 2003). These findings lend support 

to the notion that impaired performance on neuropsychological tests is not isolated to a 

testing situation but may be an important predictor of function in daily life.  

 

It was hypothesized that a failure on ‘OFC tasks’ would be associated with self- and carer-

rated behavioural reports of disinhibited behaviour such as rash financial decisions or 

impulsivity. In fact, only a composite score of Memory function was correlated with the 

FRSBE Disinhibition score. The Disinhibition subscale of the FRSBE found no significant 

differences between Sporadic ALS patients and controls. However, Familial ALS patients 

rated themselves as more disinhibited than either Sporadic ALS patients or control 

participants before the onset of their illness. On the self-rated FRSBE scale, 29% of 

Familial ALS patients were above cut-off for caseness on the Disinhibition subscale 

compared to 10% of Sporadic ALS patients and 11% of control participants. This is 

particularly noteworthy given that behavioural changes in MND-D often precede the 

appearance of motor signs, and may be a behavioural indication of early OFC dysfunction, 

although much milder than that associated with FTD. Comparison of the raw scores with 

previous findings suggest a similar level of disinhibition amongst FALS as was found in 

patients with Huntington’s Disease, head injury, or stroke, but not as high as was found in 

patients with FTD (Stout et al. 2003). 

 

An important consideration when considering behavioural change in a population with  

profound disability is the contribution of physical symptoms to their endorsement of 

specific items. For example, being able to do two things at once may be a direct function of 

limb function, or planning for the future might be difficult because of the patient’s 

prognosis rather than any planning deficit.  
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In the absence of a surrogate marker of ALS it is difficult to rule this out conclusively, 

although in the present study it should be considered that there was no correlation identified 

between ALSFRS-R score and any behavioural outcome measure. The creation of a 

questionnaire specific to behavioural change in ALS, and which takes physical disability 

into account, might prove useful in exploring this issue further. 

3.5.3.2 Behavioural Change in ALS and FTD 

No significant differences were identified between FALS and SALS subgroups for score on 

the MBQ. This carer-rated measure was designed to distinguish different forms of 

dementia, specifically FTD, Alzheimer’s, and Semantic Dementia. If mild cognitive change 

in ALS truly represents a less extreme version of FTD then it would have been expected 

that Familial ALS patients (who, as a group scored higher on neuropsychological and 

behavioural measures of cognitive change), would be endorsed by their carers on some of 

the items associated with FTD. In fact, it was a Sporadic ALS patient who had the highest 

number of core criteria items endorsed (10 out of 14, see Table 3.16). 

 

In particular, Bathgate et al indicated loss of basic emotions, social emotions, selfishness, 

disinhibition, neglect of personal hygiene, loss of interest, hyperorality, and stereotypic 

behaviour as being hallmarks of FTD (Bathgate et al. 2001a). Whilst these items were 

endorsed for some ALS patients, there were few indications of disinhibited-type behaviours 

such as swearing in public or hypersexuality. There were also no indications of items 

highly specific to FTD such as food ‘cramming’. Hence whilst there is some evidence of 

behavioural change, this does not conform absolutely to the pattern found in FTD. 

 

Furthermore, it was suggested that MND-D patients most closely resemble the FTD-D 

subtype rather than that of FTD-A. If mild cognitive change is a milder presentation of 

MND-D then it would be predicted that a consistent pattern of behaviours associated with 

FTD-D should be evident. However, as shown in Table 3.17, ALS subgroups did not show 

a pattern of behaviour entirely consistent with either subgroup. Without control data for 

comparability, it is difficult to assess to what extent these symptoms might be present in 

any population with a chronic disabling disease (see Section 4.4.7.1. for the comparison 

between ALS and PMA). In the absence of self-rated scores and cut-off values, and in 

combination with the under-reporting described in Section 3.5.3.3, it is difficult to draw 
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firm conclusions from the current study’s use of the MBQ. There is also the possibility that 

modification of the MBQ (see Appendix 15) removed some items that may have proved 

useful had they been retained. Carers endorsing changes in food preference were mostly 

related to consistency due to swallowing problems, and many patients had specifically been 

instructed by their doctors to eat more food (hence endorsing the ‘gluttony’ item). “Sweet 

food preference” and “Food seeking behaviour” may have been endorsed when dietary 

changes caused a reliance on sweet snack foods as opposed to big meals. Whilst the item 

“Loss of emotional insight” appears high in our sample, this item was frequently endorsed 

if the patient cried more often after the onset of illness than previously. Given the terminal 

nature of their illness, this is hardly surprising. It would appear from these findings that 

behavioural change in ALS does not follow the same pattern as that found in MND-D.  

 

In addition, none of the current study’s patients were clinically identified by their 

neurologist as having any type of cognitive change, despite attending a specialist MND 

clinic whose staff are sensitive to the presence of cognitive dysfunction in ALS. This would 

seem to indicate that despite self-rated and carer reports of some mild behavioural changes, 

the sample were unlikely to have MND-D, though this is not formally assessed during most 

clinic appointments. Undoubtedly there is a requirement for better screening tools for the 

presence of behavioural abnormalities in ALS, as this may also have an impact on more 

complex tasks of daily living such as driving, doing the family finances or having a 

professional occupation. 

3.5.3.3 Possible under-reporting of cognitive change by carers 

Several of the behavioural measures used in the current study were completed in two forms; 

self-rated and carer-rated. The use of carer-rated measures was thought to be particularly 

important in this study given that patients with frontal lobe changes can experience a loss of 

insight and so be unaware of their problems (Bathgate et al. 2001a; Graham et al. 2005; 

Moretti et al. 2005; Starkstein et al. 2004). Contrary to expectations, however, carer-rated 

scores on the DEX, ELQ, and FRSBE were significantly lower than patients’ self-rated 

scores, with many scores at floor level. There are several possible reasons for this finding: 

It may be that carers are consistently under-reporting behavioural change that they have in 

fact noticed. In older people, cognitive change or even dementia may be under-reported, 

minimised, or considered normal by carers (Morgan et al. 1997; Glasser et al. 1994).  
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Under-reporting is also an acknowledged source of bias in other fields of research, 

particularly in sensitive areas such as dietary intake (Hebert et al. 2001; Black and Cole 

2001), alcohol intake (Stockwell et al. 2004; Kroke et al. 2001), high risk drug use (Des et 

al. 1999), and suicide (Wasserman and Varnik 1998; Connolly and Cullen 1995).  

Under-reporting has also been described in reporting of medical symptoms that might be 

thought to have lifestyle or emotional consequences. For example, patients with untreated 

sleep disorder were likely to deny compromised driving ability (Engleman et al. 1997), 

possibly due to fear that they would be banned from driving. Health workers are known to 

under-report needle-stick injuries, despite the fact that early treatment is the best way to 

reduce risk of infection (Cato and Mulhall 1994; Waterman et al. 1994).  

 

Possible reasons for under-reporting in ALS might be denial, a perceived loss of dignity, 

resistance to attributing negative characteristics to a loved one, ignorance of cognitive 

involvement in ALS, or fears that reporting cognitive change might lead to the patient 

being hospitalised. An alternative explanation is that in contrast to florid behavioural 

symptoms such as delusions or hallucinations, executive dysfunction is too subtle for others 

to interpret. Items such as “Getting stuck on certain ideas”, “Does not learn from past 

experience”, or “Is unaware of problems or mistakes” may be difficult to judge from an 

external perspective. Finally, it is often the case that patients with ALS have had to stop 

work due to physical disability. The decreased task demands of their daily lives and 

changing role within a family may no longer put them in a position where complex 

executive behaviours are undertaken, providing carers with no relevant experience from 

which to make a judgement. Several explanations may account for the discrepancy between 

self-report and carer-report measures of behavioural change, but of the accounts offered 

here, under-reporting may be the most likely explanation. 

3.5.4 Exploratory Study 1: Emotional Change 

Despite its occurrence in an number of neurological disorders including stroke, MS, and 

Parkinson’s Disease, emotional lability remains poorly understood (Feinstein et al. 1997; 

Iannaccone and Ferini-Strambi 1996; Moore et al. 1997; Morris et al. 1993; Sloan et al. 

1992). A previous study of patients with ALS found that those with emotional lability had 

significantly poorer performance on the WCST (McCullagh et al. 1999).  
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In that study, both groups were matched for levels of corticobulbar involvement, a potential 

confounding variable as pseudobulbar palsy is also associated with both emotional lability 

and higher levels of cognitive change (Abrahams et al. 1997; McCullagh et al. 1999). The 

authors suggested a complex network linking mood, affect, and behavioural regulation 

involving the dorsolateral prefrontal cortex. In the current study, patients with SALS were 

found to have higher levels of emotional lability on all subscales relative to control 

participants and FALS patients. This may have been due to a larger sample size increasing 

the likelihood that patients with pathological levels of lability would be recruited. It is 

unclear why FALS patients should demonstrate lower levels of lability when their 

performance on some neuropsychological tests was significantly worse than that of SALS 

patients; this issue will be explored further in Section 3.5.6.  

 

In support of the exploratory study’s predictions, emotional lability was found to be 

correlated with a composite score of executive function generally, but not with composite 

scores of either DLPFC function or OFC function specifically. Contrary to expectations,  

the direction of the relationship between executive function and emotional lability was 

negative, which contradicts the McCullagh et al’s findings. There was also a positive 

correlation between emotional lability and language function, a novel finding that had not 

been predicted. This could be an artefact of amalgamating findings from the SALS and 

FALS group; SALS patients had higher levels of emotional lability and language 

dysfunction whilst FALS patients had lower levels of emotional lability but higher levels of 

executive dysfunction. Thus whilst McCullagh et al’s theory is not supported, the current 

study’s findings remain vague and say little about the underlying mechanisms of emotional 

lability, perhaps due to the selection criteria used. One potentially important area of 

development in further understanding emotional lability is the development of new 

treatments such as Neurodex (a preparation combining Dextromethorphan and Quinidine), 

which have been proven to be effective in ALS and are currently undergoing trials in MS 

and stroke (Brooks et al. 2004). If this finding is replicated, a future avenue of research 

might combine functional neuroimaging with a randomised control trial of Neurodex in 

order to elucidate the mechanism underlying treated and untreated emotional lability.  
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As discussed in Section 3.5.3.3, in the current study there were discrepancies between self- 

and carer-rated indices of behavioural change in ALS. This is also true of emotional 

change. For example, Figure 3.6 shows a discrepancy of 20 points (2-3 s.d.’s) for the 

highest scoring participant with Sporadic ALS (ID 30) between self and carer ratings.  

Table 3.25 shows that in the domain of labile laughing, no carer of a Familial ALS patient 

endorsed a single item. By contrast, 27% of Familial ALS patients rated themselves above 

cut-off on this score.  Emotional lability can be very distressing for both patient and carer 

and may have a negative impact on the quality of their relationship (Brooks et al. 2004).  

Therefore it seems plausible that under-reporting of this symptom reflects denial as a 

coping mechanism by carers. In Chapter 6, cerebral correlates of ELQ scores will be 

considered using PET imaging, and emotional lability will be considered in more detail in 

the General Discussion, Chapter 7. 

3.5.5 Percentile Analysis 

The use of percentile cut-off scores reflects an alternative means of assessing cognitive 

change relative to the normal population. In the current study, percentile analysis was used 

to allow comparison with a recently reported study of cognitive change in a large sample of 

ALS patients in the USA (Schulz et al. 2005). In the current study, the use of cut-off scores 

found significant differences between groups for the Verbal Fluency and Graded Naming 

tests. Based on Schulz’s criteria for impairment, the current study found that a substantial 

proportion of Sporadic (30%) and Familial (33%) ALS patients were classified as having 

‘Severe’ cognitive change, on the basis of scoring below the 5
th

 percentile on two or more 

measures in different domains of functioning.  

 

Whilst the use of these composite cut-off scores identified no differences between the 

performance of Sporadic and Familial ALS patients, the use of mean scores found that 

Familial ALS patients had more impairment than Sporadic ALS patients on a range of 

neuropsychological tests. However, a reanalysis comparing the number of tests failed by 

each subgroup found a significant effect of Group, with Familial ALS patients failing a 

larger number of tests than either Sporadic ALS patients or control participants.  

Rather than considering the use of percentile cut-off scores per se as problematic, it may be 

that the chosen cut-off point at which to describe patients as ‘impaired’ or ‘normal’ should 

be established with greater care.  
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The use of percentile scores might also be useful in providing a benchmark of normality for 

test scores, rather than simply reporting a relative deficit of unclear clinical relevance. A 

reanalysis of Shulz et al’s findings counting the number of tests failed may produce a 

different conclusion. Several limitations in Shulz et al’s study should be considered. Schulz 

et al’s Sporadic ALS patient and control groups were substantially different from one 

another on key demographic variables. Control participants were, on average, 14 years 

older than Sporadic ALS patients and had two more years of education. 

 

Whilst the authors state that they used tests “normalized for age and education” it would 

have been preferable to use a matched control group as in the current study. In designating 

criteria for cognitive status, the authors suggest that whilst patients classified as ‘Severely 

impaired’ should be considered as having MND-D, those with cognitive impairment but 

without dementia should be classified as ‘Mildly impaired’. The present findings have not 

supported the notion that ALS with dementia and ALS with cognitive change are identical, 

differing only in degree, and labelling them in a continuous fashion on the basis of current 

evidence may be misleading.   

 

Schulz et al’s findings do not support previous findings of higher levels of cognitive 

impairment amongst patients with bulbar dysfunction (Abrahams et al. 1997; Massman et 

al. 1996; McCullagh et al. 1999). They also identified visual memory deficits amongst 

‘moderately’ and ‘severely’ impaired Sporadic and Familial ALS cases, in contrast to most 

reports of MND-D as well as ALS patients with cognitive change (see Sections 2.1.2 and 

2.1.3). In contrast to the current study’s finding, Schulz et al found that a similar proportion 

(51%) of Sporadic and Familial ALS patients had moderate to severe levels of cognitive 

impairment on a number of neuropsychological tests. The conclusion that 1 in 2 ALS 

patients has moderate to severe levels of cognitive impairment is not one that has been 

supported by the present study or indeed most of the literature. Their use of a consecutive 

sample including patients with other co-morbid illnesses, poor respiratory function, and 

psychotropic drugs may have inflated this estimate. 

 

The comparison of these two analyses in the current thesis revealed that the use of 

percentile cut-off scores and categorization was likely to obscure significant between-group 

differences and may overestimate the proportion of cognitively impaired patients.  
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A higher proportion of control participants in the current study could be considered to have 

mild (23%), moderate (3%), or severe (11%) cases of  cognitive change, in contrast to 

Schulz’s control group, 95% of whom were classified as ‘intact’ and 5% of whom were 

‘mildly impaired’, with no participant scoring in the moderate or severe range. This may 

reflect the non-matched control group used in that study. In conclusion, the use of matched 

groups for between-group comparison of means remains the optimal means of assessing 

cognitive change.  

3.5.6 Exploratory Study  2: Familial ALS & SOD1 

It has now been established that the performance of Familial ALS patients differs 

significantly from control participants on a number of cognitive and behavioural measures. 

Exploratory analyses revealed a number of interesting trends approaching significance for 

Familial ALS patients to differ according to their genetic status. Those with a SOD1 

mutation appear younger at onset, and appear to have a relatively preserved cognitive 

profile on executive measures such as the Wisconsin Card Sorting, Verbal Fluency, and 

Hayling Tests. Due to the small numbers used, these trends were not statistically 

significant, but inspection of the means and measures of effect size showed the differences 

were noteworthy.  

 

Despite having similar levels of physical disability, patients without a SOD1 mutation took 

about twice as long to complete the Response Initiation and Response Suppression sections 

of the Hayling Test. They had a longer latency (took longer to suppress related words) and 

made three times as many errors. Comparison with Table 3.9 reveals that patients with a 

SOD1 mutation have a similar profile on the Hayling Test to controls, but that all other 

Familial ALS patients are so impaired on the test that they depress overall group 

performance.  

 

A similar pattern emerges with the Verbal Fluency Index; SOD1 FALS patients have a 

pattern of performance similar either to Sporadic ALS patients or control participants. It is 

the FALS patients without a SOD1 mutation who account for the Familial group’s apparent 

deficits. In contrast, Despite normal performance on neuropsychological tests of executive 

function, it is in fact patients with a SOD1 mutation who show higher levels of behavioural 

change, scoring significantly higher on the MBQ.  
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As this finding conflicts with the lower level of cognitive dysfunction revealed by 

neuropsychological testing, it is difficult to draw any conclusions from this finding. 

However, patients with a SOD1 mutation do not appear to be scoring much higher than 

Sporadic ALS patients (see Table 3.16) but it is interesting that patients without a SOD1 

mutation score almost at floor level.  

 

Had this finding been confirmed by a similar pattern on the FRSBE and DEX then it might 

have been explained in terms of a distinction between ‘dysexecutive syndrome’ and ‘mild 

behavioural change’ but both tests show the two Familial ALS subgroups to be equivalent. 

There was also a trend for patients with a SOD1 mutation to score higher on the ELQ 

across all subscales, particularly laughing and smiling, and in overall score, whose mean is 

above the cut-off score of 11. Future research should consider the levels of emotional 

lability in patients with MND-D in order to further elucidate what may be a dissociation 

between executive dysfunction and emotional lability. 

 

Whilst the clinical profiles associated with specific mutations are relatively well known, 

little research has sought to examine the cognitive profile of Familial ALS patients with 

SOD1 mutations. The only example in the literature is a single abstract comparing Familial 

ALS patients with and without SOD1 mutations (Portet et al. 2000). Relative to norms they 

found impaired performance in all Familial ALS patients on tests of executive function. 

These deficits were relatively mild in 2 patients with the SOD1 (H46R) mutation, but 

severe in a single patient with an autosomal dominant version of the SOD1 (D90A 

mutation). The largest study using neuropsychological tests with Familial ALS patients 

(n=46) failed to separate patients into subgroups by SOD1 status (Schulz et al. 2005). 

 

In summary, Familial ALS patients as a group have been shown to have a more severe 

profile of cognitive change than Sporadic ALS patients. Within this group, however, it 

appears that having a SOD1 mutation may confer some degree of protection against 

executive dysfunction. However, there is some evidence to suggest that other types of 

psychological change, such as behavioural change or emotional lability may remain 

elevated in this group. 



 167 

3.5.7 Implications for pathology of Familial ALS  

Perhaps the most important consideration is why Familial ALS patients have a more 

pronounced pattern of executive and visuospatial perception dysfunction relative to 

Sporadic ALS patients. The original hypothesis was formed on the basis of Hudson et al’s 

(1981) review paper which found that 15% of families with Familial ALS also had 

dementia, as opposed to around 5% of families with a Sporadic ALS patient. 

On this basis, it might be expected that having a family background of ALS might confer 

an increased susceptibility to cognitive change through some sort of shared pathogenesis.  

Pathologically, Hudson noted that Familial ALS patients were more likely to have 

degeneration of the posterior columns of the spinal cord than Sporadic ALS patients (70% 

vs. 10%) and also Clarke’s column (50% vs. 0%), though these are somatosensory tracts 

and are unlikely to be involved in cognitive change. So far no studies have prospectively set 

out to compare Sporadic and Familial ALS cases pathologically, though when Familial 

cases arose in a series of patients with MND-IBD (see Section 2.4.4) they were not found to 

be neuropathologically different from Sporadic cases (Jackson et al. 1996).  

 

Of equal interest to the more pronounced executive deficits in the Familial subgroup is the 

fact that unlike patients with SALS, FALS patients were not impaired on a test of 

confrontation naming, the Graded Naming Test. This is particularly difficult to explain as 

50% of MND-Aphasia patients also had personality changes indicative of MND-D (Bak et 

al. 2001; Doran et al. 1995). This might be a statistical artefact of a smaller sample size in 

the FALS group.  

 

Genetics studies will undoubtedly shed more light on these shared mechanisms, and a 

number of regions on chromosomes 9 (Hosler et al. 2000), 17 (Wilhelmsen et al. 2004), and 

21 (Prudlo et al. 2004), have already been implicated as shared loci for both ALS and FTD. 

The difficulty in relating these studies to our own findings is that FTD tends to be a clinical 

diagnosis and case reports in the literature do not contain neuropsychological data.  
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Florid behavioural symptoms such as inappropriate sexuality, social disinhibition, and 

compulsive collecting were absent in our sample, and until the relationship between FTD 

and milder forms of cognitive change are established it would be premature to assume that 

the two are varying extremes of the same factor. Future studies will need to combine high-

throughput prospective studies of cognitive function combined with genetic  

screening in order to identify risk factors for milder forms of cognitive change.  

3.5.8 General Discussion  

The current study demonstrated several key findings. Firstly, where cognitive deficits do 

occur in ALS, they are predominantly restricted to executive dysfunction. Although, in 

addition, there may also be impairments of language and visuospatial perception. Executive 

dysfunction is more likely to occur in patients with the Familial form of ALS, particularly 

in patients without a SOD1 mutation. Deficits of visuospatial perception were found 

amongst Familial ALS patients, again with poorer scores (but not significantly so) amongst 

patients without a SOD1 mutation. This finding was surprising given that visuospatial 

perception has traditionally been held to be intact in ALS. Whether this finding is unique to 

FALS patients remains unclear and warrants further research. 

 

Impairments of confrontation naming were only found in patients with the Sporadic form of 

ALS, with approximately 1/3 of patients scoring at or below the 5
th

 percentile. Whilst only 

a small number of cases with MND-Aphasia have been reported in the literature (Bak and 

Hodges 1997; Bak and Hodges 1999; Bak et al. 2001; Bak and Hodges 2001; Caselli et al. 

1993; Doran et al. 1995; Rakowicz and Hodges 1998; Cobble 1998), to the author’s 

knowledge none of these has had a family history of ALS although several had evidence of 

behavioural disinhibition consistent with FTD.  

 

It may be that MND-Aphasia is of sporadic origin and quite different to the often inherited 

form of FTD that may co-exist in families with ALS or MND-D (Hudson 1981). These 

distinct patterns of impairment tentatively suggest, as was the case in a recent PET 

neuroimaging study (Turner et al. 2005a), that there may be distinct patterns of extra-motor 

involvement in different phenotypes of ALS. The current study has divided these into what 

may turn out to be rather arbitrary cut-off points of Familial and Sporadic ALS.  
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In time, the divisions of limb vs. bulbar onset and slow vs. fast progression may lead to 

further sub-classifications of the disease, as has been attempted in PLS (Zhai et al. 2003). A 

surrogate marker of disease would undoubtedly help delineate this taxonomy, but until that 

time it is likely that neuropsychological studies will continue to find a heterogeneous 

profile of impairment amongst such mixed groups.  

 

The second key finding of this study was that OFC dysfunction does not appear to be a 

feature of ALS as detected by neuropsychological testing. Whilst this does not rule out the 

involvement of the OFC in MND-D, further neuropsychological, neuroimaging, and 

neuropathological studies are required to verify this. The only indication of possible 

behavioural manifestations of OFC dysfunction were amongst FALS patients, who reported 

significantly higher levels of premorbid disinhibition on the FRSBE. This has implications 

for the pathogenesis of extra-motor change in MND, which will be discussed in Chapter 7.  

 

The third key finding relates to behavioural changes in ALS. The FRSBE revealed 

significant post-illness group differences between FALS patients and control participants 

on all subscales except Disinhibition. In particular, FALS patients were twice as likely 

(57%) to be considered a case on the Apathy subscale compared to SALS patients (31%) 

despite having similar levels of physical disability. In addition to cerebral changes, it is 

worth bearing in mind that patients with the Familial form of the disease will often have 

cared for another family member as they have developed and died from ALS. This 

experience may have had a psychological impact on the individual that affects their mood 

and motivation. The area of low mood in Sporadic and Familial ALS will be explored 

further in Chapter 5. 

 

The MBQ was designed to distinguish patients with FTD from other forms of dementia and 

was included in the current study to test the notion that ALS with cognitive change was a 

milder form of MND-D. Although some items associated with FTD were endorsed by a 

relatively high proportion of carers, these were not in a consistent pattern with either the 

disinhibited or apathetic forms of FTD. Furthermore, many carers offered caveats when 

endorsing certain items, suggesting these items may have been confounded by physical 

problems.  

 



 170 

Negative findings on the SIML indicate that the nature of behavioural change found in ALS 

does not cause significant memory dysfunction and minor lapses in everyday behaviour. A 

lack of significant differences between groups on the DEX may reflect flaws in the use of 

that instrument within the ALS population. Whilst there was no self-report version of the 

MBQ, for all measures with a self- and carer-rated version (including the ELQ, DEX, and 

FRSBE), carers scored patients significantly lower on emotional / behavioural change than 

those patients scored themselves, perhaps for reasons outlined in Section 3.5.3.3. Therefore 

these findings should be interpreted with caution, and may in fact underestimate the 

proportion of patients showing FTD-like behavioural symptoms. 

 

Fourth, the ELQ demonstrated that emotional lability was more common amongst Sporadic 

ALS patients than Familial ALS patients and control participants, particularly in the 

domain of crying, where up to 48% of SALS patients could be considered a ‘case’. In line 

with predictions and the findings of previous studies (McCullagh et al. 1999), higher levels 

of emotional lability were significantly associated with  poorer performance on test of 

executive function and language function. Despite higher levels of executive dysfunction in 

FALS patients they did not have high levels of emotional lability, suggesting that the 

relationship between the two is not a simple one. It may be that this is mediated to some 

extent by a third factor, the degree of pseudobulbar palsy, which has also been shown to be 

a significant factor in the presence of cognitive change (Abrahams et al. 1997) and 

emotional lability (Newsom-Davis et al. 1999). Without a broader sample of patients with 

pseudobulbar affect this theory can not be tested within the current study, but may be a 

future avenue of research. 

 

 Finally, the current study was the first to compare subgroups of Familial ALS patients with 

and without a SOD1 mutation. Whilst the small sample size in each group made significant 

findings unlikely, the calculated effect sizes in Table 3.32 indicate further data should be 

collected for the WCST, VFI, and Hayling Test. The implications for neuroprotection 

afforded by a SOD1 mutation are discussed in Section 3.5.11.1. 
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Overall, these findings portray a complex and heterogeneous picture of cognitive change in 

ALS, rather than a linear relationship of pathology in a specific set of regions 

corresponding to cognitive and behavioural change. There is evidence to show that 

different phenotypes (and genotypes) of ALS have differential involvement and severity of 

change in cognitive, behavioural, and emotional function. 

3.5.9 Limitations 

The current study had a number of limitations which may affect interpretation of the results 

and how these might be generalised to the wider MND population.  

3.5.9.1 Participants 

The current study used a highly constrained set of exclusion criteria in recruiting 

participants. Patients with high blood pressure, clinical depression, concomitant serious 

illness, psychotropic medication, history of significant head injury, and poor respiratory 

function were all excluded from participating.  Whilst this means that any cognitive 

changes identified are likely to be organic in nature, the sample may not reflect the majority 

of ALS patients. In addition to our exclusion criteria, there is the possibility that our sample 

was self-selected on the basis of physical disability, mood, and motivation. As the test 

battery was quite long (around 4.5 hours), patients with more severe disability may have 

opted not to participate. Therefore, the current study most likely under-estimates the degree 

of cognitive change experienced by ALS patients in toto and should not be taken to reflect 

the prevalence of cognitive change in the general ALS population. 

 

In the current study, a relatively high proportion of our Familial ALS sample had a known 

SOD1 mutation; whilst the literature would suggest that SOD1 accounts for around 20% of 

Familial cases, they were present in 46% of our familial sample. This may indicate a biased 

sample due to clinical practicalities involved in identification of Familial ALS cases. Since 

Familial ALS patients with SOD1 mutations show a lesser degree of cognitive change than 

Familial ALS patients without a SOD1 mutation, this may lead to an under-estimate of 

cognitive change in this group. 
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3.5.9.2     Methodology 

As described above, the test battery used was long and may have been tiring for some 

patients. Although they were encouraged to take frequent breaks and split testing up into 

two shorter sessions where needed, testing may have caused physical and mental fatigue.  

As the nature of the study and the disease meant that a randomised test order would not 

have been appropriate (see Section 3.3.3), it was not possible to exclude fatigue effects as a 

confounding factor in the  results. In the presence of marked fatigue effects, group 

differences might be expected on discrepancies between actual and predicted score on 

Raven’s Standard Progressive Matrices, the last neuropsychological test in the battery and 

one that is both long (~ 40 minutes) and, in the later stages of the test, extremely difficult. 

However, there was no significant effect of group for this variable. Due to various problems 

such as equipment failure, human error, hand weakness, and running out of time during 

testing, data was missing for a number of participants on several tests. Whilst every effort 

was made to ensure a complete set of data for all participants, this proved impossible on 

some occasions, which may have led to a loss of statistical power for some measures. A 

significant group difference on HADS D score meant that this had to be entered as a 

covariate in several analyses. However, inspection of the uncorrected means reveals that 

this did not significantly alter the pattern of findings reported. 

3.5.10 Clinical applications 

The key finding generated from the current study is that Familial ALS patients (without a 

SOD1 mutation) are more likely to experience cognitive change than Sporadic ALS 

patients. These changes are predominantly of a  dysexecutive nature and have correlates in 

everyday behaviour. Therefore it is recommended that all ALS patients with a family 

history of ALS be referred for neuropsychological assessment as part of their baseline 

assessment during diagnosis. Early identification of cognitive changes will allow the 

clinical team to prepare the patient and family members for any problems that may arise as 

a result of dysexecutive function and advise them on planning for the future.  
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For example, they may recommend that advance directives are made as far in advance as 

possible in case issues of capacity arise in the future. They may also recommend that the 

patient stops driving at an earlier stage or undergo an assessment of driving competence in 

order to avoid the possibility of injuring him/herself or others (Bieliauskas 2005). Perhaps 

the most important intervention, however, will be in educating the family about what to 

expect should cognitive change progress. It is important for them to understand that 

changes in thinking ability and personality reflect part of the disease process. This may help 

them to cope with challenging circumstances such as personality changes or aggressive 

behaviour.  

 

Whilst members of the clinical team at King’s College Hospital are relatively familiar with 

the notion that cognitive change can occur in ALS, neurologists continue to assess mental 

function by means of the MMSE, the patient’s general manner during consultations, or at 

best a spoken verbal fluency test. If one test were to be selected from the present 

neuropsychological battery as a benchmark of cognitive function, it would be the Written 

Verbal Fluency Index. This test has consistently identified mild to severe levels of 

executive dysfunction and there is now a comprehensive set of data for comparison, based 

on numerous studies. Administration is relatively easy, and the only equipment needed are 

a pen, paper, and a stopwatch. If a second test was feasible it should be the Graded Naming 

Test in order to identify MND-Aphasia or early manifestations of language change. this 

may be important information to pass on to the Speech and Language Therapy Team, 

particularly in selection of assistive communication devices. The current study has 

confirmed the hypothesis that impaired performance on neuropsychological measure is 

associated with changes in everyday behaviour as rated by the FRSBE. The use of pre- and 

post-illness measures and a focus on Executive Dysfunction make the FRSBE particularly 

relevant to clinical use. The current study has also indicated that some caution must be 

exercised in relying entirely on carer reports as there may be a tendency to under-report 

cognitive or behavioural symptoms. Efforts should be made to reduce the stigma attached 

to cognitive change to help patients and carers feel more comfortable in discussing such 

symptoms. 
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Clinically, the identification of emotional lability remains less than optimal. At King’s 

MND Care & Research Centre, assessments of lability are on the basis of patient history or 

clinical observation rather than any quantified measure. The presence of emotional lability 

should prompt clinicians to consider cognitive change as a possibility. Whilst treatment for 

emotional lability is available in the form of SSRI’s (Iannaccone and Ferini-Strambi 1996; 

Sloan et al. 1992), there is no clear guidance when and to whom these drugs should be 

prescribed.  

 

In marked contrast to physical signs and symptoms of MND, psychological characteristics 

are not formally examined or followed up in any consistent manner. A commitment to 

holistic, multi-disciplinary care must attempt to integrate psychological research findings 

into clinical practice. 

3.5.11 Future Research 

Three key areas emerge from the current study for future research: Gene hunting, 

neuropathology, and psychosocial interventions for ALS.  

3.5.11.1 Gene Hunting 

Given that the findings suggest cognitive change is more likely to occur in Familial ALS 

patients without a SOD1 mutation, a crucial next step would be to identify any genetic 

mutations associated with mild cognitive change. As described in Section 3.5.7, a number 

of shared loci have been identified for ALS and FTD. However, these have typically been 

on the basis of clinical diagnoses made by a neurologist rather than any operationalised 

criteria using quantitative methods. The use of a ‘gold standard’ measure such as the 

Written Verbal Fluency Index might allow for improved identification of loci responsible 

for milder cognitive change as well as dementia. Such a project would require widespread 

cognitive screening of all ALS patients thought to have a family history of ALS. The 

deployment of the MND Association’s DNA Bank means that genetic data will already 

have been collected as a matter of course. Within the next five years, it might be possible to 

train the DNA Bank’s research nurses to administer one measure of verbal fluency to a 

subset of all patients consenting to donate blood. This would generate a wealth of data and 

might help to find loci of cognitive change and further delineate subgroups of ALS. 
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3.5.11.2 Neuropathology 

As has been demonstrated in Section 2.4, a number of studies have investigated 

neuropathological changes in both ALS and MND-D. However, as is the case with genetic 

studies, data are obtained from a highly self-selecting sample. Pathological changes have 

been distinguished subjectively and clinical syndromes identified on a retrospective basis, 

with little quantitative analysis. Whilst neuroimaging studies identify regions associated 

with impaired neuropsychological  test performance, they are unable to detail the process 

underlying such changes.  

 

Quantitative morphology combined with neuropsychological testing offers the potential to 

learn more about the mechanisms involved in the development of cognitive change. It still 

remains unclear, for example, whether there is any neuropathological change in the OFC 

for patients with ALS or MND-D, and this should investigated systematically. There have 

also yet to be any studies specifically comparing a series of Sporadic and Familial ALS 

patients in terms of the severity and distribution of extra-motor neuropathological features. 

Although complex and difficult to manage, a complete study would involve longitudinal 

neuropsychological testing and neuroimaging analysis in life, followed by quantitative 

neuropathology after death.  

3.5.11.3 Psychosocial Interventions in MND 

The literature on cognitive change in MND has so far focussed on comparing profiles of 

impairment, estimating the prevalence of cognitive change, and identifying brain regions 

responsible for such change. However, there has been a dearth of research into what 

patients, carers, and health care professionals can actually do about such symptoms. In 

contrast to mobility problems, respiratory difficulty, and nutritional status, the management 

of cognitive change has no dedicated staff member in most multi-disciplinary teams. Early 

work in the United States has focused on an educational approach for assisting family 

members of patients with cognitive change to cope with personality changes and 

challenging behaviour. Primarily, this is by helping them comprehend the fact that 

personality changes, challenging behaviour, and other upsetting symptoms reflect an 

organic part of the disease process rather than emotional states of the patient such as anger 

or resentment (Murphy J, 2005, Personal Communication). 
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 Future research should assess the differential importance of contributions from the 

rehabilitation literature on stroke, closed head injury, developmental disorders, and 

dementia in order to design and assess a number of treatment models. For example, 

educational interventions for family members appear to have face validity and are certainly 

convenient to administer, but it is uncertain whether ongoing professional support is a 

worthwhile addition, and if so, future studies might examine how and by whom such 

interventions should be administered. In the absence of a pharmacological intervention for 

cognitive change in MND, the application of evidence-based psychosocial interventions 

may have widespread implications for other neurodegenerative movement disorders with a 

less aggressive aetiology. 
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4 Progressive Muscular Atrophy (PMA) 

4.1 Introduction 

4.1.1 Clinical Profile of PMA 

This chapter will focus on the examination of the cognitive, emotional, and behavioural 

profile of patients with a variant of MND: Progressive Muscular Atrophy (PMA). As 

detailed in Section 1.4.2, whilst patients with ALS demonstrate degeneration of both the 

LMNs and UMNs, patients with PMA have changes restricted only to the LMNs, sparing 

the UMNs of the spinal cord and motor cortex. MND patients with an LMN-only 

presentation account for approximately 10% of all patients (Mitsumoto 1997; Turner et al. 

2003), although many of these will progress into the classical ALS pattern of UMN and 

LMN degeneration (van den Berg-Vos RM et al. 2003), resulting in a prevalence of around 

5% of the MND population with ‘pure’ PMA. Clinically, PMA also differs from ALS in 

that the course of the disease is less rapidly progressive, with symptoms progressing over 

the course of several decades (Norris 1992; van den Berg-Vos RM et al. 2003) rather than 

the 3-5 years associated with ALS (Chancellor and Warlow 1992; Leigh and Ray-

Chaudhuri 1994).  

4.1.2 Cognitive Change in PMA 

If there have been few studies carried out on cognitive change in ALS, there have been 

even fewer in patients with PMA. As patients with PMA do not fulfil El Escorial Criteria  

(Brooks et al. 2000) for ‘Probable’ or ‘Definite’ MND, they are excluded from most 

neuropsychological studies. Only one study exists in the literature that has specifically 

sought to compare patients with ALS and patients with an ‘LMN-only’ form of ALS, 

presumed to be PMA (Gallassi et al. 1989). This study found that whilst ALS patients had 

poorer performance on tests of verbal fluency, phrase construction, copy design, solving 

analogies, and temporal rule induction, patients with PMA “seemed affected in fewer tests, 

being spared in the tests exploring mainly the associative functions” (Gallassi et al. 1989).  
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Nevertheless, the performance of patients with PMA was significantly poorer than that of 

control participants on Raven’s Progressive Matrices, Immediate Visual Memory, and on 

the Barrage Test of attention. Whilst Gallassi et al’s study remains the only 

neuropsychological assessment of patients with PMA, there are a number of limitations to 

consider. Firstly, it seems unusual that from a sample of 35 MND patients, 17 would have 

an LMN-only profile of impairment particularly given the rarity of PMA relative to ALS. 

Therefore some caution should be applied in generalising these results to all PMA patients 

as it is unclear by what means Gallassi et al defined their group as “LMN-only” and it is 

possible that some of these patients may actually have had an LMN-predominant 

presentation of ALS. Secondly, it is also unclear to what extent the cognitive tests used in 

the study relied on motor function and reaction times, which might be affected as a 

consequence of physical disability. Finally, the groups were not matched for IQ so the 

magnitude of cognitive deficits may have been exaggerated.  

4.1.3 Cerebral Change in PMA 

Whilst cognitive studies require moderately-sized samples to maintain statistical power, 

neuroimaging studies can generate useful findings from relatively small samples. In light of 

this, there are a greater number of neuroimaging studies that have sought to investigate 

patients with PMA, but still in relative paucity to those investigating patients with ALS. 

Using ligand PET, Dalakas et al (1987) found only a non-significant 5% reduction in global 

cerebral metabolic rates for glucose amongst patients with PMA, as opposed to a 21% 

reduction in patients with ALS. Using radiolabelled water with PET, Kew et al (1994) 

found no significant difference in resting cerebral blood flow between PMA patients and 

healthy controls. Finally, Abe et al (1993) also found a normal pattern of tracer uptake 

amongst PMA patients using SPECT imaging.  

 

As detailed in Section 2.3.2.2.2, these imaging studies have found that patients with PMA 

have normal cortical function relative to control participants, in contrast to patients with 

ALS (Dalakas et al. 1987; Kew et al. 1994a; Abe et al. 1993). The in vivo evidence from 

neuroimaging is broadly confirmed by neuropathological studies, but complicated by the 

suggestion that some cases may demonstrate clear UMN changes on autopsy (Ince et al. 

1998; Ince et al. 2003).  
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As yet, there is no consensus on what these neuropathological findings represent. It could 

be that this reflects a misdiagnosis caused by sub-clinical UMN signs going undetected in 

the living patient. In addition, PMA might also be under-diagnosed because intact reflexes 

in particularly wasted limbs are sometimes interpreted as being an UMN sign (Ince et al. 

2003), meaning that a diagnosis of ALS is made. Equally, it could be that what is referred 

to as an ‘LMN-only’ syndrome is merely an ‘LMN-predominant’ variant of the same 

disease process, with PMA, ALS, and PLS existing on an overlapping spectrum, as 

suggested in Section 2.4.5. 

4.2 Aims – Exploratory Study 3 

In Chapter 3 it was established that a proportion of patients with the Familial form of ALS 

experience selective cognitive deficits. So far there have been insufficient studies in the 

literature to enable firm predictions to be made about the nature of any possible cognitive 

change in patients with PMA. However, the probable restriction of pathological changes to 

the LMNs and normal findings from neuroimaging studies would suggest that if cognitive 

change is to occur at all in PMA, it will be milder than that found in ALS. Due to the dearth 

of data on which to base hypotheses, this study will be an exploratory account of the 

differences, if any, between patients with PMA and a matched group of healthy control 

participants.  

4.3 Method 

4.3.1 Design 

A between-subjects design was used to compare the profiles of cognitive, behavioural, and 

emotional change between patients with PMA and matched controls. The testing procedure 

for patients with PMA was identical to that described in Section 3.3. 

4.3.2 Analysis 

Normally distributed data was analysed using Student’s t-test. Non-parametric data was 

analysed using a Mann-Whitney U-Test for ordinal data, and a Pearson’s χ
2
 test for 

categorical data.  
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Performance on the Iowa Gambling Test was assessed by a 2 x 2 x 5 ANOVA. Comparison 

of self-rated and carer-rated scores on behavioural measures was carried out with a 

repeated-measures ANOVA. 

4.3.3 Participants 

Details of participant ethical approval, recruitment procedure, and informed consent are 

provided in Section 3.3.2. Participants with PMA were recruited from King’s MND Care & 

Research Centre, London, UK. Patients attending a tertiary referral clinic for the care and 

management of MND were screened in twice-monthly ‘subject pool’ meetings with 

members of the MND clinical research team currently recruiting for their research studies. 

Patients were assessed for suitability according to their clinical notes and history, and if 

appropriate were contacted by letter which included a patient information leaflet and 

written consent form (see Appendix 3). Testing sessions took place either in participants’ 

homes or at the Institute of Psychiatry, London. In addition, two further PMA patients were 

recruited from MND Care & Research Centres in Newcastle. These were identified through 

a patient database and diagnoses confirmed by a Consultant Neurologist at the Centre. Due 

to the distances from London involved, these patients were both tested in their own homes. 

 

The inclusion criteria for PMA patients were as follows: lower motor neurone signs 

(wasting, fasciculations) for at least two years and the absence of upper motor neurone 

signs (brisk reflexes, increased tone, spasticity, Babinski’s sign). Following the close of 

data collection, diagnoses were re-checked to ensure no patient with a diagnosis of PMA 

had proceeded to develop ALS. During the course of the study, one patient classified as 

PMA developed UMN signs and was re-classified into the Sporadic ALS group. Initial 

exploration of demographic data for matching purposes found a trend approaching 

significance for a group difference in NART Full-Scale IQ between PMA patients and the 

total sample of control participants who participated in the main cognitive study detailed in 

Chapter 3 (mean difference= 8 points, t(43)=1.834, p=0.074). In light of this, 10 high-IQ 

control participants were removed from the analysis in order to obtain a better matched set 

of PMA patients and control participants (mean difference= 4 points, t(33)=0.777, 

p=0.443). One patient with PMA was removed from the analysis due to illiteracy.  
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4.4 Results 

For ease of comparison, results will be presented in the same order as Chapter 3. 

4.4.1 Participant Characteristics 

4.4.1.1 Demographic Variables 

Participant’s demographics are shown in Table 4.1. Both groups were matched for age, 

gender, years of education, duration of relationship with partner (where relevant), and both 

depression and anxiety as measured by the HADS. However, there were trends approaching 

significance for an effect of Group on HADS A and HADS D scores. Due to the small 

sample size and exploratory nature of the study it was not thought that co-varying 

neuropsychological test scores for HADS A and HADS D scores would be useful, though 

any findings should be interpreted with this in mind.   

Table 4.1: Demographics of experimental groups (Means (s.d)) 

 PMA Controls  (df), t/ χ
2
 / U p 

n 10 25   

Age 51.70 

(9.0) 

50.12 

(10.4) 

t(33)= -0.419 0.678 

Gender M:F
†
 6:4 16:9 χ

2
(1)= 0.049 0.825 

Years of 

Education 

13.20 

(2.9) 

13.28 

(3.4) 

t(33)= 0.065 0.949 

Duration of 

Relationship 

26.86 

(11.7) 

22.29 

(12.8) 

t(22)= -0.815 0.424 

Marital 

Status‡ 

6/2/0/1/1 16/2/3/2/1 χ
2
(4)= 2.546 0.636 

HADS D 

Score* 

3.10 

(2.5) 

1.40 

(1.5) 

U=73.0 0.059 

HADS A 

Score 

5.70 

(3.2) 

3.92 

(2.3) 

t(33)= -1.851 0.073 

p values from t-test except 
†
χ

2
 test and *Mann-Whitney U Test 

‡Frequency counts of: Married/Long Term Relationship/Single/Divorced/Widowed 

HADS: Hospital Anxiety and Depression Scale 
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4.4.1.2 Clinical Variables 

Clinical features of PMA patients are shown in Table 4.2. Patients with bulbar onset were 

absent from the PMA group, which is unsurprising given a previously reported prevalence 

of around 5% in the PMA population (van den Berg-Vos RM et al. 2003). Comparison with 

Table 3.1 reveals that PMA patients are demographically similar to ALS patients, albeit 

with a longer disease duration than is found in Sporadic ALS, and an apparently long delay 

between symptom onset and diagnosis, probably reflective of the slower rate of progression 

in these patients. The ALSFRS-R Score reflects a moderate degree of physical disability, 

similar to those reported for the ALS groups in Table 3.3. 

 

Table 4.2: Clinical features of disease (Means (s.d)) 

 PMA 

Onset Limb:Bulbar 10:0 

Disease Duration (months)
 
 67.3 

(36.0) 

Months between onset & 

diagnosis
1 

40.10 

(29.9) 

ALSFRS-R Score 35.70 

(5.5) 

ALSFRS-R: Amyotrophic Lateral Sclerosis Functional Ratings Scale – Revised.  

4.4.1.3 Estimated premorbid IQ and current general intellectual ability 

Results are shown in Table 4.3. Participant groups were matched for NART score, 

predicted full-scale IQ, and performance on the RSPM. RSPM Scores were not available 

for two PMA patients due to a lack of time available in the testing session.  
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Table 4.3: Estimates of Premorbid IQ and General Intellectual Ability (Means (s.d)) 

 PMA Controls (df), t p 

n 10 25   

NART- Predicted 

Full Scale IQ 

104.8 

(12.4) 

108.1 

(10.9) 

(33)=0.777 0.443 

RSPM Score 44.63 

(10.1) 

47.28 

(7.8) 

(31)=0.779 0.442 

RSPM Predicted 38.75 

(5.0) 

41.82 

(5.2) 

(31)=1.460 0.154 

RSPM Discrepancy 5.75 

(7.9) 

5.44 

(7.9) 

(31)= -0.096 0.924 

RSPM Z-Score 0.93 

(1.3) 

0.86 

(1.2) 

(31)= -0.139 0.890 

p values from two-tailed t-test. NART: National Adult Reading Test, RSPM: Raven’s 

Standard Progressive Matrices 

4.4.2 Standard Measures of Executive Function 

4.4.2.1 Wisconsin Card Sorting Test 

Results are shown in Table 4.4. There was no significant effect of Group on any measure. 

Data were unavailable for two control participants due to equipment failure.  
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Table 4.4: Results for the Wisconsin Card Sorting Test (Means (s.d)) 

 PMA Controls (df), t p 

N 10 23   

Categories 

Achieved 

4.60  

(1.9) 

4.09 

(2.1) 

(31)= -0.661 0.514 

Total Errors 45.30  

(26.0) 

44.13  

(25.2) 

(31)= -0.121 0.904 

Perseverative 

Errors 

25.70  

(18.5) 

23.61  

(16.5) 

(31)= -0.323 0.749 

Trials to First 

Category 

20.40  

(13.2) 

17.59  

(9.7) 

(30)= -0.677 0.504 

p-values from two-tailed t-test 

4.4.2.2 Fluency 

Results are presented in Table 4.5. Fluency scores were unavailable for two PMA patients 

due to profound arm weakness. There was no significant effect of Group on fluency index 

scores. 

Table 4.5: Results for Verbal Fluency and Category Fluency Indices (Means (s.d)) 

 PMA Controls (df), t p 

n 8 25   

Verbal Fluency Index
1 6.76 

(2.7) 

7.04 

(3.1) 

(31)=0.226 0.823 

S Words Fluency Index
1 4.2 

(1.6) 

4.8 

(2.2) 

(31)=0.657 0.516 

4-Letter C Word Fluency 

Index
1 

13.7 

(8.9) 

12.8 

(7.1) 

(31)= -0.316 0.754 

Category
 
Fluency Index

1 2.04 

(1.3) 

2.23 

(1.1) 

(31)=0.413 0.682 

p-values from One-Way ANOVA 
1
Transformed using LOGx10 for Skewness 
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4.4.2.3 Stroop Test 

Results for the Stroop Test are shown in Table 4.6. There was a trend approaching 

significance for an effect of Group on Time to name Control X’s, with PMA patients being 

slower. Data were unavailable for two PMA patients and one control participant due to 

equipment failure. There was no significant effect of Group on the Stroop and Negative 

Priming variables.  

Table 4.6: Results for Stroop Test (Means (s.d)) 

 PMA Controls (df), t p 

n 8 24   

Time to name Control X’s (ms) 556.38 

(74.8) 

498.08 

(71.2) 

(30)= -1.974 0.058 

Time to name Stroop Words (ms) 694.25 

(84.2) 

629.08 

(107.9) 

(30)= -1.391 0.175 

Time to name Negative Priming 

Words (ms) 

714.38 

(108.8) 

655.67 

(123.0) 

(30)=-1.200 0.240 

Stroop Effect (Stroop words – 

minus Control words) (ms)
1 

137.75 

(40.2) 

131.29  

(77.8) 

(29)= -0.434 0.667 

Negative Priming Effect (Negative 

Priming words – Stroop Words) 

(ms)
1 

20.13 

(46.9) 

26.71 

(33.5) 

(24)= -1.154 0.260 

p-values from two-tailed t-test, 
1
Transformed using LOGx10 for skewness 
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4.4.2.4 Hayling Sentence Completion Test 

Results are shown in Table 4.7. There was no significant effect of Group on any of the 

Hayling scores. 

Table 4.7: Results for Hayling Sentence Completion Test (Means (s.d)) 

 PMA Controls (df), t p 

N 10 25   

Response Initiation 

Time (s)
1 

7.40  

(4.3) 

4.44  

(4.5) 

(30)= -

1.526 

0.138 

Response 

Suppression Time 

(s)
1 

23.70  

(20.2) 

25.64  

(26.1) 

(33)= 0.200 0.843 

Latency (s)
1 16.3  

(20.7) 

21.20 

(23.1) 

(27)= -

0.158 

0.876 

Raw Hayling Error 

Score
1 

7.00  

(8.9) 

5.72  

(8.5) 

(25)= -

0.658 

0.517 

Hayling Scaled 

Response Initiation 

Score 

5.80  

(0.6) 

6.04 

(0.5) 

(33)= 1.259 0.217 

Hayling Scaled 

Response 

Suppression Score 

5.90  

(0.6) 

5.88  

(0.8) 

(33)= -0.73 0.942 

Hayling Scaled Error 

Score 

5.90  

(2.2) 

6.28  

(1.9) 

(33)= 0.512 0.612 

Hayling Total Scaled 

Score  

17.60 

(2.7) 

18.20 

(2.7) 

(33)= 0.602 0.551 

p-values from two-tailed t-test. 
1
Transformed using LOGx10 for skewness.  
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4.4.3 Experimental Measures of OFC Dysfunction 

4.4.3.1 Visual Discrimination Test 

Results for the test of visual discrimination (including reversal learning and extinction 

components) are shown in Table 4.8. Data were unavailable in reversal learning for one 

PMA patient and two control participants due to equipment failure. Data were also 

unavailable on the extinction component for an additional PMA patient due to equipment 

failure. There was no significant effect of Group on any of the measures.  

Table 4.8: Results for Visual Discrimination Test (Means (s.d)) 

 PMA Controls (df), t p 

Reversal - N  9 23   

Trials to first 

reversal
1 

11.78 

(3.8) 

14.04 

(7.6) 

(30)= 0.868 0.392 

Trials after first 

reversal
 

39.0 

(11.5) 

39.88 

(13.3) 

(30)= -0.477 0.637 

Last error trial 

before second 

reversal
1 

11.89 

(19.3) 

4.91  

(5.3) 

(30)= -0.997 0.327 

Errors of 

commission
 

4.44  

(4.7) 

3.65  

(3.3) 

(30)= -0.543 0.591 

Extinction - N 8 23   

Trials to first 

reversal
1 

10.63 

(1.6) 

11.00 

(2.9) 

(29)= 0.225  0.824 

Trials after first 

reversal
 

15.38 

(2.6) 

18.35 

(6.0) 

(29)= 1.346 0.189 

Last error trial 

after first 

reversal
 

7.25 

(3.6) 

10.13 

(6.1) 

(29)= 1.253 0.220 

Errors of 

commission
 

3.38  

(1.3) 

5.22  

(3.3) 

(29)= 1.542 0.134 

p-values from two-tailed t-test, 
1
Transformed using LOGx10 for Skewness 
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4.4.3.2 Iowa Gambling Test 

On the Iowa Gambling Test, a 2 (Group) x 2 (Deck: “good” vs “bad”) x 5 (Block) ANOVA 

on the number of cards chosen from each deck revealed no significant effect of Deck 

(F(1,31)=2.553, p=0.120), Deck x Group (F(1,31)=0.249, p=0.621), or Block x Deck 

(F(4,28)=2.207, p=0.094). Hence there was no effect of Group in terms of the tendency to 

choose more “good” or “bad” decks. This is illustrated in Figure 4.1. 

 

Figure 4.1: Choice of Bad Decks (from maximum of 20) on the Iowa Gambling Task 

across 5 blocks of 20 selections 
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4.4.3.3 Faux Pas Scale 

Results for the Faux Pas Scale are shown in Table 4.9. There was no significant effect of 

Group on any of the measures. 

Table 4.9: Results for Faux Pas Scale (Means (s.d)) 

 PMA Controls (df), t p 

N 10 25   

Correct naming of 

person at fault
1
  

8.3  

(1.3) 

8.12 

(1.6) 

(33)=0.336 0.739 

Why was it 

awkward?
1 

8.4  

(0.8) 

8.00  

(1.7) 

(33)=0.497 0.622 

Why did he/she say 

it?
 1 

8.0  

(1.4) 

7.16  

(2.4) 

(33)=0.979 0.334 

Correctly explained 

feelings
1 

8.90  

(0.3) 

8.36  

(1.4) 

(33)=1.302 0.202 

Control question
1 8.8  

(0.4) 

8.32  

(1.4) 

(33)=1.046 0.303 

Total Score (out of 

45)
1 

42.4  

(3.6) 

39.96 

(7.6) 

(33)=0.864 0.394 

All scores from a maximum of 9 except for total score out of 45. p-values from two-tailed t-

test, 
1
Transformed using Reflect & LOGx10 for Skewness 
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4.4.4 Memory 

Results for the KOLT and WRMT are shown in Table 4.10. There was no significant effect 

of Group on any outcome measure from either test.  

 

Table 4.10: Results for KOLT and WRMT (Means (s.d)) 

 PMA Controls (df), t p 

n 10 25   

KOLT Raw Score 43.3  

(8.8) 

43.96  

(7.2) 

(33)=0.290 0.819 

KOLT Concept 

Items 

10.4  

(0.8) 

9.60  

(2.3) 

(33)=-1.084 0.286 

KOLT Repeat Items 16.7  

(3.8) 

16.68  

(3.0) 

(33)=-0.016 0.987 

KOLT Filler Items 16.20  

(5.0) 

17.60  

(4.3) 

(33)=0.828 0.414 

KOLT Intrusion 

Items 

1.4  

(1.7) 

2.56  

(2.1) 

(33)=1.524 0.137 

WRMT Raw Score 46.30  

(2.5) 

46.36  

(2.1) 

(33)=0.073 0.942 

KOLT: Kendrick Object Learning Test, WRMT: Warrington Recognition Memory Test p-

values from two-tailed t-test 
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4.4.5 Language 

Results for the GNT, TROG, and Noun-Verb processing test from the modified PALPA are 

shown in Table 4.11. Except for ‘TROG Blocks Completed’, data were not normally 

distributed, indicating use of a non-parametric Mann-Whitney U-Test. There was no 

significant effect of Group on any variable.  

 

Table 4.11: Results for language tests (Means (s.d)) 

 PMA Controls (df), t / U p 

n 10 25   

Graded Naming Test* 23.40  

(4.8) 

24.08  

(2.6) 

U= 117.5 0.788 

TROG Errors* 1.30  

(1.1) 

2.40  

(2.4) 

U= 95.0 0.287 

TROG Blocks Completed 18.90  

(1.3) 

18.63  

(1.0) 

(32)= -0.684 0.499 

Modified PALPA Total 

Errors* 

0.4  

(0.7) 

0.20  

(0.4) 

U= 110.0 0.602 

Modified PALPA Noun 

Errors* 

0.4  

(0.7) 

0.08 

(0.3) 

U=  96.5 0.303 

Modified PALPA Verb 

Errors* 

0.00  

(0.0) 

0.12  

(0.3) 

  U= 110.0 0.602 

p-values from two-tailed t-test, except for *Mann-Whitney U Test. TROG: Test for the 

Reception of Grammar, PALPA: Psycholinguistic Assessment of Language Processing in 

Aphasia 
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4.4.6 Visuospatial Perception 

Data for the VOSP were not normally distributed, suggesting use of a non-parametric 

Mann-Whitney U Test. There was no significant effect of Group on any variable. Data were 

unavailable for one PMA patient on the VOSP and one additional PMA patient on the JLO 

due to lack of time.  

 

Table 4.11: Results for VOSP and JLO (Means (s.d)) 

 PMA Controls (df), t/U p 

n 9 25   

VOSP Score 

Incomplete Letters* 

19.67  

(0.5) 

19.92 

(0.3) 

U=84.0 0.280 

VOSP  Score 

Position 

Discrimination* 

19.89  

(0.3) 

19.68  

(0.3) 

U=97.0 0.565 

JLO 24.00  

(6.5) 

26.40 

(6.4) 

(31)= 1.011 0.341 

p-values from two-tailed t-test, except for *Mann-Whitney U Test
 
. 

1
Transformed using 

LOGx10 for Skewness, VOSP: Visual Object & Space Perception, JLO: Judgement of Line 

Orientation 
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4.4.7 Behavioural Change 

Results for measures of behavioural change are shown in Table 4.12. There was no effect 

of Group on a self-rated measure of minor cognitive lapses, the SIML, or a measure of 

dysexecutive function, the DEX. Carer-rated data were not collected for controls, and MBQ 

data were missing for one PMA patient who did not have a carer available for interview. 

For PMA patients, self-rated and carer-rated DEX scores were not significantly different 

(F(1,9)=0.050, p=0.827). Comparison with Table 3.15 shows similar behavioural scores for 

patients with PMA, SALS, and FALS.  

 

Table 4.12: Results for SIML, DEX, and MBQ (Means (s.d))  

 PMA Controls (df), t P 

n 10 25   

SIML 25.00 

(5.0) 

27.40 

(5.4) 

(33)=1.202 0.238 

DEX (Self-

Rated) 

12.30 

(6.8) 

14.28 

(7.1) 

(33)=0.708 0.484 

DEX (Carer-

Rated) 

13.10 

(9.6) 

n/a n/a n/a 

n 9 n/a   

MBQ Total 

Score 

6.00 

(3.9) 

n/a n/a n/a 

p-values from two-tailed t-test, SIML: Short Inventory of Minor Lapses, DEX: 

Dysexecutive Questionnaire, MBQ: Manchester Behavioural Questionnaire.  

4.4.7.1 Manchester Behavioural Questionnaire 

An individual item analysis is provided in Table 4.13 comparing results between patients 

with PMA and those originally identified in FTD patients (Bathgate et al. 2001a). The 

items listed below are those that were found to be particularly sensitive to identifying FTD 

(Snowden et al. 2001); a full item analysis is provided in Appendix15. The PMA sample 

shows lower levels of FTD-specific items. In particular, there was an absence of sweet food 

preference, food seeking, echolalia, disinhibition, and neglect of hygiene. 
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 However, compared to ALS patients (see Section 3.4.7.3), PMA patients rated higher on 

several items including loss of basic emotion, excessive worrying, selfishness, loss of pain 

awareness, complex motor stereotypies, verbal stereotypies, and using the wrong words. 

Overall, PMA patients had a higher score on the MBQ than both Sporadic ALS patients 

(mean difference= 1.2, 95% CI= -2.37 – 4.77, p=1.000) and Familial ALS patients (mean 

difference= 2.8, 95% CI= -1.31 – 6.85, p=0.296, but neither difference approached 

significance. 

 

Table 4.13: MBQ symptoms (% of patients for whom symptoms were reported) 

 FTD
1
  PMA  

n 30 9 

Loss of Basic Emotion 97 11 

Loss of Embarrassment* 90 11 

Loss of Emotional Insight* 77 67 

Excessive Worrying 13 22 

Selfishness* 87 44 

Disinhibition* 73 0 

Neglect of Hygiene* 87 0 

General Loss of Interest* 90 22 

Loss of Pain Awareness 41 33 

Sweet Food Preference* 50 0 

Less Selective/Indiscriminate* 46 11 

Overeats/Gluttony* 70 11 

Seeks Out Food* 33 0 

Simple Motor Stereotypies* 60 11 

Complex Motor Routines* 27 11 

Verbal Stereotypies* 50 22 

Echolalia* 33 0 

Uses Wrong Words 23 22 

FTD: Fronto-Temporal Dementia, AD: Alzheimer’s Disease, 
1
FTD, percentages from 

(Bathgate et al. 2001a) 

* Core diagnostic features of FTD from  (Neary et al. 1998) 
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 Table 4.14 compares the PMA patient group with a further division of FTD into an 

apathetic (FTD-A) and disinhibited (FTD-D) subtype as suggested by (Snowden et al. 

2001). The authors cite the items below as being particularly useful for distinguishing these 

two subgroups. The profile of MBQ items endorsed by the carers of patients with PMA 

does not resemble either the FTD-A or FTD-D subtype. 

 

Table 4.14: Percentages of ALS Subgroups Rated as Showing MBQ symptoms 

compared to FTD subtypes reported by Snowden et al (2001). 

 FTD-A
1
 

(n=12) 

FTD-D
1
 

(n=18) 

PMA 

(n=9) 

Aggression 25 61 11 

Social Avoidance 50 17 33 

Exaggerated Pain Reaction 0 33 11 

Complex Motor Routines 8 39 11 

Verbal Stereotypies 25 67 22 

Clockwatching 8 39 0 

FTD-A: Fronto-Temporal Dementia, Apathetic Subtype, FTD-D: Fronto-Temporal 

Dementia, Disinhibited Subtype, 
1
FTD percentages from (Snowden et al. 2001) 
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4.4.7.2 Frontal Systems Behaviour Scale (FRSBE) 

4.4.7.2.1 Self-Rated 

Results for the Self-Rated FRSBE are presented in Table 4.15. There was a trend 

approaching significance for an effect of Group on Post-Illness Apathy T-Score with PMA 

patients showing slightly but not significantly higher apathy scores. However, there was no 

significant effect of Group on any outcome variable. Correlations were not carried out 

between FRSBE scores and neuropsychological tests because there were no significant 

effects of Group for either measure. 

 

Table 4.15: Results for self-rated FRSBE T-Scores (Means (s.d)) 

 PMA Controls (df), t p 

N 10 25   

Pre-Morbid Apathy 

T-Score 

51.30  

(13.1) 

51.56  

(14.1) 

(33)=0.050 0.960 

Pre-Morbid 

Disinhibition T-Score 

46.90  

(14.3) 

49.60  

(12.6) 

(33)=0.552 0.585 

Pre-Morbid 

Dysexecutive T-Score 

51.10  

(12.4) 

52.32  

(14.5) 

(33)=0.232 0.818 

Pre-Morbid Total T-

Score 

50.00  

(14.5) 

51.24  

(12.9) 

(33)=0.227 0.822 

Post-Illness Apathy 

T-Score 

64.90  

(14.0) 

53.88  

(15.9) 

(33)= -1.908 0.065 

Post-Illness 

Disinhibition T-Score 

49.50  

(13.1) 

50.12  

(12.5) 

(33)=0.131 0.897 

Post-Illness 

Dysexecutive T-Score 

59.20  

(18.5) 

50.64  

(12.3) 

(33)= -1.602 0.119 

Post-Illness Total T-

Score 

60.90  

(16.6) 

52.28  

(15.3) 

(33)= -1.470 0.151 

p-values from two-tailed t-test 
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Table 4.16 shows the relative proportion of each group satisfying criteria for ‘caseness’ 

according to standard cut-off criteria (T-score >65). Although the PMA patients showed 

more post-illness caseness across the three measures there  was only a trend approaching 

significance for a greater proportion of post-illness PMA patients to be considered a ‘case’ 

for the Dysexecutive Function subscale. However, there was no significant effect of Group. 

 

Table 4.16: Self-rated FRSBE proportions of groups fulfilling “caseness”  

 PMA Controls χ
2 

 

p 

Pre-Illness Apathy 20% 20% (1)=0.000 1.000 

Pre-Illness Disinhibition 20% 12% (1)=0.373 0.541 

Pre-Illness Dysexecutive 10% 20% (1)=0.503 0.478 

Pre-Illness Total 20% 16% (1)=0.080 0.777 

Post-Illness Apathy  40% 20% (1)=0.896 0.344 

Post-Illness Disinhibition  20% 12% (1)=0.373 0.541 

Post-Illness Dysexecutive  40% 12% (1)=3.50 0.061 

Post-Illness Total  50% 28% (1)=1.534 0.215 

p-values from 2-Sided Pearson’s χ2 test. 

4.4.7.2.2 Carer-Rated 

There was no significant difference between self- and carer-rated scores after the onset of 

illness on subscores for Apathy (F(1,9)= 0.008, p=0.933), Disinhibition (F(1,9)=0.631, 

p=0.447), Dysexecutive Function (F(1,9)=0.606, p=0.456), or Total T-Score (F(1,9)=0.329, 

p=0.580). No carer-rated control data were available to make a group comparison of means. 

Table 4.14 shows the relative proportion of each group satisfying criteria for ‘caseness’ 

according to standard cut-off criteria (T-score >65). The proportions endorsed by carers 

yield similar results to the self-rated FRSBE scale, if slightly lower. Comparison with 

Tables 3.21 and 3.22 reveals that patients with PMA have a broadly similar pattern of 

behavioural change to SALS and FALS patients on the FRSBE, although post-illness 

Apathy appears slightly higher in the PMA group. 
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Table 4.17: Carer-rated FRSBE proportions of groups fulfilling “caseness” 

 PMA 

Post-Illness Apathy Case 40% 

Post-Illness Disinhibition 

Case  

30% 

Post-Illness Dysexecutive 

Case  

20% 

Post-Illness Total Case 40% 

4.4.8 Emotional Lability 

Mean scores for the Emotional Lability Questionnaire are shown in Table 4.18. There was 

no significant effect of Group on any outcome measure.  

 

Table 4.18: Self-Rated Emotional Lability raw scores (Means (s.d)) 

 PMA Controls (df), t / U p 

n 10 25   

ELQ Laughing 1.40  

(3.3) 

1.48 

(2.5) 

U=115.5 0.733 

ELQ Crying  3.40  

(4.7) 

0.72 

(2.0) 

U=79.5 0.097 

ELQ Smiling 1.10  

(2.3) 

0.88  

(1.9) 

U=122.0 0.928 

ELQ Total 5.90  

(6.4) 

3.08  

(4.5) 

U= 91.0 0.169 

p-values from Mann-Whitney U Test 

 

Table 4.19 shows the number and proportion of participants in each group considered to be 

emotionally labile in each of the ELQ’s three domains as well as total score. As detailed in 

Section 3.1.8, the cut-off values used for the self-rated scale were: ELQ Laughing= 8, ELQ 

Crying= 5, ELQ Smiling= 5, Total= 11. Each domain has a maximum score of 31 yielding 

a total maximum score of 93, with higher scores reflecting higher levels of emotional 

lability. There was no effect of Group. 
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Table 4.19: Self-Rated Emotional Lability “caseness” across groups 

Frequency 

(%) 

PMA Controls χ
2
 p 

n 10 25   

Laughing 1  

(10%) 

0  

(0%) 

(1)=0.232 0.630 

Crying 3  

(30%) 

1  

(4%) 

(1)=2.547 0.110 

Smiling 1  

(10%) 

1  

(4%) 

(1)=0.000 1.000 

Total 3  

(30%) 

1  

(4%) 

(1)=4.770 0.029* 

p values from Pearson Chi-Square with Yate’s Continuity correction for expected cell count 

<5 

 

Table 4.20 shows the carer-rated scores for PMA patients on the Emotional Lability 

questionnaire. A repeated-measures ANOVA found that carers were significantly more 

likely to rate PMA patients lower on the ELQ than those patients rated themselves 

(F(1,9)=7.831, p=0.021).  

 

Table 4.20: Carer-Rated Emotional Lability raw scores (Means (s.d)) 

 PMA 

n 10 

CELQ Laughing 0.00  

(0.0) 

CELQ Crying  0.70  

(1.5) 

CELQ Smiling 0.00  

(0.0) 

CELQ Total  0.30  

(0.9) 



 200 

4.4.9 Power / Futility Analysis 

One of the objectives of an exploratory study is to calculate effect sizes in order to predict 

the sample sizes to be employed in future studies. Table 4.21 shows the current effect size 

(Alpha level = 0.05) for a selection of outcome variables found to be significantly different 

from control participants in patients with ALS (see Chapter 3). Also shown is the sample 

size required to ensure 80% power for detecting a significant difference between PMA 

patients and control participants with an alpha level of 0.05, in the same ratio as was 

obtained in the current study (2.5:1). All calculations are two-tailed and were carried out 

using NQuery Advisor 4.0. Cohen operationalised the magnitude of effect sizes as "small, d 

= 0.2," "medium, d = 0.5," and "large, d = 0.8" (Cohen 1992). On this basis it seems 

unlikely that there are clinically significant differences between PMA patients and control 

participants as determined by neuropsychological and behavioural measures. Given the 

rarity of PMA patients, the sample size required for 80% power on some of these measures 

are very large, and would be unfeasible to recruit in the UK. 

 

Table 4.21: Power Analysis for PMA Patients 

 Ns of PMA : 

Controls 

Obtained  

Effect 

Size  

Power of 

Curent 

Study 

Ns of PMA : 

Controls 

Required 

Wisconsin Card Sort Test Errors 10 : 23 0.046 5% 5392 :12402 

Fluency Index 8 : 25 0.097 5% 1180 :2950 

Hayling Response Initiation Time (s) 10 : 25 0.673 41% 25 : 63 

Hayling Response Inhibition Time (s) 10 : 25 0.084 5% 1559 : 3898 

Graded Naming Test 10 : 25 0.029 5% 13394 : 33485 

Judgement of Line Orientation 8 : 25 0.372 14% 76 : 238 

DEX (Self-Rated) 10 : 25 0.285 10% 136 : 340 

FRSBE Pre-morbid Disinhibition  T-Score 

(Self-Rated) 

10 : 25 0.178 7% 347 : 868 

FRSBE Post-Illness Apathy T-Score (Self-

Rated) 

10 : 25 0.737 48% 21 : 53 

FRSBE Post-Illness Dysexecutive Function 

T-Score (Self-Rated) 

10 : 25 0.556 30% 37 : 93 

FRSBE Post-Illness Total T-Score (Self-

Rated) 

10 : 25 0.540 28% 39 : 98 
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4.4.10 Summary of Findings  

The current study sought to explore the cognitive profile of patients with PMA relative to a 

matched group of healthy control participants. The groups were well matched on age, 

gender, years of education, and premorbid IQ. Standard tests of executive function, 

memory, language, and visuospatial perception, as well as experimental measures of OFC 

dysfunction, failed to identify any significant differences between PMA patients and 

healthy controls. Three non-significant trends were identified: PMA patients were found to 

have slower naming of control X’s on the Stroop Test, slower ‘sensible completions’ on the 

Hayling Test, and fewer errors of commission on the Extinction test than control 

participants. However, all three findings were of small magnitude and not supported by 

other findings from these tests.  

 

Behaviourally, PMA patients were no more likely than control participants to report minor 

cognitive slips and lapses on the SIML or everyday signs of dysexecutive behaviour on the 

DEX. The MBQ revealed that carers of PMA patients endorsed some items but were 

unlikely to endorse items associated with FTD such as loss of basic emotion or neglect of 

personal hygiene, though PMA patients scored slightly higher overall than other ALS 

groups. In the absence of neuropsychological evidence for cognitive change or 

neuroimaging evidence for cerebral degeneration, this finding may be explained by 

physical and emotional sequelae of having had a progressive disability for a prolonged 

period of time.  

 

On the self-rated FRSBE, PMA patients did not differ significantly from control 

participants on any outcome variable. There was a trend approaching significance for PMA 

patients to be more likely to be considered a “case” on the Dysexecutive Function subscale 

of the FRSBE, but no significant effect of Group overall. PMA patients did not have 

significantly higher levels of emotional lability than control participants, and were no more 

likely to be considered a “case” on any subscale. As was identified in Section 3.4.8.2, 

carers rated patients significantly lower on emotional lability than those patients rated 

themselves.  
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4.5 Discussion 

4.5.1 Cognitive Change is Not a Feature of PMA 

The current study found that patients with PMA do not have a significantly different profile 

of cognitive, behavioural, or emotional change from healthy control participants.  

The lack of cognitive deficits in patients confirmed as having PMA is a novel finding in the 

MND literature. These findings also support the normal brain function identified in 

neuroimaging studies (Abe et al. 1993; Dalakas et al. 1987; Kew et al. 1994a).  

 

Relative to the range of selective impairments identified in Sporadic and Familial ALS 

patients in Chapter 3, it would appear that cognition is spared in patients with PMA. The 

defining characteristic distinguishing ALS from PMA is the involvement of the UMNs, 

which enervate a tract originating in the primary motor cortex, decussating at the medulla, 

and synapsing in the anterior horn of the spinal cord with the LMNs. However, it has been 

established through neuroimaging (see Section 2.3) and neuropathology studies (see 

Section 2.4) that neuronal changes in ALS are not restricted to motor pathways. A recent 

neuropathological investigation of patients with PMA found that up to 50% had UMN 

involvement on autopsy, though this may only reflect late involvement and has not been 

shown to involve extra-motor areas. Had cognitive change been identified in PMA then this 

would have suggested the concept of MND as a consistently multi-system disorder. On 

current evidence it would appear there are differential vulnerabilities in the UMNs, LMNs, 

and extra-motor regions amongst patients with MND, with the terms PLS, ALS, and PMA 

indicating the predominant, rather than exclusive, regions of impairment.  

 

Based on the absence of cognitive change in a subgroup of MND without UMN 

involvement and the presence of cognitive change in subgroups with UMN involvement, 

UMN degeneration would seem to be the most likely explanation for extra-motor change, 

whether through a primary disease process or a secondary cascade effect such as the 

accumulation of toxic substances in regions adjacent to the motor cortex.  
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However, cognitive change amongst patients with ALS is heterogeneous, with some 

patients experiencing no deficits whatsoever. Therefore it seems likely that UMN 

degeneration is a necessary, but not sufficient, cause of cognitive change in MND. The 

implications for this theory will be more fully considered in the general discussion, Chapter 

7.  

4.5.2 Behavioural Change is Not a Feature of PMA 

Findings on the DEX and SIML revealed no significant effect of group, with PMA patients 

showing no behavioural evidence of dysexecutive function or everyday slips and lapses. 

There was a non-significant trend for patients with PMA to be more likely to be considered 

a ‘case’ for dysexecutive function, though this may in part be explained by physical 

disability (e.g. “I cannot do two things at once”). Findings on the MBQ suggest that 

patients with PMA do not demonstrate a consistent pattern of behavioural symptoms 

resembling either the disinhibited or apathetic subgroup of FTD. It is unclear from the 

small sample size what conclusions can be drawn from the finding that 33% of patients are 

said to be “socially avoidant” and 22% to have verbal stereotypies. In the former case it is 

possible that patients are reluctant to interact with others socially due to embarrassment 

about their condition or appearance. In the latter case it may be that communication 

difficulties brought on by dysarthria and the successive narrowing of possible actions 

caused by physical disability narrow the range of words and phrases relied upon by the 

patient. In the absence of neuropsychological deficits or neuroimaging evidence of cerebral 

change, the weak trends identified in the current study do not suggest that behavioural 

change indicative of extra-motor cerebral change is a feature of PMA. 

4.5.3 Emotional Change is Not a Feature of PMA 

The current study found that patients with PMA did not show significantly higher levels of 

emotional lability than control participants. There was a non-significant trend for PMA 

patients to have higher levels of crying, but given the nature of their disease and the lack of 

labile laughing or smiling, this can be attributed to a psychological reaction to their 

diagnosis rather than true lability.  

 



 204 

4.5.4 Future Research 

One tentative idea behind the design of the current study was that as patients with PMA 

have a similar degree of physical disability to ALS patients, albeit with a slightly improved 

prognosis and a lack of pseudobulbar involvement, were they to show no cognitive deficits 

they might prove an ideal control group for future cognitive studies. Theoretically this is 

true, but in practical terms the rarity of PMA and the difficulty in making the clinical 

diagnosis means that recruitment is prohibitively difficult, even over the course of several 

years and multiple sites. As their profile of cognitive change was not significantly different 

from that of control participants it seems that healthy participants matched for age, sex, 

gender, years of education, and full-scale IQ remain a reasonable group for comparison, 

with the caveat that healthy controls are not having to cope with psychological reactions to 

diagnosis of a terminal illness and so may have lower levels of mood disturbance. Whilst a 

small number of studies have taken this approach (David and Gillham 1986; Schiffer and 

Babigian 1984; Tedman et al. 1997), it is more common in the depression literature and 

almost entirely absent in the neuropsychological literature.  

 

A power analysis showed that the effect sizes for differences between PMA patients and 

controls were small, and that in order to design a study with 80% power to detect 

significant differences at an alpha level of 0.05, the sample size required would be very 

large. This suggests that any differences between PMA patients and control participants 

that may exist are probably sufficiently small as to be negligible. Therefore it would not 

seem that further studies examining the cognitive profile of patients with PMA are 

warranted. 

 

The heterogeneity of clinical presentation and cognitive change in MND suggests a 

spectrum of differential vulnerability in the central nervous system. Assuming all 

subgroups are united by a common underlying physiological mechanism, such differential 

vulnerability might account for the mixed proportions of UMN/LMN degeneration in PLS, 

ALS, and PMA.  
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This would also seem consistent with the known overlap of these conditions (see Section 

2.4.5). An alternative explanation would be that PLS, ALS, and PMA are three distinct 

entities, each with their own underlying physiological mechanism which ‘targets’ the 

UMNs and frontal lobe regions in the case of PLS and ALS, or solely the LMNs in PMA. 

On present evidence, the former explanation seems more plausible, particularly given the 

potential for transformation of PLS and PMA to ALS, sometimes many years after initial 

presentation (Swash et al. 1999; Turner et al. 2003).  

4.5.5 Limitations 

The current study shares the limitations identified in Section 3.5.9 for the ALS study. In 

addition, the current study used only a small number of participants with PMA (n=10). This 

may mask any real differences between the two groups and increase the likelihood of Type 

II errors. Whilst every effort was made to recruit eligible patients from five MND Care & 

Research Centres across the UK, PMA remains a rare condition that is also likely to be 

under-diagnosed in the MND population.  

4.5.6 Conclusion 

It is thought that the 19
th

 Century neurologist Jean-Marie Charcot reported a case of PMA 

prior to his well known description of ALS, but the modern age has seen little progress 

made in further exploring this syndrome. To the untrained eye PMA and ALS appear to be 

indistinguishable from one another, and even amongst experienced professionals 

controversy exists as to the exact means of diagnosis. The current study has established that 

in addition to a slower rate of progression and improved prognosis in PMA, there is an 

absence of cognitive change. Whilst neuropathological studies have identified UMN 

changes in the corticospinal tract (Ince et al. 2003), it seems reasonable to predict that 

neurodegeneration will not be identified in extra-motor cortical areas and that PMA patients 

are unlikely to experience the cognitive deficits found in some patients with ALS. Future 

research must seek to understand the mechanisms underlying differential regional 

vulnerability of the central nervous system.  
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5 Anxiety and Depression 

In this chapter, two separate but related hypotheses were investigated. It has been 

established in Chapter 2 (Section 2.2.2) that there remains an impression in the literature 

that patients with MND are stoical, positive, and cheerful (Hunter et al. 1993). Research 

studies seeking to critically evaluate this notion have typically been small and relied upon a 

variety of methodologies including referral registers, clinical interviews, and self-report 

questionnaires. The estimated prevalence rates from these studies have varied between 0-

44% for depression (Ganzini et al. 1998; Hogg et al. 1994; Moore et al. 1998; Rabkin et al. 

2005; Schiffer and Babigian 1984; Tedman et al. 1997; Trail et al. 2003), and 11-26% for 

anxiety (Goldstein et al. 1998; Goldstein et al. 2002; Moore et al. 1998). The variation in 

these studies may be due, in part, to variation in the methodologies employed.  

5.1 Aims - Exploratory Study 4 
In order to test this proposal, two experiments were designed to 1) investigate the 

prevalence of anxiety and depression symptoms in a large, consecutive sample of patients 

with MND as reported by multiple self-report questionnaires and 2) compare the estimated 

prevalence rates of anxiety and depression symptoms obtained by participants using self-

report questionnaires as opposed to undergoing a structured clinical interview. 

5.2 Experiment One: Estimated Prevalence of Anxiety & 

Depression 

5.2.1 Design 

A cross-sectional study of the prevalence of anxiety and depression symptoms in a large 

consecutive series of patients.  

5.2.2 Participants 

5.2.2.1 Ethics Approval 

Ethical approval was sought and gained from the Institute of Psychiatry and King’s College 

Hospital Research Ethics Committees (119/04, see Appendix 19).  
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5.2.2.2 Participant Recruitment 

Patients attending a tertiary referral clinic for the care and management of MND were 

screened in weekly ‘subject pool’ meetings with members of the MND clinical research 

team currently recruiting for research studies. Patients were assessed for suitability 

according to their clinical notes and history, and if appropriate were sent a questionnaire 

pack including the measures detailed below in Section 5.2.3, and a stamped self-addressed 

envelope (SSAE). Patients with a previously confirmed diagnosis were contacted for 

research around two weeks after attending the clinic. Recently diagnosed patients were not 

contacted until two months post-diagnosis to avoid distressing patients and to avoid 

sampling patients whilst they were undergoing the immediate reactions to the diagnosis. If 

no response was forthcoming from patients after two months, they were sent a ‘reminder 

postcard’ (see Appendix 20) asking them to return the completed questionnaires if they 

wished to participate, or to return them uncompleted if they did not. 

5.2.2.3 Inclusion/Exclusion Criteria 

Inclusion criteria were a diagnosis of ‘possible’, ‘probable’, or ‘definite’ MND according to 

the revised El Escorial criteria (Brooks et al. 2000)(see Appendix 1). The category of 

‘possible’ MND was included to capture patients with PLS and PMA, two rare forms of the 

disease which differentially affect only the upper or lower motor neurones respectively, and 

so can not qualify as ‘probable’ or ‘definite’ cases. Exclusion criteria were a diagnosis 

other than MND, the presence of dementia as reported in the clinical notes (due to inability 

to give informed consent), or comments in the patient’s notes that they were not suitable to 

be contacted for research. This situation arose only once, in a particularly sensitive case of 

young-onset Familial ALS.  

5.2.2.4 Consent 

Participants were provided with a patient information sheet (see Appendix 21) giving an 

overview of what participation in this research would involve. The information sheet 

included contact details for the investigator and his supervisor (Dr. Laura H Goldstein) who 

could then answer any questions participants might have. If participants understood what 

testing involved and wished to participate, they were asked to complete the questionnaires 

and return them in the enclosed SSAE. If they decided not to participate they were asked to 

return the blank questionnaires in the enclosed SSAE so that they could be re-used.  
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Where patients were unable to write, it was suggested that assistance be sought from 

another person to help complete the forms. However, it was made clear that if participants 

did not feel comfortable with this arrangement they were free not to participate. On the 

advice of the Research Ethics Coordinator at the Institute of Psychiatry, written consent 

was not obtained for each individual participant (see Appendix 22), as completion of the 

questionnaires was assumed to reflect consent.  

5.2.3 Measures 

Several measures were identified on the basis of clinical use, previous use in MND 

research, and availability. Depression and anxiety were measured by the Hospital Anxiety 

& Depression Scale (HADS) (Zigmond and Snaith 1983), the Beck Depression Inventory 

(BDI) (Beck et al. 1961), and the Spielberger State-Trait Anxiety Inventory (STAI) 

(Spielberger et al. 1983). Demographic variables were recorded on a separate information 

sheet (see Appendix 23) and included: Date of birth, date of form completion, age, years in 

full time education, handedness, occupation, date of symptom onset, site of symptom onset, 

date of diagnosis, marital status, neurological history, psychiatric history, medication & 

vitamins currently taken, and two questions from the SF36 questionnaire (Ware and 

Sherbourne 1992) related to pain, which were identified as being relevant to anxiety and 

depression symptoms by (Tedman et al. 1997). 

 

The Beck Depression Inventory (BDI) is a widely used tool for measuring depressive 

symptoms (Beck et al. 1961).  It consists of 21 items, with each item scored according to 

symptom severity, producing a range of possible scores from 0 to 63.  Participants were 

asked to score, from 0-3, how they have felt in the past week on issues including guilt, 

irritability and appetite. Higher total scores indicate more severe depressive symptoms. 

Internal consistency is good, with a Cohen’s Alpha coefficient of around 0.85 (Lovibond 

and Lovibond 1995; Naughton and Wiklund 1993; Ambrosini et al. 1991; Craven et al. 

1988; Levin et al. 1988). The original BDI has been used to examine depression in MND 

jointly with the HADS  (Moore et al. 1998; Tedman et al. 1997) more frequently than the 

newer BDI-II, and was retained for this study to aid comparability. The standard cut-offs 

were as follows: 0-9 indicates that a person is not depressed, 10-18 indicates mild-moderate 

depression, 19-29 indicates moderate-severe depression and 30-63 signifies indicates severe 

depression. 
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The 14-item Hospital Anxiety and Depression Scale (HADS) is another self-report 

questionnaire consisting of two subscales, depression (HADS D) and anxiety (HADS A), 

each with seven items assessing the severity of symptoms  (Zigmond and Snaith 1983).  

The subscales have been shown to have good internal consistency (HADS A Cronbach’s 

Alpha = 0.84, HADS D Cronbach’s Alpha = 0.83 (Dagnan et al. 2000)), See also Section 

3.3.4), The cut-off values used were: 0-7 indicates subjects are not depressed or anxious, 8-

10 suggests a borderline state and 11-21 indicates depression or anxiety. As the HADS was 

designed for hospital patients with concomitant physical ailments it is less reliant on 

physical symptoms than the BDI.  

 

The 40-item State-Trait Anxiety Inventory (STAI; (Spielberger et al. 1983)) measures, in 

terms of anxiety, how people are feeling at the time of study (State) and in general (Trait).  

The STAI has been shown to have good internal validity (Cronbach’s Alpha = 0.88 (Caci et 

al. 2003)).  Scores range from 20 to 80.  Previous studies have successfully used the STAI 

in elderly populations  (Kvaal et al. 2001) and compared it with the HADS in healthy 

participants  (Lisspers et al. 1997).  

 

Whilst the Beck Anxiety Inventory (BAI) was also considered, the STAI has superior test-

retest reliability and construct validity and is more reliant on affective, rather than 

psychophysiological signs than the BAI (Creamer et al. 1995). Questionnaire scores were 

classified according to the following bands: 20-39 indicated low anxiety, 40-59 indicated 

medium anxiety, and 60-80 indicated high anxiety  (Spielberger et al. 1983).   

5.2.4 Analysis 

Standard cut-offs for each measure were used to generate estimated prevalence rates, 

reported as percentages. A repeated-measures ANOVA was undertaken for analysis of the 

STAI for condition (State Anxiety vs. Trait Anxiety). Correlational analyses were carried 

out to identify associations between measures of mood and demographic variables. 

Comparisons of binary variables (e.g. gender, antidepressant usage) were analysed using 

the Mann-Whitney U test. Exploration of BDI, HADS, and STAI data revealed bimodal 

distributions and/or distributions not fulfilling assumptions for the use of parametric tests 

(see Appendix 26). Therefore non-parametric tests were used for comparisons and 

correlations. 



 210 

5.2.5 Results 

From June until December 2004, the clinical notes of 232 individuals were screened for 

suitability for the study. Eighty individuals (35%) had a diagnosis other than MND or an 

unknown diagnosis. Seven MND patients (3%)  were being contacted for the 

neuropsychological study reported in Chapter 3 and were not contacted for this study to 

avoid over-testing. Four MND patients (2%) (two Sporadic and two Familial) also had a 

co-morbid dementia and were not contacted. The remaining 141 eligible MND patients 

were all invited to participate in the study. They consisted of 111 SALS patients, 12 PLS 

patients, 9 PMA patients, and 9 Familial ALS patients. From those patients contacted, 65 

returned completed questionnaires, yielding a response rate of 46%. Carers of 14 patients 

(10%) wrote to say that their spouse had died before completing the questionnaires. Eleven 

patients (8%) returned the forms blank for reuse. Two of these patients wrote separate 

letters stating that they felt participating in this research was a “waste of time and 

resources”.  Fifty-one patients (36%) failed to respond at all. Forty-nine patients were sent 

reminder postcards, which prompted completed questionnaires from nine patients, blank 

questionnaires for reuse from eight patients, and notifications of death pertaining to three 

patients. There were no significant differences between patients who responded within one 

month and those who responded after prompting by a reminder postcard in terms of age, 

gender, illness type, symptom duration, or levels of depression or anxiety (see Appendix 

24). 

5.2.5.1 Participant Characteristics 

Participant characteristics are presented below in Table 5.1. The sample appears typical for 

an MND patient group, with a mean age in the sixth decade of life, and a 2:1 ratio of males 

to females. The vast majority of patients (90%) had a diagnosis of ALS and post-hoc 

analyses found them to be no different to PMA, PLS, or FALS patients on any clinical or 

affective variable, and so these were amalgamated into one group: ‘MND Patients’ (see 

Appendix 25). Four participants did not complete the second question of the SF36 pain 

questions which relates to the degree to which pain interferes with their work or daily 

routine. These four patients wrote on the form that as they were physically incapable of 

doing anything, pain could not interfere. 
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Table 5.1 : Demographic Variables of Participants 

Variable  

n 65 

Gender M : F 44:21 

Handedness R:L 54:11 

Age (yrs) (mean, s.d.) 59.26 (9.4) 

Diagnosis (ALS/PLS/PMA/FALS) 58/3/2/2 

Disease Duration (months) (mean, s.d.) 44.24 (38.3) 

Limb : Bulbar Onset 58:7 (89%:11%) 

Taking Riluzole? (Yes) 49 (76%) 

Years of Education (mean, s.d) 13.75 (3.01) 

Marital Status (Married (or in a long-

term relationship)/Single/Divorced) 

58/3/4 

Duration of Relationship with Partner, 

where relevant (yrs) (mean, s.d.) 

31.92 (12.2) 

Taking Anti-Depressants? (Yes) 15 (23%) 

Previous Neurological History? (Yes) 6 (9%) 

Previous Psychiatric History? (Yes) 

 

9 (14%) 

SF36 Levels of Pain 

(None/Very Mild/Mild/Moderate/ 

Severe/Very Severe) 

11/24/15/12/2/1 

SF36 Pain Interfering 

Not at all/A little bit/Moderately/ 

Quite a bit/Extremely 

29/14/8/6/4/0 

SF36: Short Form 36-Item Health Questionnaire 
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5.2.5.2 Prevalence of Depression 

Percentages of patients falling into each depressive category for both the BDI and HADS D 

are reported in Tables 5.2 and 5.3. The mean score on the BDI was 12.63 (s.d. 8.5), 

indicating that on average patients were in the mild-moderately depressed range. Mean 

score on the HADS Depression Scale was 5.86 (s.d. 3.8), indicating that on average patients 

were not satisfying ‘caseness’ for depression. Two participants failed to answer all 

questions for both the BDI and the HADS, so their questionnaires could not be included in 

the analysis. 

 

Table 5.2: BDI Categories  

BDI Categories  N(%) 

Not Depressed (0-9) 28 (44%) 

Mild-Moderately Depressed (10-18) 22 (34%) 

Moderately-Severely Depressed (19-29) 10 (16%) 

Severely Depressed (30-63)   4 (6%) 

 

Table 5.3: HADS Depression Subscale Categories  

HADS D Categories N(%) 

Not Depressed (0-7) 46 (73%) 

Borderline (8-10) 8 (13%) 

Depressed (11-21) 9 (14%) 

 

5.2.5.3 Prevalence of Anxiety 

Estimated prevalence of anxiety for both the HADS A and STAI are reported in Tables 5.4 

and 5.5. Mean score on the HADS Anxiety Scale was 6.42 (s.d. 4.6), indicating that, on 

average, patients were not scoring in the anxious range. Mean score on the STAI State 

Scale was 36.88 (s.d. 13.8), indicating that when completing the questionnaires, patients 

were, on average, rating themselves as falling in the low anxiety range. Mean score on the 

STAI Trait scale was 37.09 (s.d. 13.8) indicating that, on average, patients rated themselves 

generally as having low levels of anxiety.  
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A repeated-measures ANOVA found no significant differences between STAI State and 

Trait subscales (F(1,59)=0.254, p=0.616), indicating that MND patients felt the same 

amount of anxiety in general as they did at the time of completing the STAI. 

 

Table 5.4: HADS Anxiety Subscale Categories  

HADS A Categories N (%) 

Not Anxious(0-7) 42 (67%) 

Borderline (8-10) 9 (14%) 

Anxious (11-21) 12 (19%) 

 

Table 5.5: STAI Categories 

STAI Category  N (%) 

State Anxiety  

Low Range 41 (67%) 

Medium Range 14 (23%) 

High Range 6 (10%) 

Trait Anxiety  

Low Range 36 (59%) 

Medium Range 20 (33%) 

High Range 5 (8%) 

5.2.5.4 Correlates of anxiety and depression 

Relationships between mood measures as revealed by two-tailed Spearman’s correlational 

analysis are shown below in Table 5.6. All mood measures were strongly correlated with 

one another, regardless of whether they purported to measure anxiety or depression. 
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Table 5.6: Correlations between mood measures 

 

 

 

 

 

 

 

 

 

 

 

 

 

p values from Spearman’s Rho 

 

Correlational analyses were undertaken to identify relationships between mood status and 

demographic variables which might account for particularly high or low prevalence rates 

relative to previous findings. The results reported in Table 5.7 indicate a trend approaching 

significance for a positive relationship between STAI-State and -Trait anxiety and the 

duration of the patient’s relationship with their carer, but a significant negative relationship 

between HADS Anxiety, HADS Depression, STAI-State, and STAI-Trait with duration of 

disease. All mood measures except for HADS Depression were correlated with levels of 

pain experienced by the patient in the preceding four weeks, and all mood measures were 

correlated with the extent to which pain had been interfering with the patient’s daily routine 

in the preceding four weeks. 

 

 

 

 

 

 

 

 

 

 

r  

p 

(n) 

HADS D HADS A STAI - 

State 

STAI - 

Trait 

BDI 0.772 

<0.001 

(61) 

0.783 

<0.001 

(61) 

0.731 

<0.001 

(59) 

0.755 

<0.001 

(59) 

HADS D  0.770 

<0.001 

(63) 

0.709 

<0.001 

(60) 

0.758 

<0.001 

 (59) 

HADS A   0.810 

<0.001 

(60) 

0.846 

<0.001 

(59) 

STAI – 

State 

   0.862 

<0.001 

 (60) 
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Table 5.7: Correlational analysis of continuous demographic variables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

p-values reported from Spearman’s Rho 

 

Table 5.8 shows the results of between-groups analysis for binary demographic variables. 

The only statistically significant difference associated with any demographic variable was 

whether or not patients were using antidepressant medication. Those who were on an 

antidepressant consistently rated themselves as more anxious and depressed on all 

questionnaires. This is illustrated graphically for the BDI in Figure 5.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

r 

p 

(n) 

Age Disease 

Duration 

Duration of 

Relationship 

SF36 

Levels of 

Pain  

SF36 Pain 

Interfering 

BDI 0.029 

0.820 

(63) 

-0.213 

0.100 

(61) 

0.126 

0.374 

(52) 

0.350 

0.005 

(63) 

0.384 

0.003 

(59) 

HADS 

D 

0.089 

0.487 

(63) 

-0.252 

0.050 

(61) 

0.057 

0.691 

(51) 

0.217 

0.088 

(63) 

0.423 

0.001 

(60) 

HADS 

A 

0.072 

0.575 

(63) 

-0.310 

0.015 

(61) 

0.175 

0.219 

(51) 

0.328 

0.009 

(63) 

0.491 

<0.001 

(60) 

STAI – 

State 

0.099 

0.449 

(61) 

-0.359 

0.005 

(59) 

0.259 

0.058 

(51) 

0.276 

0.032 

(61) 

0.384 

0.003 

(58) 

STAI -  

Trait 

0.075 

0.564 

(61) 

-0.306 

0.018 

(59) 

0.271 

0.054 

(51) 

0.347 

0.006 

(61) 

0.510 

<0.001 

(57) 
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Table 5.8: Comparative Analysis of Non-Continuous (Binary) Variables 

 

Means 

(s.d) 

 n (%) BDI 

 

HADS D 

 

HADS A 

 

STAI 

State 

 

STAI Trait 

 

M 44 (68%) 11.50  

(7.4) 

6.12    

(3.7) 

5.85     

(4.0) 

35.10 

(12.8) 

35.32 

(13.0) 

F 21 (32%) 15.13   

(9.3) 

5.33    

(4.2) 

7.57    

(5.4) 

40.40 

(15.3) 

40.30 

(15.0) 

Gender 

U,

p 

 U=355.5 

p=0.348 

U=385.0 

p=0.412 

U=365.0 

p=0.266 

U=327.5 

p=0.205 

U=334.0 

p=0.242 

Y 8 (13%) 11.75  

(8.0) 

4.78    

(4.1) 

7.44    

(3.2) 

35.88 

(14.1) 

39.88 

(12.2) 

N 55 (87%) 12.76  

(8.0) 

6.04    

(3.8) 

6.25    

(4.7) 

36.98 

(14.0) 

36.58 

(14.1) 

History 

of psych. 

Illness 

U,

p 

 U=209.0 

p=0.820 

U=196.0 

p=0.354 

U=182.5 

p=0.233 

U=200.0 

p=0.798 

U=173.5 

p=0.410 

Y 48 (76%) 12.93  

(7.7) 

5.98    

(3.5) 

6.36    

(4.2) 

36.82 

(13.0) 

36.49 

(13.4) 

N 15 (24%) 11.75    

(10.7) 

5.47    

(4.8) 

6.60    

(5.8) 

36.88 

(16.3) 

38.25 

(15.1) 

Using 

Riluzole 

U,

p 

 U=258.0 

p=0.099 

U=310.5 

p=0.422 

U=335.0 

p=0.685 

U=335.5 

p=0.688 

U=341.5 

p=0.761 

Y 14 (22%) 18.44 

(10.6) 

8.00    

(4.2) 

10.57  

(5.9) 

48.09 

(18.6) 

48.60 

(17.2) 

N 49 (78%) 10.70 

(6.7) 

5.24  

(3.5) 

5.23  

(3.4) 

33.17 

(9.5) 

33.15 

(10.1) 

Using 

Antidepr

essants 

U,

p 

 U=209.0 

p=0.007 

U=225.0 

p=0.029 

U=163.5 

p=0.001 

U=190.0 

p=0.005 

U=162.0 

p=0.002 

p values from two-tailed Mann-Whitney U-test 
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Figure 5.1: Significantly higher levels of depression on the BDI amongst patients 

currently using antidepressants 
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5.2.6 Summary of Findings 

On the basis of symptom frequency, the current study found that 14-22% of MND patients 

can be considered to be moderately-severely depressed, depending on the measure and cut-

offs used. Between 10-19% of MND patients can be considered to be anxious, again 

depending on the measure and cut-offs used.  
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Symptoms of depression and anxiety are more frequent in MND patients with higher levels 

of pain and taking anti-depressant medication. Symptoms of anxiety are more frequent 

amongst patients who have been in a relationship for a long time, but less frequent amongst 

those who have a longer duration of disease. The full implications of these findings will be 

discussed in Section 5.4. It is clear, however, that the exact proportion of patients 

considered to be anxious or depressed is reliant on the measures and cut-off scores 

employed; the aim of the second experiment in this chapter was to directly compare the 

measures used in the first study with each other and with a semi-structured clinical 

interview in order to assess their utility in MND.  

5.3 Experiment Two: Instrument Comparison 

As has been demonstrated in the study reported above, much of the variation reported in 

previous studies of psychological distress in MND may be accounted for by variation in the 

measures used. Measures used to assess depression and anxiety have included the Beck 

Depression Inventory (BDI) (Beck et al. 1961; Tedman et al. 1997; Rabkin et al. 2000; 

Moore et al. 1998; Trail et al. 2003), Beck Depression Inventory (Revised) (BDI-II)  

(Rabkin et al. 2005), Beck Hopelessness Scale (BHS) (Ganzini et al. 1998; Beck 1988; 

Rabkin et al. 2000; Rabkin et al. 2005), Centre of Epidemiologic Study – Depression scale 

(Lou et al. 2003a), clinical interview  (Brown et al. 1970; Rabkin et al. 2000),  the Hospital 

Anxiety and Depression Scale (HADS)  (Tedman et al. 1997; Zigmond and Snaith 1983; 

Goldstein et al. 2002; Moore et al. 1998; Hogg et al. 1994), the Short-Form 36 Health 

Questinnaire (SF36)  (Tedman et al. 1997; Ware and Gandek 1994), the Sickness Impact 

Profile (SIP) (Ganzini et al. 1998; Bergner et al. 1981; Goldstein et al. 2002; Hogg et al. 

1994), the Spielberger State-Trait Anxiety Inventory (STAI)  (Rabkin et al. 2000; 

Spielberger et al. 1983),  visual analogue Likert scales (Ganzini et al. 1998; Rabkin et al. 

2000; Trail et al. 2003; Adelman et al. 2004; Rabkin et al. 2005), and the Zung Depression 

Scale (ZDS)  (Chio et al. 2005a; Zung 1965).  
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With such a wealth of measures in use, comparability between studies is difficult, if not 

impossible. The range of questionnaires employed reflects the fact that no measure of 

depression or anxiety is ideal for use in MND. For example, whilst the BDI  (Beck et al. 

1961) is widely used in general clinical practice, some authors have found that its use in 

MND might be inappropriate if physical symptoms such as weight loss, fatigue, and poor 

appetite were endorsed more than psychological symptoms such as guilt or anhedonia  

(Moore et al. 1998). More generally, a potential criticism of the use of self-report 

questionnaires is that they are less specific to the presence of depression than a clinical 

interview, being an index of depressive symptoms rather than a clinical diagnosis. The aim 

of the current study was to compare the proportions of MND patients considered to be 

depressed or anxious depending on the measure used. 

5.3.1 Design 

Participants in the neuropsychological studies (see Chapters 3 & 4) completed a number of 

self-report questionnaires and also underwent a structured clinical interview, in order to 

evaluate the agreement and sensitivity of each measure.  

5.3.2 Participants 

The demographic and clinical data of the sample completing these measures were presented 

in Section 3.4.1 and Section 4.4.1. Ethical approval was detailed in Section 3.3.2.1. 

5.3.3 Measures 

Three self-report questionnaires were administered to participants: The BDI, HADS, and 

STAI (see Section 5.2.3 for more details). The HADS was modified by the removal of one 

depression item, “I feel slowed down”. This was intended to yield a “pure” psychological 

measure of distress with less reliance on physical items and has been undertaken in a 

number of previous neuropsychological studies e.g. (Abrahams et al. 2000; Abrahams et al. 

2004a; Abrahams et al. 2005b).  
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The cut-off values used for the depression subscale were therefore lower than those 

typically used: 0-4 indicated subjects were not depressed, 5-7 indicated a borderline state, 

and 8-18 indicated clinical depression. The cut-off values used for the anxiety subscale 

were the standard clinical cut-offs given in Section 5.2.3. In addition to the self-report 

questionnaires, the investigator administered the Structured Interview Guide for the 

Hamilton Depression Scale (SIGH-D) to each participant (Williams 1988).  The SIGH-D 

consists of a 17-item semi-structured interview which explores aspects of depression 

including anhedonia, guilt, suicidal ideation, and insomnia, and take approximately 10 

minutes to complete. The interviewer scored the participant’s responses to each section. 

The interview has been shown to have good test-retest reliability (r=0.81)  (Williams 1988). 

The cut-off values used were as follows: 0-8 indicates no depression, 8-18 indicates mild 

depression, 18-25 indicates moderate depression, and scores above 26 indicate severe 

depression.  

5.3.4 Analysis 

Kendall’s Tau-c was used to assess agreement between measures of anxiety and depression. 

A repeated-measures ANOVA was undertaken for analysis of the STAI for Condition 

(State Anxiety vs. Trait Anxiety), Group (All participant groups), and Condition x Group. 

ANOVAs were used to compare subgroups of MND (Sporadic ALS, Familial ALS, PMA, 

and Control Participants) on each measure, with post-hoc Bonferroni analyses employed to 

identify significant between-group differences.  

5.3.5 Results 

Mean scores for the mood measures are shown in Table 5.9. A one-way ANOVA showed a 

significant effect of Group for the three depression scales: BDI, HADS Depression Score, 

and SIGH-D Clinical Interview but not for the anxiety scales (HADS-Anxiety Score, 

STAI). Post-hoc Bonferroni analyses revealed all MND groups were significantly more 

depressed than controls as measured by the BDI (Mean difference= 3.7-6.8 points,  95% 

CI=0.219 – 11.44, p=<0.05) and SIGH-D (Mean difference= 2.9-4.9 points, 95% CI=0.07-

9.21, p=<0.05). However, use of the modified HADS Depression scale indicated that only 

Sporadic ALS patients were more depressed than controls (Mean difference= 1.5 points, 

95% CI=0.01-2.92, p=0.048).  
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Table 5.9: Mean scores across groups on mood measures 

 SALS FALS PMA Control (df), F  

p 

BDI Mean 

(s.d.) 

n 

9.19      

(5.1) 

40 

10.93      

(5.8) 

15 

12.30      

(4.9) 

10 

5.49       

(3.8) 

35 

(3,96)=8.281 <0.001 

HADS-D Mean 

(s.d.) 

n 

2.72       

(2.9) 

39 

1.73        

(1.9) 

15 

3.10       

(2.5) 

10 

1.26       

(1.5) 

35 

(3,95)=3.212 0.026 

HADS-A Mean 

(s.d.) 

n 

4.90       

(2.7) 

39 

4.93       

(4.7) 

15 

5.70       

(3.2) 

10 

4.23       

(2.4) 

35 

(3,95)=0.712 0.547 

STAI-S Mean 

(s.d.) 

n 

26.82      

(6.8) 

38 

27.20    

(10.1) 

15 

29.40     

(7.4) 

10 

27.34     

(6.9) 

35 

(3,94)=0.319 0.812 

STAI-T Mean 

(s.d.) 

n 

33.39     

(8.4) 

38 

34.53    

(12.4) 

15 

35.0       

(8.8) 

10 

31.66     

(8.3) 

35 

(3,94)=0.624 0.602 

SIGH-D Mean 

(s.d.) 

n 

6.29        

(4.1) 

38 

7.00        

(4.8) 

15 

8.33       

(6.5) 

9 

3.40       

(3.4) 

35 

(3,93)=5.262 0.002 

SALS: Sporadic ALS, FALS: Familial ALS, PMA: Progressive Muscular Atrophy, BDI: 

Beck Depression Inventory, HADS: Hospital Anxiety & Depression Scale (-D: Depression 

Subscale, -A: Anxiety Subscale), STAI: Spielberger State-Trait Anxiety Inventory (-S: 

State Subscale, -T: Trait Subscale), SIGH-D: Structured Interview Guide for the Hamilton 

Depression rating scales. p-values from one-way ANOVA 

 

A significant agreement was found between the BDI and SIGH-D categorical ratings using 

Kendall’s Tau-c (c=0.250, T=3.373, p=0.001), illustrated in Table 5.10. The BDI tended to 

rate patients in more severe categories than the SIGH-D; for example, the BDI indicated a 

greater proportion of patients were “mildly” depressed than the SIGH-D (34% vs. 21%). In 

total, the two measures agreed on the classification for 66 of 97 patients (68%).  
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No patients were rated as severely depressed. A similar analysis could not be performed 

with the HADS D scale as a requirement of measures of agreement is the use of similar 

scales; both the BDI and SIGH-D rate patients within four categories whilst the HADS uses 

only three. 

 

Table 5.10: Categorisation of depression severity by BDI and SIGH-D 

          SIGH-D 

BDI 

Not  

Depressed 

Mildly  

Depressed 

Moderately  

Depressed 

Severely  

Depressed 

BDI  

Total 

Not Depressed 

 

 

54 6 0 0 60 

Mild -

Moderately 

Depressed 

21 11 1 0 33 

Moderately – 

Severely 

Depressed 

 

0 3 1 0 4 

 

Severely 

Depressed 

0 0 0 0 0 

SIGH-D Total 75 20 2 0 97 

Shaded cells show region of agreement 

 

 

Table 5.11 shows the relative proportion of participants scoring in each category on the 

BDI, whilst Table 6.12 shows these proportions as rated by the SIGH-D. On the BDI, a 

Pearson’s χ
2
 test revealed a significant effect of Group (χ

2
(6)=22.9, p=0.001). As was the 

case for the mean BDI scores reported above, all patient groups were significantly more 

depressed than control participants, but there were no significant differences between 

patient groups. On the SIGH-D, a Pearson’s χ
2
 test revealed a trend approaching 

significance for an effect of Group (χ
2
(6)=11.906, p=0.064).  
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Table 5.11: BDI Categories across groups  

Category Sporadic 

ALS 

Familial 

ALS 

PMA Controls 

Not Depressed (0-9) 22  

(55%) 

6  

(40%) 

2      

(20%) 

31    

(89%) 

Mild-Moderately Depressed 

(10-18) 

16 

(40%) 

7     

 (47%) 

7     

(70%) 

4      

(11%) 

Moderately-Severely Depressed 

(19-29) 

2 

(5%) 

2      

(13%) 

1     

(10%) 

0 

Severely Depressed (30-63)  

  

0        0 0 0 

 

Table 5.12: SIGH-D Categories across groups  

 

Category  

Sporadic 

ALS 

Familial 

ALS 

PMA Controls 

Not Depressed (0-8) 30  

(79%) 

10  

(66%) 

4    

(40%) 

32  

(89%) 

Mild-Moderately Depressed  

(8-18) 

7    

(18%) 

5    

(33%) 

4   

(40%) 

4   

(11%) 

Moderately-Severely Depressed 

 (18-25) 

1      

(3%) 

0 1   

(10%) 

0 

Severely Depressed (>26) 

 

0 0 0 0 

 

Table 5.13 shows the relative proportion of participants scoring in each category on the 

HADS D and HADS A. A Pearson χ
2 

test found a significant effect of Group for the HADS 

Depression score (χ
2 

(6)= 14.233, p=0.027) and HADS Anxiety score (χ
2 

(6)= 23.633, 

p=0.001). The majority of participants (60-97%) were not classified as anxious or 

depressed; however, 10% of Sporadic ALS patients and 20% of Familial ALS patients were 

classified as depressed and anxious respectively. Patients with PMA had the highest 

proportion of participants scoring in the ‘borderline’ category.  
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Table 5.13: HADS Categories across groups  

HADS Category Sporadic 

ALS 

Familial ALS PMA Controls 

Depression     

Not Depressed (0-4) 32 

(82%) 

14 

(93%) 

7 

(70%) 

34 

(97%) 

Borderline (5-7) 3 

(8%) 

1 

(7%) 

3 

(30%) 

1 

(3%) 

Depressed (8-18) 4 

(10%) 

0 

 

0 0 

Anxiety     

Not Anxious (0-7) 30 

(77%) 

12 

(80%) 

6 

(60%) 

30 

(86%) 

Borderline (8-10) 9 

(23%) 

0 4 

(40%) 

5 

(14%) 

Anxious (11-21) 0 3 

(20%) 

0 0 

 

 

Table 5.14 shows the proportion of participants scoring in each category on the STAI State 

(STAI-S) and STAI Trait (STAI-T) anxiety scales. A Pearson χ
2 

test found no effect of 

Group on either the STAI-S (χ
2
(9)=11.341, p=0.253) or STAI-T score (χ

2
(9)=13.613, 

p=0.326). A repeated measures ANOVA on the STAI-S and STAI-T scores revealed an 

effect of Condition (State vs. Trait, F(1,95)=58.938, p<0.001), but not of Group 

(F(3,94)=0.403, p=0.751) or Group vs. Condition (F(3,94)=1.01, p=0.392), indicating that 

participants considered themselves less anxious whilst undergoing testing than they 

considered themselves to be “in general”. 
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Table 5.14: STAI State & Trait Categories across groups  

 Sporadic ALS Familial ALS PMA Controls 

Category State/Trait State/Trait State/Trait State/Trait 

Low Anxiety 

(20-39) 

 

37 

(97%) 

28 

(74%) 

14 

(93%) 

10 

(67%) 

10 

(100%) 

6 

(60%) 

32 

(91%) 

28 

(80%) 

Medium 

Anxiety 

(40-59) 

1   

(3%) 

10 

(26%) 

1    

(7%) 

4 

(27%) 

0 4 

(40%) 

3   

(9%) 

7 

(20%) 

High Anxiety 

(60-80) 

0 0 0 1    

(6%) 

0 0 0 0 

 

Table 5.15 shows all possible inter-measure correlations and correlations with the 

ALSFRS-R, a rating of physical disease severity. All measures of anxiety and depression 

were significantly inter-correlated regardless of whether they purported to measure anxiety 

or depression. The BDI and HADS D were correlated with ALSFRS-R score, but the 

remaining mood measures were not. Correlations reflect data from all participants to 

maximize statistical power; removing control participants from the analysis makes no 

qualitative difference to the direction, magnitude or significance of the correlations 

obtained. 
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Table 5.15 : Pearson’s Correlations between mood measures using raw scores 

 r= 

p 

n 

HADS 

Depression 

SIGH-

D Total 

HADS 

Anxiety 

STAI 

State 

STAI 

Trait 

ALSFRS-R 

BDI Total 0.568 

<0.001 

(99) 

0.677 

<0.001 

(99) 

0.526 

<0.001 

(99) 

0.430 

<0.001 

(98) 

0.668 

<0.001 

(98) 

-0.369 

0.003 

(65) 

HADS 

Depression 

 0.467 

<0.001 

(97) 

0.400 

<0.001 

(99) 

0.477 

<0.001 

(98) 

0.500 

<0.001 

(98) 

-0.351 

0.004 

(64) 

SIGH-D 

Total 

  0.587 

<0.001 

(97) 

0.512 

<0.001 

(97) 

0.585 

<0.001 

(97) 

-0.114 

0.376 

(62) 

HADS 

Anxiety 

   0.590 

<0.001 

(98) 

0.738 

<0.001 

(98) 

-0.068 

0.591 

(64) 

STAI State     0.686 

<0.001 

(98) 

0.023 

0.858 

(63) 

STAI 

Trait 

     -0.118 

0.355 

(63) 

Note: On the ALSFRS-R, higher scores reflect less physical impairment 

5.3.6 Summary of Findings 
 

Two experimental studies were undertaken to 1) examine the prevalence of symptoms of 

depression and anxiety in MND and 2) compare the sensitivity and agreement of measures 

used to quantify depression and anxiety.  
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The prevalence study found 27% of patients were classified as ‘borderline depressed’ or 

‘depressed’ on the HADS Depression scale, whilst on the BDI 56% were ‘mild-moderate’ 

to ‘severely’ depressed. On the HADS Anxiety scale 33% of patients were classified as 

‘borderline anxious’ or ‘anxious’, with a similar pattern identified by the STAI. The 

instrument comparison study found that levels of depressive symptomology identified in a 

self-report questionnaire, the BDI, were broadly comparable to those elicited by a semi-

structured clinical interview, though the BDI tended to rate patients in a higher category of 

depressive symptomology, as illustrated in Table 5.10. 

5.3.7 Experiment 1 

5.3.7.1 Prevalence of Depression and Anxiety Symptoms in MND  

The sample participating in the current experiment was typical of MND patients seen by a 

tertiary referral clinic, and can be considered to be quite representative, accounting for 

about 1% of all MND patients in the UK. This sample included a number of patients 

ineligible for the other research projects ongoing at the King’s MND Care & Research 

Centre due to age, level of physical disability, respiratory weakness, subgroup of disease, 

duration of disease, medication usage, and concomitant physical illness. This reflects the 

broad inclusion criteria of this study and means that the results can be more readily 

generalised to the MND population as a whole.  

 

In the current study, the prevalence of depression was estimated to be 27-56%. As has been 

indicated in Chapter 2 (see Section 2.2.2), previous studies of MND have found estimated 

levels of depression to be lower than this, with a prevalence of around 0-44% reported in 

most studies  (Ganzini et al. 1998; Moore et al. 1998; Rabkin et al. 2000; Schiffer and 

Babigian 1984; Trail et al. 2003). This is in contrast to reported rates for moderate-severe 

depression of 30-50% in MS (Tedman et al. 1997; Patten et al. 2003), and 45% in 

Parkinson’s Disease (Lemke et al. 2004; Lemke et al. 2005). Intuitively, it appears unusual 

that MND patients, with a poorer prognosis than MS or PD patients, should be found to 

have much lower levels of depression in the majority of studies carried out. The prevalence 

rates for moderate-severe depression in MND are similar to those of 30% in breast cancer 

(Ell et al. 2005), and 20% in digestive tract cancers (Zhou et al. 2005), which differ 

markedly in terms of pain, disability, and the potential for treatment. 
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The low estimates of depression and anxiety symptoms in MND may be accounted for, at 

least in part, by their methodologies. Two of these studies used a clinical interview to 

assess depression, identifying rates of 11-13% (Ganzini et al. 1998; Rabkin et al. 2000), 

whilst in Moore et al’s study all patients were helped to complete the questionnaires by 

another person (Moore et al. 1998), and found a rate of 23%. Patients being helped by a 

carer to complete the questionnaires may also have occurred in the current study, but 

patients were not specifically instructed to do so and it was made explicit that if they did 

not want their carer to do this they could decline to participate.  

 

In Trail et al’s study there was an inconsistent combination of patients responding to the 

questionnaires at home and/or in the clinic; in both situations a member of the clinical team 

distributed and collected the questionnaires. In addition to environmental factors, the use of 

cut-off scores different from those provided in the test manual may be more or less 

appropriate in MND or other neurological conditions (Brown 2004), and has not been 

examined formally. Finally, Schiffer and Babigian’s study only cross-referenced diagnoses 

of MND to psychiatric referrals in one county, with no quantified or validated measure of 

depressive symptomology  (Schiffer and Babigian 1984). However, higher estimates of 

depression prevalence have previously been identified by a postal questionnaire study 

which found 44% sample to be either ‘borderline depressed’ or ‘depressed’ as assessed by 

the HADS  (Hogg et al. 1994), which was actually higher than found in the current 

experiment (27%) using the same questionnaire. 

 

The disparity between the relatively high estimates in the current study and the clinical 

perception that patients are “cheerful, stoical, and positive” may be accounted for by the 

context in which the patient is asked. When undergoing questioning in clinic by their 

neurologist, in the presence of carers or other family members, there may be situational and 

social constraints that encourage patients to marginalize their distress. For example, a 

declaration that a patient is profoundly unhappy might be interpreted as a failing on the part 

of the neurologist or the patient’s carer. Additionally, the patient (or neurologist) may 

interpret the purpose of a clinical meeting to facilitate disease monitoring and symptomatic 

relief as opposed to emotional support and so does not provide the appropriate 

opportunities to address such issues.  
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In a similar vein, the estimated prevalence of patients with ‘borderline anxiety’ or ‘anxiety’ 

as revealed by the HADS was 33%. Again, this estimate is higher than that found in 

previous studies of between 11-26% (see Section 2.2.3). The proportion of patients falling 

in the categories of ‘medium’ and ‘high’ anxiety on the STAI questionnaire was 33% on 

the State scale and 41% on the Trait scale.  

 

Therefore the higher prevalence rates of depression and anxiety identified in the current 

study may be due in large part to the methodology employed. The current study improved 

on previous research by using a relatively large (n=65) sample and recruiting consecutive 

patients rather than a selected, and possibly biased group. It is also feasible that by allowing 

patients the time and privacy to complete the questionnaires by themselves, without 

personal interaction with members of the clinic, some of the contextual pressures described 

above were lessened and they were able to complete the questionnaires more honestly.   

5.3.7.2 Correlates of Depression and Anxiety in MND 

Results shown in Section 5.2.5.4 indicate a number of significant factors in levels of 

depressive and anxious symptomology including duration of relationship with their carer, 

disease duration, pain, and anti-depressant usage. Each one of these findings will be 

considered individually. 

 

A trend approaching significance was found between STAI anxiety and the duration of the 

patient’s relationship with their partner/spouse. For those in a relationship, STAI-T and 

STAI-S anxiety was positively correlated with duration of relationship. However, for the 

group as a whole, HADS Depression, HADS Anxiety, STAI-S and STAI-T scores were 

negatively correlated with disease duration. Therefore it is unlikely that the correlation 

between mood and duration of relationship is as a result of symptom progression, although 

the study did not include a measure of disease severity to test this. Similar findings have 

been reported previously (Goldstein et al. 1998; Tedman et al. 1997). Tedman et al 

identified higher levels of anxiety in patients who were married as opposed to single, 

widowed, or divorced (Tedman et al. 1997).  
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Tedman et al suggested causative factors as being the loss of role function, fears related to 

becoming a burden on their carer, and leaving them alone following death. They also 

identified significant relationships between levels of depression, anxiety, and pain using 

two questions from the SF36. The inclusion of these items in the current study has also 

yielded significant correlations between psychological distress and both the level of pain 

experienced and the degree to which pain interferes with work or the patient’s daily routine. 

On the basis of a correlation, however, one cannot discern the direction of causation. That 

is, it is unclear whether increased levels of pain are found amongst depressed patients 

(Sherman et al. 2004), that depression acts to raise levels of perceived pain, or that chronic 

pain increases reported levels of depression and anxiety symptoms (Schuler et al. 2004); 

both depression and pain share similar pathways and may be related via shared 

neurotransmitters (Bair et al. 2003). Regardless of the chosen interpretation, the finding 

confirms and re-emphasises Tedman et al’s suggestion that pain and depression must be 

considered synergistically during the assessment and treatment of people with MND.  

 

No significant differences were identified on any mood measures for effects of gender, 

previous history of psychiatric or neurological history, or for current use of Riluzole. This 

latter analysis was thought useful given the small number of case reports suggesting the 

drug’s utility in treating intractable depression (Coric et al. 2003; Zarate et al. 2004). There 

is nothing in the current study’s findings to suggest Riluzole is associated with mood in 

MND, though this was not a primary outcome of interest in the study’s design. 

 

A significant difference was found for all mood measures between MND patients 

prescribed an anti-depressant drug compared with those who were not. This may indicate 

that clinicians are correctly identifying patients with depression on the basis of clinical 

interview and prescribing appropriately. However, interpretation of this finding is made 

more complex because the anti-depressant class of drugs may be prescribed for other 

reasons in the treatment of MND. 
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For example, SSRIs may be used in the management of emotional lability, tri-cyclic 

antidepressants are used for their anticholinergic effects in the management of constipation 

and secretions, whilst the antianxiolytic class of benzodiazepines are used to aid sleep or 

reduce anxiety related to breathing. (Leigh and Ray-Chaudhuri 1994). Of the 15 patients 

prescribed an anti-depressant, only 6 were using an SSRI, the standard “frontline” treatment 

for depression. There is evidence from GPs’ prescribing habits that clinicians’ perceptions 

of depression are not accurate when compared to validated measures and that there may be 

a tendency to resist prescribing anti-depressant medication in cases perceived to be mild 

(Kendrick et al. 2005b). As yet, there has been no structured trial of anti-depressant use in 

the treatment of MND. Future studies should examine the use of pharmacological 

interventions for low mood and physical symptoms in combination to identify the most 

appropriate intervention.  

5.3.8 Experiment 2: Instrument comparison 

Comparisons between the BDI and SIGH-D showed moderate agreement, with the BDI 

consistently classifying patients in higher depressive categories than the SIGH-D, a semi-

structured clinical interview which contains a smaller proportion of items which may 

affected by physical symptoms of MND. However, for healthy control participants there 

was complete agreement. The difference in classification amongst MND patients may be 

accounted for by the BDI’s increased reliance on physical symptoms including poor sleep, 

fatigue, reduced appetite, and weight loss.  

 

By contrast, the modified HADS D was far less reliant on these symptoms and classified 

the majority of patients as ‘not depressed’ (82%). Only 27% of all MND patients were 

classified as ‘borderline’ or ‘depressed’ on the HADS as opposed to 46% of all MND 

patients classified as ‘mild-moderately’, ‘moderately-severely’, or ‘severely’ depressed on 

the BDI. However, another possible interpretation is that there is greater variability in BDI 

scores due to the greater number of items (21 on the BDI vs. 6 on the modified HADS D 

scale).  
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Whilst several items do rely on physical symptoms, patients endorsing items such as “I 

don’t sleep as well as I used to” could have difficulty sleeping due to physical discomfort or 

respiratory muscle weakness, but equally could have intrusive thoughts which prevent them 

from relaxing. Therefore the lower HADS D estimate is not necessarily a more accurate 

reflection of mood than the BDI, but BDI scores should be interpreted in light of the 

patient’s physical profile. Clinical use  of the BDI might involve generation of physical and 

psychological subscales, or specifying in the instructions that patients should only endorse 

items on the basis of psychological, not physical, causes. 

 

Comparisons between the HADS Anxiety scale and the STAI Trait scale show good 

agreement, with equivalent proportions of MND patients identified as ‘not anxious’ or 

having ‘low anxiety’ (75% vs. 70% respectively), ‘borderline anxious’ or ‘medium anxiety’ 

(20% vs. 29% respectively), and ‘anxious’ or ‘high anxiety’ (5% vs. 2% respectively). 

Scales intended to measure anxiety and depression had a high degree of shared variance, as 

revealed by significant correlations between all measures. Some authors consider self-

report questionnaires to measure levels of subjective distress rather than depression or 

anxiety specifically  (Watson et al. 1995; Crawford et al. 2001).  

 

All the instruments used in this experiment each had their strengths and weaknesses. The 

HADS is cheap to use for most hospitals or university departments, quick to administer and 

less reliant on physical symptoms than other scales; however, it has a small number of 

items and may be insensitive to moderate levels of anxiety and depression. The BDI has a 

theoretical grounding in cognitive models of depression and contains items of particular 

relevance to MND such as suicidal intentionality, but forms are quite expensive (£1.32 

each) and the BDI scores are influenced by responses to items relating to physical factors 

such as fatigue which may be unduly affected by physical, rather than emotional, sequelae 

of illness.  
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This may lead to over-diagnosis of depression and potentially lead to over-treatment. 

However, modern anti-depressant medication has relatively few adverse side effects. 

Weight gain and sexual dysfunction are the most common side effects of SSRIs, though 

increased anxiety and suicidal ideation have been reported (BNF49, 2005). The usage of 

these drugs in the management of secretions and emotional lability means that more 

widespread use might benefit patients with MND. The current study’s data regarding use of 

antidepressants suggests that under-treatment is more likely to be an issue. If, as was 

identified in a study of GP’s (Kendrick et al. 2005a), clinicians involved in the treatment of 

MND are unresponsive to the presence of mild depression in their patients, than an 

instrument which exaggerates the degree of depressive symptomology might compensate 

for this and more closely match symptom with response. 

 

The STAI appears to be very useful for identifying changes in anxiety states in different 

situations (e.g. on a hospital ward or in respite care), but each STAI costs 40 pence and for 

screening purposes the use of two subscales appears unnecessary. The SIGH-D is a freely 

available, well-structured clinical interview and explores criterion symptoms such as 

anhedonia in great depth, but for the clinical time and expertise it takes to administer it does 

not ‘add value’ to information that can be obtained through self-report questionnaires. A 

more thorough exploration of the clinical implications for these findings will be considered 

in Section 5.4.6. 

5.3.9 Limitations of the present studies 

5.3.9.1 Experiment 1 

The moderate response rate (46%) in this study can be accounted for in several ways. 

Firstly a significant number of patients (10%) died in the time period between attending 

clinic and completing the questionnaires. Unfortunately this is inevitable given the nature 

of MND. Secondly, a small number of patients (~5) who were sent reminder postcards after 

no response was obtained phoned to say that they had never received the questionnaire 

packs.  
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This can be attributed to several factors but was particularly noticeable in the period around 

Christmas, suggesting problems with the postal service. Conversely some questionnaire 

packs may have been completed but not received by the investigator. Thirdly, two patients 

wrote letters to complain they did not feel this type of research was worthwhile and 

suggested that resources might be better spent identifying risk factors and treatments for the 

disease.  

 

Fourth, it was clearly stated on the patient information leaflet that if patients were 

physically unable to complete the forms they could ask somebody else to help them if they 

wished, or not to participate if they did not wish their answers to be seen by others. Without 

detailed clinical data it is impossible to say whether non-responders were more physically 

disabled than responders. Finally, it has been suggested that some patients with MND are 

‘information avoiders’ and are unable to cope with discussion or consideration of their 

illness (O'Brien 2004).  

 

To further explore physical correlates of depression and anxiety, it could be argued that the 

measures used should have included an objective measure of disease severity. In the 

absence of a surrogate marker for MND, the best tool currently available is a functional 

rating scale of disability, the ALSFRS-R (Cedarbaum et al. 1999). This is administered as 

an interview rather than a self-report questionnaire, and in future studies could be 

administered over the telephone (Miano et al. 2004) to elucidate, for example, whether 

bulbar or limb symptoms were associated with anxiety or depression. The ALSFRS-R has 

recently been added as a standard measure on ‘follow-up sheets’ at the King’s MND Clinic 

and, if used consistently at clinic appointments, might provide more quantified clinical 

information for use in research studies. 

 

The difficulty in interpreting the reasons for the prescription of anti-depressant medication 

might have been made easier if participants had been asked to list medications they were 

taking specifically “for low mood”. However, this relies on patients knowing the purpose of 

their prescribed medication. In the current study patients were asked to list all medication 

they were taking, and the investigator identified those drugs in the anti-depressant class of 

drugs with help from clinical colleagues.  
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In future studies, a follow-up telephone call might be useful to clarify the purpose of certain 

anti-depressants, if known, but this would require additional ethical approval to that 

obtained for the current study. Finally, the large number of correlational analyses in the 

current study increases the chance of a Type 1 error. However, the p values obtained were 

very low and in all cases (except for the negative correlation with disease duration), they 

confirmed the findings of previous studies. 

5.3.9.2 Experiment 2  

The limitations in this part of the study relate to the restricted nature of the sample 

recruited. In order to minimize extraneous causes of cognitive change for the main part of 

the study, the participants in this sample may have been less physically disabled than a 

typical patient group as they had to be able to either speak or write to participate in the rest 

of the study. Participants taking anti-depressants other than SSRIs (due to treatment of 

emotional lability and excessive saliva) were excluded from the study, which may have 

excluded patients with high levels of depression. Patients with a clinical diagnosis of 

depression were not selected for recruitment in order to avoid confounding effects on 

cognitive performance. Finally, the design of the cognitive study in examining two rare 

subgroups of MND, Familial ALS and PMA means that these patient subgroups were over-

represented in this sample relative to the general MND population.  

 

The use of a modified HADS inventory, with the removal of the item “I feel slowed down” 

was intended to make the scale less reliant on physical correlates of negative affect. The 

corresponding reduction in cut-off scores was meant to accommodate this, but it may have 

affected the ability of the instrument to accurately reflect the proportion of participants in 

each category. In its favour, the proportions reported here are broadly in line with those 

reported from a large cohort of the normal population (Crawford et al. 2001). 

 

Comparisons between the HADS Anxiety scale and the STAI were made more difficult by 

the latter’s use of both ‘State’ and ‘Trait’ anxiety. For the ‘State’ part of the questionnaire, 

participants were asked to rate how they are feeling “right now… at  this moment” whereas 

the ‘Trait’ part asked how participants feel “generally”. By contrast, the HADS Anxiety 

scale asked participants to consider how they had been feeling in the preceding week.  
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This issue is particularly important given that there was a significant difference between 

scores on the STAI-S and STAI-T. In this data it would seem more appropriate to compare 

the HADS A and STAI-T as they both ask patients to reflect on general rather than context-

specific mood.  

 

The situation in which participants completed the ‘State’ section of the questionnaire was 

typically towards the end of a cognitive testing session at their home, in the presence of a 

researcher with whom the participant had (hopefully) established a good rapport. Therefore 

it is possible that this safe environment reduced patient’s levels of anxiety compared to how 

they would feel more generally. Contrary to the findings in Experiment 2 (see 5.3.5) it is 

worthy of note that in Experiment 1 there was no significant difference between STAI-S 

and STAI-T scores (see 5.2.5.3), possibly because there was no special context in which 

completion of the questionnaire had occurred. This adds weight to the notion that postal 

questionnaire studies may have better ecological validity as they do not occur in a novel or 

atypical situation.  

 

One of the limitations of Experiment 1 was a lack of clinical information. In Experiment 2 

there was ALSFRS-R data available for patient groups. However, due to the highly selected 

nature of the patient group, ALSFRS-R scores fell within a restricted range at the higher 

end of physical functioning.  

5.3.10 General Discussion 

Experiment 1 failed to identify any significant differences between subgroups of MND 

patients, though there were only a small number of patients with Familial ALS, PMA, or 

PLS. The sample in Experiment 2 included a higher proportion of patients with Familial 

ALS or PMA and so maybe more useful for between-group comparisons.  

 

A Pearson’s χ
2
 test found a significant effect of group on the BDI and a trend approaching 

significance for an effect of group on the SIGH-D. Inspection of Table 5.11 and Table 5.12 

reveals that PMA patients have the smallest proportion of participants in the ‘Not 

Depressed’ categories, with the modal value in the ‘Mild-Moderately Depressed’ category 

on both measures. As there have been no previous attempts to study mood in patients with 

PMA, these results will need to be replicated before firm conclusions can be drawn.  
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However, one might consider that despite having an improved prognosis relative to patients 

with either Sporadic or Familial ALS, the patient’s experience of disability will be slower 

and more chronic, with a greater burden placed on finances and on carers.  

5.3.11 Service Implications 

The identification of depression and anxiety remains a problem for clinicians involved in 

the care of people with MND. Whilst a certain amount of distress is inevitable in a disease 

such as MND, it can be difficult to judge where and when an intervention is most needed. 

Even when a diagnosis can be made, there are currently relatively few specialist services in 

the UK for people with MND and depression or anxiety. With respect to local care 

provision, when psychological distress is reported by patients to any member of the King’s 

MND Care & Research Centre, the person may be referred to a specialist counselling 

service available at the hospital. Where patients are unable to travel to King’s they may be 

referred to their local palliative care services as these are better equipped to deal with issues 

surrounding terminal illness. 

 

There have been no randomised controlled trials in MND to establish the best means of 

treating depression, anxiety, or emotional lability with either pharmacotherapy or 

counselling. Therefore there is little information upon which to base care decisions relating 

to psychological support. In the absence of a dedicated psychiatric service, a local 

neurologist or GP may offer a prescription for an anti-depressant such as citalopram or 

fluoxetine, or recommend counselling if it is available. However, few qualified counsellors 

are likely to have come across a disease as rare as MND and so may not be equipped to 

deal with the range of difficulties presented.  

 

Social and emotional support may also be provided by members of a voluntary group such 

as the Motor Neurone Disease Association’s (MNDA) network of local branches and 

regional care advisers. The myth of “cheerful, stoical, and positive” MND patients may be 

well-intentioned but ultimately harmful. By creating the expectation that patients should not 

experience psychological distress, the opportunities for them to express their feelings may 

be limited.  
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This may lead healthcare providers into a closed loop: a lack of perceived requirement for 

specialised services means that the need for specialist training is not recognised, referrals 

cannot be made, audits cannot be carried out, and so need and efficacy cannot be measured, 

feeding back into the cycle.  

 

Whilst the current study has not touched on the psychological distress experienced by 

carers, there is a body of literature to suggest that their levels of distress are closely linked 

to those of the patient  (Adelman et al. 2004; Rabkin et al. 2000; Trail et al. 2003; Goldstein 

et al. 1998). Whereas there are few services for MND patients there are even fewer for their 

carers, who will be providing the majority of care over the patient’s lifetime.  

 

As part of the ethical requirements for this project, the names of patients expressing high 

levels of depression or suicidal ideation were referred to the MND clinic coordinator. This 

served as a mechanism to identify patients in need of close monitoring to ensure they were 

“plugged in” to local services appropriate to help them. Without such information, 

problems might not have been identified until the next clinic appointment.  

The administration of a BDI to all MND patients (and perhaps their carers) attending an 

out-patient appointment should be considered. In addition to developing a body of data on 

which to encourage funding for the development of services, the completed questionnaire 

could be used as the basis for discussion of a patient’s emotional state. Rather than using an 

arbitrary cut-off score, the BDI could serve as an indicator for markers of distress such as 

anhedonia, irritability and suicidal ideation but also more ‘cognitive’ symptoms such as 

negative self-cognitions, feelings of being punished, and feelings of guilt.  

 

This may lead to a better understanding of the individual’s emotional status as well as 

providing more information on the nature of depression and anxiety in the wider MND 

population. In addition to monitoring of negative affect, there is an absence of research into 

the best forms of treatment for psychological distress in MND. Experiment 1 showed that 

patients on anti-depressants were significantly more anxious and depressed than those who 

were not; indicating perhaps that drug treatment alone is not sufficient to improve mood. It 

is also likely that amongst those on an antidepressant, a sizeable minority were prescribed a 

small dose at night to help sleep or excessive saliva through secondary effects of the drug.  
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It is unclear whether cognitive behavioural therapy would be effective in the case of MND; 

after all, intrusive thoughts that they are going to die, that their appearance is declining, and 

that the future is bleak can hardly be construed as a ‘negative cognitive shift’ but is actually 

quite accurate. The study found an interesting pattern, in that it appears that disease 

duration is negatively correlated with anxiety and depression. It may be that patients with a 

slower disease progression are responsible for this effect due to their improved prognoses, 

or it may be that patients adjust to the nature of their illness over time and come to accept 

their situation, similar to ‘reconceptualisation’ and ‘recalibration’ in studies of Response 

Shift (Rees et al. 2005). Detailed, qualitative research into the nature of this transformation 

could be useful in constructing a psychosocial intervention to tackle anxiety and depression 

in MND from the stance of a proactive, rather than palliative, treatment.  

5.3.12 Conclusion 
The experiments detailed in this chapter have identified several findings related to anxiety 

and depression in MND. The prevalence of anxiety and depression in MND may be as high 

as a fifth of all patients. By contrast, only a small fraction of MND patients are prescribed 

anti-depressant medication. There is a relationship between low mood and levels of pain 

experienced by patients which would indicate the management of pain as an essential part 

of holistic care. Counter-intuitively, it is not the case that patients who have the disease for 

longer are more depressed.  

 

The accurate assessment of anxiety and depression is the first step in proper management, 

and the use of a standardised measure completed by the patient at home may be a useful 

adjunct to subjective clinical impressions. Despite its relatively high cost and the inclusion 

of some items which may be endorsed because of physical symptoms, the BDI appears to 

be the most useful instrument of those trialled. The measurement of cognitive symptoms of 

depression as well as low mood may help distinguish the nature of the patient’s feelings, 

and the inclusion of an item relating to suicide might be of particular relevance in MND.  

 

The BDI might be improved for use in MND by development of a novel scoring procedure 

producing physical and psychological subscales, or instructing patients to only endorse 

items from a psychological perspective in order to yield a more accurate picture of their 

mood state.  
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As well as assessing low mood at baseline, the BDI could be used to assess the efficacy of 

any treatment prescribed to alleviate symptoms for depression. For the measurement of 

anxiety, the HADS Anxiety subscale appears to be the most appropriate tool to use. It is 

cheap to use, quick to administer, and provided a similar profile of results to the more 

expensive and difficult to administer STAI. There is a dearth of research in anxiety and 

depression as targets for treatment in MND. Large, well-controlled studies of psychological 

interventions, whether pharmacological or otherwise are needed to make the case for the 

management of emotional state as a priority for patient care.  
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6 Ligand PET Neuroimaging 

6.1 Introduction 

In Chapters 3 and 4 it was demonstrated that at least a subgroup of patients with MND 

experience some form of cognitive change. Specifically, a battery of neuropsychological 

tests demonstrated that cognitive and behavioural abnormalities of a predominantly 

executive and visuoperceptual nature were present in patients with the Familial forms of 

ALS, but not in patients with SALS or PMA. By contrast, patients with SALS were found 

to have deficits on a task of confrontation naming, and had significantly higher levels of 

emotional lability relative to control participants. Whilst lesion studies in patients with 

discrete circumscribed lesions are a useful tool in helping to identify regions which mediate 

executive function, it is unclear whether milder damage to the same regions is responsible 

for impaired performance in a neurodegenerative disease such as MND. Whilst functional 

imaging studies have been useful in identifying regions associated with performance on 

neuropsychological tests, such studies only provide evidence of altered cerebral blood flow.   

 

By contrast, the use of PET ligands to identify decreased regions of binding to specific 

receptors may provide more direct information about the physiological processes 

underlying such cognitive changes in vivo. In addition, whilst functional (i.e. activation) 

studies require specially modified tests with limits placed on participant motion, using 

ligand PET allows results to be gathered from standard neuropsychological tests performed 

offline and then correlated with regional volumes of distribution to identify brain regions 

responsible for subserving performance on these tasks. This chapter contains two major 

sections; the first will explore brain regions associated with performance on measures of 

neuropsychological function using the PET ligand, [
11

C]-flumazenil (Section 6.3), whilst 

the second will explore brain regions associated with emotional changes in ALS using the 

PET ligand WAY 100635 (Section 6.4).  
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6.2 Positron Emission Tomography (PET) 

Although a full discussion on the methodology of PET is outside the scope of this thesis, a 

basic understanding of PET is required to consider the rationale for the studies detailed in 

this chapter. A number of comprehensive reviews are available at both the introductory 

(Walker et al. 2004; Blokland et al. 2002) and expert levels (Townsend 2004; Humm et al. 

2003). In this section the basic mechanism underlying PET will be explained, with each 

ligand described separately in its own section. 

 

PET is a neuroimaging modality which detects the radioactive decay of isotopes with a 

short half-life (known as ligands) which are injected directly into the body. When a 

molecule of the ligand binds with its specific receptor, radioactive decay occurs. That is, a 

positron (a positively charged particle) is released which collides with an electron (a 

negatively charged particle), resulting in the release of energy in the form of two gamma 

rays (each with 0.511 MeV of energy) which escape from one another at an angle of 180 

degrees. The PET scanner consists of a circular array of paired gamma radiation detectors 

surrounding the head of the participant. When paired detectors on opposite sides of the 

head each detect a coincidental gamma ray within a few nanoseconds of each other, this is 

recorded as a ‘true coincidence event’ and plotted in 3D space. The key advantage of PET 

over other forms of radioimaging such as SPECT is that PET detectors can quantify the 

degree of ligand binding at any given point in space.  

 

Data from each pair of detectors is combined and modeled using computer software 

programs to model the amount of ligand uptake in any ‘voxel’ (the three-dimensional 

equivalent of a ‘pixel’) within the brain. Statistical Parametric Mapping software (SPM99, 

Wellcome Department of Cognitive Neurology) can be used to produce images of the brain 

on a computer display called a Statistical Parametric Map (SPM). In order to aid anatomical 

localization,  these SPMs may also be ‘co-registered’ onto a generic template, which is 

composed of the average of a series of control participant MRI scans e.g. (Holmes et al. 

1998). This technique was used in the present study. 
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In the current study, two different ligands were employed to identify cerebral regions 

associated with different forms of psychological change. [
11

C]-flumazenil was used to 

identify correlates of cognitive abnormalities, whilst [
11

C]-WAY100635 was used to 

identify correlates of emotional abnormalities in ALS.  

6.3 Flumazenil  

6.3.1 Introduction  

The PET ligand [
11

C]-flumazenil binds to the benzodiazepine binding site of gamma-amino 

butyric acid (GABA)A receptors, which are widely expressed on cerebral neurons. [
11

C]-

flumazenil is therefore regarded as a potential marker of cortical neuronal loss or 

dysfunction (Turner and Leigh 2000; Turner et al. 2005a). Previous studies have 

investigated ALS using this ligand, detailed in Section 2.3.2.2.1.  

 

The current study formed part of a parallel and separately funded research project which 

investigated the use of flumazenil as a potential surrogate marker of ALS (Turner and 

Leigh 2000; Turner et al. 2005a). The larger of these two studies used four participant 

groups: 24 patients with Sporadic ALS, 10 patients with the D90A SOD1 mutation, two 

asymptomatic participants who had tested positive for the D90A SOD1 mutation, and 24 

healthy control participants. Figure 6.1 (from Turner et al. 2005a)  shows overall decreases 

in flumazenil binding in Sporadic ALS patients relative to healthy control participants in 

the premotor regions, motor cortex, and posterior motor association areas. In addition, 

decreased flumazenil binding was significantly correlated with increased UMN burden 

(measured by a count of brisk reflexes (Turner et al. 2005a)) throughout the dominant 

hemisphere, suggesting UMN involvement is associated with extra-motor, as well as motor 

changes in the brain. The study reported in this thesis sought to identify neuropsychological 

correlates of the cerebral abnormalities identified in a subgroup of ALS patients recruited 

for the Turner et al (2005) study. 
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Figure 6.1 : Decreases in the cortical binding of flumazenil in Sporadic ALS patients 

compared with control participants from Turner et al (2005a) 

 

Previous neuroimaging studies (see also Section 2.3.2) have sought to examine cerebral 

regions underlying the cognitive profile of patients with ALS using unquantified measures 

of cerebral dysfunction such as SPECT, and have found a correlation between cognitive 

dysfunction and hypoperfusion of frontal lobe regions (Talbot et al. 1995; Abe et al. 1997). 

Similarly, studies using fMRI have consistently identified correlations between activation 

of frontal lobe regions and the performance of executive functions such as verbal fluency 

(Abrahams et al. 1995; Abrahams et al. 2004a). The scanning methodologies used have 

been restricted to measures of blood flow and glucose metabolism. To date, ligand PET 

studies have not been performed in order to identify the in vivo functional correlates of 

cognitive deficits in patients with ALS. 

 

 

 

Z-Score 
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6.3.2 Hypothesis 4 

The findings reported in Chapter 3 identified a subgroup of ALS patients as having 

cognitive deficits on a task of executive function (verbal fluency, Section 3.4.2.2 and 

Hayling Sentence Completion Test, Section 3.4.2.4), confrontation naming (Graded 

Naming Test, Section 3.4.5), and visuospatial perception (Judgement of Line Orientation, 

Section 3.4.6). On the basis of previous findings suggesting an association between 

executive and language functions in frontal lobe regions, and neuroimaging findings that 

flumazenil can accurately quantify regions of neuronal loss in extra-motor regions in 

patients with ALS, it was predicted that impaired performance on neuropsychological test 

scores of executive and language function would be significantly correlated with regions of 

decreased flumazenil binding in predominantly frontotemporal regions of the brain. 

6.3.3 Method 

6.3.3.1 Design 

A subset of participants from the cognitive study described in Chapter 3 were recruited as 

part of a separately funded, parallel research study being carried out by Dr. Martin Turner, 

a Neurology Registrar at the King’s MND Care & Research Centre. Participants underwent 

a single flumazenil scan at the Hammersmith MRC Cyclotron Unit, London, and were 

subsequently tested using the neuropsychological test battery described in Section 3.3. 

Using a covariate model, regions were identified where there was a significant correlation 

between  performance on  participants’ neuropsychological test scores and flumazenil 

binding. Only neuropsychological tests found to have a significant effect of Group in 

Chapter 3, described in Section 6.3.2, were used in the analysis. Participants performing at 

or below the 5
th

 percentile were identified by comparison with control data from the 

cognitive study described in Chapter 3 (see Table 3.27). 
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6.3.3.2 Participants 

6.3.3.2.1 Ethics Approval 

Ethical approval was sought and gained from the Institute of Psychiatry and Hammersmith 

Hospital Research Ethics Committees (see Appendix 2). In addition, the study was 

approved by the Administration of Radioactive Substances Advisory Committee (ARSAC).  

6.3.3.2.2 Participant Recruitment 

Patients attending a tertiary referral clinic for the care and management of MND were 

screened in weekly ‘subject pool’ meetings with members of the MND clinical research 

team currently recruiting for research studies, including Dr. Martin Turner. Patients were 

initially contacted by Dr. Turner (see Appendix 27) as part of his parallel study. Following 

PET scanning, participants were subsequently contacted by the author via the process 

detailed in Section 3.3.2.2. 

6.3.3.2.3 Inclusion / Exclusion Criteria 

In addition to the criteria listed in Section 3.3.2.3., none of the patients studied were taking 

any regular medication known to interact with the benzodiazepine receptor. Patients were 

asked to omit all medication, including riluzole where prescribed, for at least 48 hours prior 

to PET scanning in order to avoid the possibility of interference from centrally acting 

drugs. Patients were also excluded if they had severe bulbar involvement which may have 

made it difficult for them to lie supine for extended periods of time.  

6.3.3.2.4 Consent  

For the cognitive part of the study, the consent process was identical to that described in 

Section 3.3.2.4. The patient information sheet for Dr. Turner’s scanning study is presented 

in Appendix 28. 

6.3.3.3 Neuropsychological Testing 

As all participants were included in the cognitive study described in Chapter 3, the 

methodology for neuropsychological testing was as described in Section 3.3, whilst the 

methodology for the ELQ is described in Section 3.12. 
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6.3.3.4 Flumazenil PET Imaging 

[
11

C]-flumazenil PET images were acquired in 3D mode using an ECAT 953B PET scanner 

(CTI/Siemens, Knoxville, TN, USA), in 20 frames over 90 minutes. Scanning started 30 

seconds before a bolus injection of approximately 370 megabequerels of [
11

C]-flumazenil 

intravenously over 30 seconds into an antecubital fossa vein. A metabolite-corrected 

arterial plasma input function and spectral analysis  (Cunningham and Jones 1993) were 

used to derive parametric images of volume of distribution (VD, hereafter termed ligand 

“binding”) for the ligand. 

6.3.3.5 Power Analysis 

To the author’s knowledge no previous work has correlated flumazenil binding with 

neuropsychological tests. Based on previous findings (Friston et al. 1991c; Kew et al. 

1993a) of a strong correlation (r=0.75) between verbal fluency and cerebral activation 

during PET scanning using radiolabelled water, 10 participants would need to be scanned to 

achieve 80% power at p=0.05. 

6.3.3.6 Analysis 

Statistical Parametric Mapping software (SPM99, Wellcome Department of Imaging 

Neuroscience) was used to make group comparisons of the normalised and smoothed 

Volume of Distribution (VD) images (Friston et al. 1991b). Individual VD images were 

normalised into standard Montreal Neurological Institute space using a normal [
11

C]-

flumazenil template created in-house, and smoothed with a Gaussian kernel of 10x10x10 

millimetres. A covariate model was then used to look at the variation in binding of [
11

C]-

flumazenil with neuropsychological testing scores found to be abnormal amongst ALS 

patients as detailed in Chapter 3. Proportional scaling of the global VD (calculated using 

the default setting of 0.8) was used.  

 

A visualisation threshold of p=0.05 was applied to the SPMs generated and those with a 

corrected p<0.05 were displayed. SPMs showing volumes of distribution were registered 

onto a generic MRI template in order to aid anatomical localization. Brain regions were 

identified using a computerised version of the Talairach atlas (Talairach and Tournoux 

1998; Kochunov and Uecker 2003). 
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6.3.4 Results 

6.3.4.1 Participant Characteristics 

Participant characteristics are presented in Table 6.1. Turner et al’s (2005b) PET study 

recruited 24 patients with SALS, 1 FALS patients with a SOD1 mutation, and 2 FALS 

patients without a SOD1 mutation. In the current study, a total of 13 patients (10 male, 3 

female) underwent both neuropsychological testing and [
11

C]-flumazenil PET. The group’s 

mean age was 56 years old (range 40-73; SD 8.7 years), with a median disease duration of 

22.0 months (range 10-86 months). Three patients had a family history of ALS; Patient 6 

had a known SOD1 mutation. Median time between PET scan and neuropsychological 

testing was 1 month (range 1-24 months). One patient underwent neuropsychological 

testing 13 months after scanning, and another patient after 24 months. Removing these 

patients from the analysis made no qualitative difference to the results. Bulbar signs were 

present in 5 (38%) participants at the time of investigation. The mean ALSFRS-R 

(Cedarbaum et al. 1999) score was 39 (range 31-43 SD 3.2).  

6.3.4.2 Neuropsychological Test Scores 

Mean neuropsychological scores found to have a significant effect of Group in Chapter 3 

are presented in Table 6.2. This includes test scores for which either SALS or FALS 

patients were found to have significantly poorer scores than control participants. 

Comparison with the findings reported in Section 3.4 suggests the current sample had a 

similar pattern of neuropsychological performance to the SALS group. The patient group’s 

mean predicted premorbid IQ was in the average range. HADS depression scores for these 

patients were not normally distributed. The median HADS depression score was 1 (range:0-

6 maximum possible score of 18). Thus the group showed neither evidence of dementia as 

tested by the RSPM/NART discrepancy score (see Section 3.3.4.2), nor clinically 

significant levels of depression as measured by the HADS. 
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Table 6.1: Patient Characteristics for Flumazenil PET 

Patient ALS 

Type 

Age 

(years) 

Gender Disease 

Duration 

(months) 

Site of 

Onset 

Bulbar 

Signs 

ALSFRS-R 

1 SALS 63 F 17 Left Leg + 39 

2 SALS 63 M 20 Right Arm  43 

3 SALS 55 M 25 Left Arm  43 

4 SALS 72 M 44 Left Arm  40 

5 SALS 46 M 80 Left Arm  43 

6 FALS 64 F 36 Right Arm  31 

7 FALS 55 M 15 Right Leg  40 

8 SALS 60 M 21 Right Arm  40 

9 SALS 40 M 9 Left Leg + 31 

10 FALS 56 F 15 Right Arm + 38 

11 SALS 49 M 10 Left Leg + 38 

12 SALS 55 M 19 Right Arm + 38 

13 SALS 54 M 71 Right Arm  39 

SALS: Sporadic ALS, FALS: Familial ALS. + : Bulbar signs present  Disease duration was 

calculated from date of symptom onset to date of PET scan. Site of symptom onset (limb or 

bulbar) was noted, as was the presence/absence of bulbar signs at the time of investigation. 

Functional impairment was measured using the revised ALS Functional Rating Scale 

(ALSFRS-R) (Cedarbaum et al. 1999) – a 12 category scale from 0-48 where a lower score 

indicates greater disability. 
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Table 6.2: Neuropsychological Test Scores 

Test Mean S.D. N <5
th

 

Percentile 

NART Predicted premorbid Full-Scale IQ 111.46 8.0 n/a 

RSPM Score (Max = 60) 48.17 6.7 n/a 

RSPM - NART Discrepancy Z-Score 1.15 0.9 n/a 

Verbal Fluency Index (Wvfi) 6.85 3.4 1/10 

Hayling Sentence Completion Test 

Response Initiation Time 

9.23 7.0 1/13 

Hayling Sentence Completion Test 

Response Suppression Time 

30.69 22.7 0/13 

Graded Naming Test (Max = 30) 22.62 4.1 2/13 

Judgement of Line Orientation (Max = 30) 26.00 5.0 2/13 

NART: National Adult Reading Test, IQ: Intelligence Quotient, RSPM: Raven’s Standard 

Progressive Matrices,  WVFI: Written Verbal Fluency Index 

6.3.4.3 Standard Tests of Executive Function 

6.3.4.3.1 Verbal Fluency Index(Wvfi) 

Although due to hand weakness three participants were unable to complete the Wvfi, a 

statistically significant correlation (cluster-level corrected p=0.007) was found between 

[
11

C]-flumazenil binding and test scores with poorer performance on the Verbal Fluency 

Index (i.e. higher Wvfi scores) related to reduced binding in a region including the right 

inferior frontal gyrus, superior temporal gyrus, and anterior insula (coordinates of centroid 

x60, y24, z-4, Brodmann Area 47(37)) (see Figure 6.2). Of note, there was a trend 

approaching significance for an association between poorer performance on the Wvfi (i.e. 

higher score) and decreased flumazenil binding in the left inferior frontal gyrus 

(coordinates of centroid x-42, y36, z16, p>0.05), however this did not survive cluster 

correction (see Figure 6.3). This finding supports Hypothesis 4’s assertion that performance 

on tests of executive function would be correlated with flumazenil binding in frontal lobe 

regions.  
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Figure 6.2 : Reduced flumazenil binding associated with poorer performance on the 

Verbal Fluency task in the right inferior frontal gyrus  

 
Coordinates of centroid x60, y24, z-4, Brodmann Area 47 (p=0.001, cluster-corrected) 

 

Findings reported in Section 3.4.2.2 identified a significant effect of Group for performance 

on the Wvfi, with FALS patients scoring significantly worse than control participants. 

SALS patients were not significantly impaired. Inspection of the means shows that the two 

FALS patients in the current sample had poorer performance on the Wvfi (mean=10.8, 

(s.d.=7.3)) than SALS patients (mean=6.0, (s.d.1.3). 

 

 

 

 

 

 

 

Z-Score 
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Figure 6.3 : Reduced flumazenil binding associated with poorer performance on the 

Verbal Fluency task in the right inferior gyrus and non-significant trend for 

correlation in the left inferior frontal gyrus  

 

Coordinates of centroid x-42, y36, z16, Brodmann Area 44  (p=0.05, non cluster-

corrected) 

 

6.3.4.3.2 Hayling Sentence Completion Test 

Findings in Section 3.2.4 identified an effect of Group for reaction time on Sections A and 

B of the Hayling Sentence Completion Test, with a trend approaching significance on 

response latency, a measure which controls for motor speed of speech production. A 

number of non-significant trends were identified between decreased [
11

C]-flumazenil 

binding and test performance on the Response Initiation part (Section A) of the Hayling 

Test (i.e. longer latency) in a region including the right superior temporal gyrus 

(coordinates of centroid x54, y14, z-4, cluster-corrected p>0.05), left occipital lingual gyrus 

(coordinates of centroid x28, y-60, z2, cluster-corrected p>0.05), and right occipital sub-

gyral white matter (coordinates of centroid x8, -70, -2, cluster-corrected p>0.05). 

Z-Score 
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However, none of these correlations survived cluster correction, and motor speed of speech 

production may have been a factor. These findings do not support Hypothesis 4.  

In addition, a number of non-significant trends were identified between decreased [
11

C]-

flumazenil binding and increased latency on the Response Suppression part (Section B) of 

the Hayling Test in a region including the right cuneus (coordinates of centroid x16, y-68, 

z16, cluster-corrected p>0.05), left superior temporal gyrus (coordinates of centroid x-48, 

y-50, z16, cluster-corrected p>0.05), and left precentral gyrus white matter (coordinates of 

centroid x-50, 8, 8, cluster-corrected p>0.05). However, none of these correlations survived 

cluster correction, and motor speed of speech production may have been a factor. This 

finding does not support Hypothesis 4. Total Score was not used as a correlate in this 

analysis as it depends on motor score, whilst scaled scores were not used due to their 

restricted range. Language 

6.3.4.3.3 Graded Naming Test 

A significant correlation (cluster-level corrected p<0.001) was found between  [
11

C]-

flumazenil binding and test performance on the Graded Naming Test in the left inferior 

frontal gyrus/middle frontal gyrus (coordinates of centroid x-42, y36, z16, Brodmann Areas 

45 & 46) and the left cuneus (x-2, y-74, z8,) (Figure 6.4). Lower GNT scores were related 

to decreased binding. This finding supports Hypothesis 4. Findings reported in Section 

3.4.5 identified a significant effect of Group for performance on the GNT, with SALS, but 

not FALS, patients performing significantly worse than control participants. In the current 

study inspection of the means revealed no differences between performance of SALS 

patients (mean=22.0, s.d.=3.9) and FALS patients (mean=22.67, s.d.=4.7).  
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Figure 6.4: Reduced regional volumes of FMZ binding are associated with poorer 

performance on the Graded Naming Test in the left middle frontal gyrus and left 

cuneus 

 
Coordinates of centroid x-42, y36, z16, Brodmann Areas 45 & 46 (p=0.001, cluster-

corrected) and x-2, y-74, z8, Brodmann Area 18 (p=0.001, cluster-corrected) 

 

6.3.4.3.4 Judgement of Line Orientation 

A significant correlation (cluster-level corrected p<0.001) was found between [
11

C]-

flumazenil binding and test performance on the JLO in the right superior temporal gyrus 

(coordinates of centroid x54, y18, z-10, (Figure 6.5). Poorer JLO test performance was 

associated with decreased binding. This result was unexpected, as visuospatial perception 

was not predicted to be associated with temporal regions.  

 

 

 

 

Z-Score 
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Findings from Section 3.4.6 indicated a significant effect of Group for performance on the 

Judgement of Line Orientation (JLO), with FALS patients performing worse than control 

participants. Inspection of the means revealed that the three FALS patients in the sample 

had lower JLO scores (mean=20.33, s.d.=6.8) than the remaining SALS patients 

(mean=27.44, s.d.=3.2). 

Figure 6.5: Reduced regional volumes of FMZ binding are associated with poorer 

performance on the Judgement of Line Orientation in the right superior temporal 

gyrus  

 
Coordinates of centroid x54, y18, z-10, Brodmann Area 42 (p=0.001, cluster-

corrected) 

6.3.5 Discussion 

In the current study, 13 patients with ALS underwent [
11

C]-flumazenil PET scanning and a 

battery of neuropsychological tests, as described in Chapter 3. It was hypothesized that 

performance on tests on neuropsychological tests, and particularly those of executive and 

language function, would be correlated with regions of decreased flumazenil binding, 

predominantly in frontotemporal regions.  

 

Z-Score 
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6.3.5.1 Verbal Fluency Associated with Right Frontal Lobe 

A significant correlation was found between performance on the Wvfi and flumazenil 

binding in a region including the right inferior frontal gyrus, right superior temporal gyrus, 

and anterior insula, with poorer performance associated with decreased binding.  Although 

this appears to be a unilateral correlation with the right sided regions (contrary to 

expectations for a test of verbal fluency), when the significance threshold levels were 

reduced to reveal trends (p=0.05 without cluster correction), there was also a trend 

approaching significance for a correlation between performance on the Wvfi and binding in 

the left inferior frontal gyrus.  

 

Typically, performance on tests of verbal fluency has been associated with the left 

hemisphere, although some bilateral activation has also been identified (Cabeza and Nyberg 

2000; Abrahams et al. 2003; Abrahams et al. 1996). In a previous functional PET study, 

ALS patients with impaired performance on Wvfi have been found to have decreased 

activation in the left DLPFC, premotor cortex, insular cortex, and thalamus (Abrahams et 

al. 1996). A more recent fMRI study found decreased activation during performance of a 

verbal fluency task amongst ALS patients in the left middle frontal gyrus, left inferior 

frontal gyrus, right middle frontal gyrus, and right anterior cingulate gyrus, as well as 

regions of the left temporal and left parietal lobes (Abrahams et al. 2004a). Finally, a recent 

voxel-based morphometry study identified a correlation between verbal fluency and grey 

matter volume in the left inferior frontal gyrus (Chang et al. 2005a).  

 

There are several possible explanations for the incongruity between the current study’s 

findings and those of previous studies, and which may explain the small number of regions 

associated with impaired WvfI and the less evident involvement of the left side. Firstly, the 

current study used a sample of ALS patients who were not specifically selected for 

cognitive status. Several previous studies using PET and MRI have selected patients on the 

basis of Wvfi performance or simple verbal fluency and compared  ‘impaired’ and 

‘unimpaired’ groups (Abrahams et al. 1996; Abrahams et al. 2005a; Kew et al. 1993a).  

In the current study the correlational analysis was undertaken with a relatively unimpaired 

group of participants in terms of their Wvfi scores (mean score= 6.85, s.d. = 3.4, compare 

with Table 3.7); using the cut-off scores from Table 3.27, only one participant in the current 
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sample scored below the 5
th

 percentile, and inspection of the means indicate that the two 

FALS patients may have accounted for poor scores and the lowest levels of flumazenil 

binding. Therefore the regions implicated in the current study may represent regions 

associated with only mild changes in Wvfi performance.  

 

Secondly, the sample size in the current study was small. With three participants unable to 

complete the Wvfi due to hand weakness only 10 participants were available for the 

analysis. However, this fulfills criteria for the power analysis in Section 6.3.3.5, the 

significant findings identified were robust, and the analysis used tended towards being quite 

conservative through the use of cluster-correction. A replication of the current study 

specifically using cognitively impaired patients might have yielded quite different results 

and would be an interesting area for future research. 

 

Thirdly, it must be borne in mind that the current study was a ligand study rather than an 

activation study. The current finding suggests that patients with poorer verbal fluency 

performance have decreased levels of flumazenil binding (and therefore potentially 

increased levels of neuronal loss) in the areas described, but does not provide information 

concerning areas of activation or decreased regional cerebral blood flow, which may result 

from changes in neuronal activity.  

 

Finally, it has been shown in motor paradigms that ALS patients show a pattern of cortical 

reorganization in motor functions, with increased levels of ipsilateral activation relative to 

control participants (Konrad et al. 2002; Schoenfeld et al. 2005), and a recruitment of areas 

outside the motor cortex unique to patients with ALS (Kew et al. 1993b; Schoenfeld et al. 

2005).  Although speculative, it is possible that ALS patients recruit brain regions from the 

non-dominant hemisphere to compensate for extra-motor neuronal loss in the dominant 

hemisphere, as found in stroke patients recovering lost motor function  (Johansen-Berg 

2003; Johansen-Berg et al. 2002) and language ability from aphasia (Rosen et al. 2000; 

Winhuisen et al. 2005). A loss of dominant hemisphere neurones in ALS may lead to 

recruitment of non-dominant brain regions for performance of verbal fluency. However, if 

this were the case then more significant left-sided correlations would also have been 

expected. 
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6.3.5.2 Graded Naming Test Performance Associated with Broca’s area 

The current study found that poorer performance on the Graded Naming Test was 

correlated with decreased flumazenil binding in the left inferior frontal gyrus/middle frontal 

gyrus (including Broca’s area) and the left cuneus. This result is consistent with a recent 

fMRI study that found impaired activation in the middle and inferior frontal gyri during a 

similar task of confrontation naming in patients with ALS (Abrahams et al. 2004a). In 

addition, other authors have identified a subgroup of patients presenting with a progressive 

aphasic syndrome in combination with ALS (Bak and Hodges 2001; Bak et al. 2001; 

Rakowicz and Hodges 1998). Neuropathological examination of such patients revealed a 

consistent pattern of gliosis, superficial spongiosis, and neuronal loss in frontal regions 

including Brodmann Areas 44 and 45 (Bak et al. 2001). It may be that similar, but more 

subtle pathological changes underlie the in vivo changes detected using [
11

C]-flumazenil 

PET.  

 

Previous neuroimaging studies in healthy controls have drawn clear relationships of 

structure to language function in the left inferior frontal gyrus. Specifically, this region 

appears to be important in learning new words (Gronholm et al. 2005), phonetic processing 

(Ojanen et al. 2005), and the interaction between sentence processing and working memory 

(Fiebach et al. 2004). Previous studies have associated damage to the dominant (typically 

left) IFG with the presence of aphasia (Winhuisen et al. 2005).  

 

In contrast to deficits on tests of verbal fluency, as a test of word retrieval the Graded 

Naming Test relies less heavily on executive functions. It is not yet clear, however, whether 

such language deficits represent an unusual presentation of MND, or a distinct entity such 

as “MND-Dementia-Aphasia Syndrome” (Bak et al. 2001). The prevalence of such naming 

deficits in ALS are almost certainly underestimated due to communication difficulties in 

the late stages of the disease, and future research might examine language changes in the 

context of assistive communication devices. It is feasible that a subclinical naming deficits 

are an integral part of the disease, and may not be such an unusual presentation. 
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6.3.5.3 Judgement of Line Orientation 

Poorer performance on the Judgement of Line Orientation was associated with decreased 

[
11

C]-flumazenil binding in the right superior temporal gyrus. Section 3.4.6 identified 

significant deficits amongst FALS patients relative to control participants; inspection of the 

means in the current study suggests FALS patients may have been responsible for the 

lowest scores and lowest levels of flumazenil binding. There is some evidence to suggest 

that the right hemisphere (Treccani et al. 2005; Trahan 1998), and in particular the right 

superior temporal gyrus is associated with directional perception, implicated in hemispatial 

neglect (Hillis et al. 2005). For example, a case study from Japan (Akiyama et al. 2005) 

describes a patient who suffered an isolated cerebrovascular accident localized to the right 

superior temporal gyrus and experienced both hemispatial neglect and an inability to detect 

direction of eye gaze, with a marked right bias. The patient detected eye gaze looking 

towards the left as looking straight ahead and eye gaze looking straight ahead as looking 

towards the right. A recent study (Ellison et al. 1998) used Transcranial Magnetic 

Stimulation (TMS) in healthy participants to cause temporary dysfunction of the right 

superior temporal gyrus and found that this area was implicated in tasks of visual search. It 

remains unclear, however, what implications, if any, this finding holds for patients with 

ALS. Examination of participant’s raw data did not reveal evidence of hemispatial neglect.  

 

Whilst ocular muscles are typically the last to be affected, even in late stages of ALS, there 

have been a small number of studies to suggest abnormalities in generation of eye 

movements including anti-saccades (see Section 2.1.4.3). As ventilatory support and the 

use of eye-tracking devices for communication become more widespread, visuospatial 

perception may represent an important area for future research.  

6.3.6 Conclusion 

In the current study, [
11

C]-flumazenil PET was used to localize regions of decreased 

binding associated with poorer performance on several neuropsychological measures. The 

findings add support to the literature which suggests that MND is a multi-system disorder 

with extra-motor involvement, and that cognitive abnormalities in a subset of patients are 

caused by an underlying physiological mechanism (and possible neuronal loss) rather than 

occurring as psychological sequelae to living with the disease.  
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6.4 (11C) WAY100635 

6.4.1 Introduction 

The PET ligand [
11

C]-WAY100635 binds to 5-HydroxyTryptamine1A (‘Serotonin’) 

receptors, widely expressed on pyramidal neurones post-synaptically in several regions 

including the frontal cortex, with low or undetectable levels in the cerebellum (Tauscher et 

al. 2001; Turner et al. 2005b). The current study formed part of a parallel research project 

which investigated the use of WAY100635 as a potential surrogate marker of ALS (Turner 

et al. 2005b). The larger study used two participant groups: 21 patients with ALS and 19 

healthy control participants. Figure 6.6 shows overall decreases of 16-29% in WAY100635 

binding amongst ALS patients throughout frontotemporal regions, cingulate and lateral 

precentral gyri.  

 

The 5HT1A system has been implicated in the pathophysiology of depression through 

neuropathological studies of suicide victims and patients with clinical depression, as well as 

in vivo neuroimaging with the PET ligand WAY100635 (Drevets et al. 1999). Furthermore, 

the ‘frontline’ treatment for depression is the Serotonin-Specific Reuptake Inhibitor (SSRI) 

class of drugs including paroxetine and fluoxetine (Schatzberg 2002). To date, no studies 

have sought to measure serotonergic function in patients with ALS. Whilst there is a link 

between the serotonergic system and cognitive performance the relationship is far from 

clear; on the basis that clearer predictions could be made about the relationship between 

cognitive function and the flumazenil ligand, the current study sought to identify emotional 

correlates of cerebral abnormalities identified by WAY100635 PET. 
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Figure 6.6: SPM showing reductions in WAY100635 binding amongst ALS patients 

relative to healthy controls. From Turner et al (2005b) 

 

Decreased WAY100635 binding throughout frontotemporal regions including the 

fusiform gyrus (26-29%), parahippocampal gyrus (22-28%), medial inferior temporal 

gyrus (24%) , precentral gyrus (21-23%), orbitofrontal cortex (22-23%), anterior 

cingulate cortex (19-22%), insula (22%), amygdala (19-20%) and hippocampus (16%) 

(p<0.05, non cluster-corrected) 

 

 

Z-Score 
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6.4.2 Hypothesis 5 

Due to the association between 5HT and mood disorders such as depression, and previous 

findings of reduced 5HT1A binding in major depression of around 12%,  it was predicted 

that reduced regional volumes of WAY100635 binding would be associated with higher 

scores on measures related to emotion and mood including depression, and anxiety. As 

emotional lability appears to be responsive to SSRI medication it was predicted that there 

would be a relationship between 5HT receptor binding and severity of lability. 

6.4.3 Methods 

With the exception of methodology specific to the WAY100635 ligand and analysis, all 

aspects of the current study’s methodology were identical to those presented in Section 

6.3.3. Due to a lack of variability in HADS subscales, the sum of HADS A and HADS D 

subscales were entered as a single covariate for the current study, to yield a “Total HADS” 

score. As discussed in Section 5.3.3., as a measure of depression the BDI is reliant on 

physical symptoms which might be confounded by sequelae of the disease process. For the 

current study it was felt that the HADS would provide a potentially less biased account of 

patient’s mood. 

6.4.3.1 WAY100635 PET Imaging 

[
11

C]-WAY100635 PET imaging was performed with an ECAT966 HR++ camera, 

collecting 23 time frames over 95 min in list-mode. Scanning started 30s before a bolus 

injection of approximately 8 mCi [
11

C]-WAY100635 intravenously over 30s into an 

antecubital fossa vein. 

6.4.3.2 Analysis 

Statistical Parametric Mapping software (SPM99, Wellcome Department of Imaging 

Neuroscience) was used to make group comparisons of the normalised and smoothed VD 

images (Friston et al. 1991a). Individual VD images were normalised into standard 

Montreal Neurological Institute space using a normal [
11

C]-WAY100635 template created 

in-house, and smoothed with a Gaussian kernel of 10x10x10 millimetres.  
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A covariate model was then used to look at the variation in binding of [
11

C]-WAY100635 

with test scores on the HADS, STAI, and ELQ. Proportional scaling of the global VD 

(calculated using the default setting of 0.8) was used. A visualisation threshold of p=0.05 

was applied to the SPMs generated and those with a corrected p<0.05 were displayed. 

Brain regions were identified using a Talairach atlas (Talairach and Tournoux 1998). Cut-

off scores for mood measures are described in more detail in Sections 5.1.3, 6.2.4, and 

3.3.12.1. 

6.4.4 Results 

6.4.4.1 Participant Characteristics 

Participant characteristics are presented in Table 6.3. Ten patients (9 male, 1 female) 

underwent both neuropsychological testing and WAY100635 PET scanning. Eight of these 

10 patients had also undergone Flumazenil PET scanning, described in Section 6.3. At the 

time of PET scanning, the group’s mean age was 55 years old (range 40-66, s.d. 8.0 years), 

with a median disease duration of 21.0 months (range 10-90 months). Median time between 

PET scan and neuropsychological testing was 2 months (range 1-13 months).  

Disease duration was calculated from date of symptom onset to date of PET scan. Site of 

symptom onset (limb or bulbar) was noted, as was the presence/absence of bulbar signs at 

the time of investigation. Functional impairment was measured using the revised ALS 

Functional Rating Scale (ALSFRS-R) (Cedarbaum et al. 1999) – a 12 category scale from 

0-48 where a lower score indicates greater disability. Whilst all patients had a limb onset of 

disease, bulbar signs were present in five (50%) participants at the time of investigation. 

The mean ALSFRS-R score was 39.50 (range 32-43, s.d. 4.3). Table 6.4 shows the mean 

scores for the ALS patient group on the HADS, STAI, and ELQ. 

6.4.4.2 Depression and Anxiety – HADS 

Whilst several clusters of voxels were correlated with Total HADS (see Section 5.1.3) 

scores throughout frontotemporal white matter regions, none of these survived cluster 

correction (p>0.05). This finding fails to support Hypothesis 5. On the basis of HADS 

subscale cut-off scores of 7 for depression and 10 for anxiety, two participants were 

classified as depressed, and one as anxious.  
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Table 6.3: Patient Characteristics for WAY100635 PET 

Patient ALS 

Type 

Age 

(years) 

Gender Disease 

Duration 

(months) 

Site of 

Onset 

Bulbar 

Signs 

ALS 

FRS-R 

1 SALS 58 M 45 Left Arm  43 

2 SALS 64 M 43 Right Arm  40 

3 SALS 55 M 20 Left Arm  43 

4 SALS 66 M 90 Left Leg + 32 

5 SALS 46 M 86 Left Arm  43 

6 SALS 60 M 22 Right Arm + 40 

7 FALS 56 F 15 Right Arm + 43 

8 SALS 40 M 10 Both Arms + 32 

9 SALS 49 M 11 Left Leg + 38 

10 SALS 55 M 18 Right Arm  41 

SALS : Sporadic ALS, FALS: Familial ALS, + : Bulbar signs present   

 

Table 6.4: Patient Characteristics on Mood Measures 

Mean Score 

(s.d.) 

ALS Patients 

HADS (Total) 5.50 

(3.4) 

STAI-T 27.0 

(5.9) 

ELQ (Total) 15.0 

(14.6) 

6.4.4.3 Anxiety – STAI-T 

A significant correlation was found between reduced WAY100635 binding and higher 

levels of Trait Anxiety as measured by the STAI-T (see Section 5.1.3.) in a region 

including the right precentral gyrus (coordinates of centroid x34, y-14, z60, p=0.021).  
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There was also a trend approaching significance for a correlation between reduced 

WAY100635 binding and increased score on the STAI-T in the left inferior frontal gyrus 

(coordinates of centroid x-56, y14, z24, p=0.092, see Figure 6.7). This finding supports 

Hypothesis 5. According to cut-offs of 20-40 for low anxiety, 40-60 for medium anxiety, 

and 60-80 for high anxiety, one participant was identified as having medium levels of 

anxiety; all other participants had low anxiety. 

Figure 6.7: Correlation between increased STAI Trait Anxiety and decreased 

WAY100635 binding in the right prefrontal cortex  and the left inferior frontal gyrus  

 
Coordinates of centroids x34, y-14, z60, Brodmann Area 44 & 45(p=0.021 cluster-

corrected, circled in top right coronal section), x-56, y14, z24,  Brodmann Area 9 

(p=0.092 cluster-corrected, circled in bottom left axial section). Image also shows 

significant correlations not surviving cluster correction (p>0.05). 

6.4.4.4 Emotional Lability – ELQ 

Whilst several clusters of voxels were correlated with total ELQ score (see Section 

3.3.12.1) throughout frontal white matter and cortical occipital regions, none of these 

survived cluster correction (p>0.05). This finding fails to support Hypothesis 5. According 

to the cut-off scores described in Section 3.3.12.1, only one patient was classified as being 

emotionally labile. 



 266 

6.4.5 Discussion 

In the current study a significant correlation was found between increased levels of state 

anxiety as measured by the STAI-T and decreased binding of the 5HT1A PET ligand  

WAY100635 in a region including the right precentral gyrus. Previous neuroimaging 

studies using volumetric analysis in patients with ALS have associated decreased volume in 

this area with a bulbar onset of disease (Ellis et al. 2001), whilst a neuropathology study 

associated atrophy in this area with limb dysfunction as well as spasticity (Kiernan and 

Hudson 1994), reflecting its importance in the motor system. Whilst it is possible that this 

correlation arises from a coincidence of worsening physical symptoms with increasing 

anxiety, the STAI findings presented in Table 5.7 suggest that anxiety actually decreases as 

the disease progresses.  

 

One previous study administering the STAI to healthy participants undergoing PET with 

the ligand [18F]-2-fluoro-2-deoxy-D-glucose (18F-FDG) failed to find any significant 

correlations between ligand binding and anxiety (Giordani et al. 1990). The authors 

suggested that any relationships were obscured by normal variance in the distribution of 

their ligand, a marker of cerebral glucose metabolism. More recently, a PET study using 

radiolabelled water examined anticipatory anxiety in healthy participants randomised to 

conditions where they would either receive electric shocks or perform a motor task (Chua et 

al. 1999). The authors entered STAI scores as a covariate of interest with rCBF values and 

found a significant correlation between STAI scores and rCBF in the left insula, left 

orbitofrontal cortex, left inferior frontal gyrus, and left anterior cingulate. However, these 

correlations did not undergo cluster correction and it should be noted that alterations in 

rCBF would not necessarily correspond to 5HT1A receptor density, as examined in the 

current study.  

 

A previous study of anxiety in patients with ALS identified a relationship between bulbar 

symptoms and anxiety (Hogg et al. 1994); however in the current study there were no 

significant differences on the STAI-T between ALS patients  with bulbar signs 

(mean=25.60, s.d=7.8) and those without bulbar signs (mean=28.40, s.d=3.5). 
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Contrary to expectations, no significant correlations were identified between WAY100635 

binding and either ELQ or HADS scores. This may have been due to a relatively restricted 

range of scores on these measures due to inclusion/exclusion criteria for the parallel 

scanning project. One previous study (Murai et al. 2003) used a 5HT transporter 

radioligand, [
123

I]2β-carbomethoxy-3β-(4-iodophenyl)tropane ([
123

I]β-CIT), with SPECT in 

stroke patients with and without emotional lability and found significantly decreased uptake 

in the midbrain and pons amongst labile patients. Replication of these techniques in ALS 

patients with and without emotional lability might provide an avenue for future research. It 

is important to note that no correlations were identified between emotional lability and 

either depression or anxiety. Where endorsed, emotional lability should therefore reflect a 

pathological process rather than an increased tendency to cry due to low mood.  

 

It remains unclear why levels of depression in MND are considered to be low (see Chapter 

5) despite findings of decreased 5HT1A binding twice the magnitude of those found in 

clinical depression (Chua et al. 1999; Sargent et al. 2000; Turner et al. 2005b). This will be 

considered in combination with the results of Chapter 5 in the General Discussion (Chapter 

7). 

6.5 PET Imaging – Conclusion 

The current study used two PET ligands, flumazenil and WAY100635, to examine potential 

cerebral correlates of neuropsychological abnormalities in patients with ALS. On the basis 

of results consistent with previous findings in the literature, it would seem that flumazenil 

is a good candidate for future studies. In particular, it is hoped that future research will 

integrate neuropsychology, PET imaging, MRI co-registration, and neuropathology to 

further examine the underlying causes of cognitive change in ALS. Longitudinal studies in 

subgroups of ALS may shed further light on such processes, particularly with the inclusion 

of patients with MND-D or more rapidly progressive forms of the disease. In the current 

study, significant and robust correlations were found between decreased flumazenil binding 

in frontotemporal regions and poorer performance on a number of neuropsychological tests 

shown to reveal deficits amongst ALS patients in the cognitive study of this thesis (see 

Chapter 3) and also previous studies in the literature (see Section 2.1.4).  
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However, findings from the WAY100635 study do not tell such a clear cut story. Whether 

this is due to methodological limitations with the design of the study (small sample size, 

restricted range of mood scores, variability in mood over time) or problems inherent in the 

ligand (which might speculatively include uneven distribution of 5HT1A receptors or altered 

affinity for binding) is uncertain. Whilst the larger parallel study found significantly 

reduced WAY100635 binding both globally and locally in frontotemporal regions (Turner 

et al. 2005b), the implications remain unclear. The future use of this ligand in other 

neurodegenerative diseases and mood disorders might prove useful. 
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7 General Discussion 

The studies described in this thesis have expanded what is known about cognitive, 

behavioural, and emotional change in three subgroups of MND: The inherited form, 

Familial ALS (FALS); the ‘typical’ form without a family history, Sporadic ALS (SALS); 

and a rare form which affects only the lower motor neurone tract, Progressive Muscular 

Atrophy (PMA). Section 7.1 presents a brief summary of the findings from the current 

studies, Section 7.2 describes the implications of these findings for the presumed neural 

substrates of psychological change in MND, and Section 7.3 discusses the implications for 

theories relating to MND. Section 7.4 describes some limitations of the present research, 

whilst Section 7.5 recommends future avenues of research.  

7.1 Summary of findings  

7.1.1 Hypothesis 1: Cognitive Profile in Sporadic and Familial 

ALS 

It was hypothesized that a subgroup of Sporadic ALS patients would show cognitive 

deficits of a predominantly dysexecutive nature, and that Familial ALS patients would 

exhibit a more severe pattern of cognitive deficits than that found in Sporadic ALS patients. 

Deficits were predicted predominantly on tests of executive functions, with mild 

impairment on tests of memory, language, and the sparing of  visuospatial perception in 

both ALS patient subgroups. Relative to control participants, FALS patients were 

significantly impaired on two established tests of executive function, the Written Verbal 

Fluency Index and the Hayling Sentence Completion Test. However, significant findings 

on the latter test were confined to measures which failed to control for physical disability. 

Contrary to predictions, FALS patients were also impaired relative to controls on a test of 

visuospatial perception, the Judgement of Line Orientation test. By contrast, SALS patients 

were not significantly impaired on measures of executive function. However, SALS 

patients did demonstrate a deficit on a test of confrontation naming, the Graded Naming 

Test. This suggests that subclinical language deficits may be more commonplace than was 

previously thought.  Overall, these findings partially support Hypothesis 1.  
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7.1.2 Hypothesis 2: OFC Dysfunction in ALS  

Hypothesis 2 stated that in addition to a pattern of cognitive deficits as described in 

Hypothesis 1, ALS patients would also show impairments on tests sensitive to OFC 

function. However, on the basis of cognitive tests currently used to identify OFC 

dysfunction, it would appear that OFC function is spared in patients with FALS, SALS and 

PMA. This is not to say that this region is not affected in MND-D, but that within the 

broader spectrum of MND this needs to be investigated through future neuropathology and 

neuroimaging studies. The theoretical implications of these findings will be discussed in 

Section 7.3.2. 

7.1.3 Hypothesis 3: Behavioural Change in ALS 

In addition to neuropsychological evidence of cognitive change in patients with ALS, it was 

predicted that behavioural changes would also be detected. For reasons outlined in 

Hypothesis 1, it was predicted that patients with the Familial form of the disease would 

have more prominent behavioural symptoms than patients with the Sporadic form. Poor 

performance on neuropsychological measures of cognition were hypothesized to be 

correlated with behavioural manifestations as measured on subscales of Disinhibition, 

Apathy and Dysexecutive Function, on the FRSBE, as well as the DEX and SIML. 

Behavioural problems related to memory loss were not anticipated. 

 

FALS patients rated themselves as having higher levels of post-illness dysexecutive 

function relative to controls on the FRSBE. On average, FALS patients scored above the 

cut-off for clinical ‘caseness’ on the FRSBE following the onset of illness. FALS patients 

were more likely than SALS patients to be considered a ‘case’ on individual subscales 

including Apathy (57% vs. 31%), Disinhibition (21% vs. 15%), and Dysexecutive Function 

(29% vs. 15%), as well as on the Total Score (36% vs. 28%) after illness onset. However, 

FALS patients were not rated by their carers as showing any more evidence of behaviour 

changes indicative of dementia than SALS patients as assessed by a modified version of the 

MBQ. It is likely though, that the inclusion/exclusion criteria used would have precluded 

the recruitment of patients with a full dementia syndrome. There was no significant effect 

of Group on the DEX or SIML, suggesting that the DEX may not be a sensitive measure 

for mild executive dysfunction and that minor slips and lapses do not occur in ALS. 



 271 

Composite scores of neuropsychological function were constructed and significant 

correlations were identified with subscales of the FRSBE. A composite score of executive 

dysfunction was correlated with both the Dysexecutive and Total subscales. A composite 

score of memory was correlated with the Disinhibition, Dysexecutive, and Total subscales, 

whilst a composite score of language was correlated with the Apathy, Dysexecutive, and 

Total subscales.  

 

Behaviour change was evident in both groups using the MBQ; some items suggestive of 

FTD endorsed by carers of SALS and FALS, but the profile was not consistent with either 

the disinhibited or apathetic forms of FTD. The implications for these findings on theories 

of behavioural change are discussed in Section 7.3.3. 

7.1.4 Hypothesis 4: [
11

C] Flumazenil PET as Marker of Cerebral 

Dysfunction 

On the basis of previous findings suggesting that flumazenil can accurately quantify regions 

of neuronal loss in extra-motor regions in patients with ALS, it was predicted that impaired 

performance on neuropsychological test scores would be correlated with regions of 

decreased flumazenil binding. A parallel imaging study using the PET ligand [
11

C]-

flumazenil found reductions in ligand binding throughout motor and extra-motor regions in 

patients with SALS (Turner et al. 2005a). Furthermore, the authors found a distinct pattern 

of decreased ligand binding amongst ALS patients with a known SOD1 mutation, D90A. 

Amongst a small combined group of SALS and FALS patients, a significant correlation 

was found between performance on a test of verbal fluency (the Wvfi), and binding in the 

right inferior frontal gyrus. Poorer performance was associated with decreased binding. 

Performance on a test of confrontation naming, the Graded Naming Test, was correlated 

with binding in a region including the left inferior frontal gyrus and Broca’s area, with 

poorer performance associated with decreased binding. Performance on a test of 

visuospatial perception, the Judgement of Line Orientation, was correlated with binding in 

the right superior temporal gyrus, with poorer performance being associated with decreased 

binding. Decreased [
11

C]-flumazenil is thought to reflect neuronal loss, suggesting that the 

cognitive deficits identified amongst SALS and FALS patients in the cognitive study may 
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be as a result of neuronal loss in the frontal and temporal lobes. The theoretical implications 

of these findings will be discussed in Section 7.2.1. 

7.1.5 Hypothesis 5: [
11

C]WAY100635 PET as Marker of 

Emotional Change 

Due to the association between 5HT and mood disorders such as anxiety or depression 

(Ressler and Nemeroff 2000; Deakin 1991), and previous findings of reduced 5HT1A 

binding in major depression of around 12% (Sargent et al. 2000),  it was predicted that 

reduced regional volumes of WAY100635 binding would be associated with higher scores 

on measures related to emotion and mood including depression and anxiety.  

 

Given the apparent efficacy of SSRI’s in the treatment of emotional lability, a correlation 

was anticipated between decreased WAY binding and higher levels of lability. Due to a 

lack of previous research, no specific regions were predicted to be involved. In addition to 

[
11

C]-flumazenil, the parallel neuroimaging study used another ligand, WAY100635, which 

binds to 5HT1A receptors. Turner et al (2005b) found that relative to control participants, 

ALS patients had reductions in WAY100635 binding of between 15-29%. The current 

study was designed to identify emotional correlates of decreased WAY100635 binding 

amongst a subset of these ALS patients. Although a correlation was found between Trait 

Anxiety and WAY binding in the white matter underlying the right precentral gyrus, with 

increased levels of anxiety correlated with decreased binding, there were no significant 

correlations between WAY binding and score on either the HADS or the ELQ.  

 

A summary of the hypotheses tested in this thesis are presented in Table 7.1. 

7.1.6 Exploratory Study 1: Emotional Lability in ALS 

It was anticipated that levels of emotional lability would be correlated with impaired 

performance on neuropsychological tests of executive dysfunction. Emotional lability was 

found to be higher amongst SALS, but not FALS patients, relative to controls. Contrary to 

expectations,  the direction of the relationship between executive function and emotional 

lability was negative. There was also a positive correlation between emotional lability and 

language function.  
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This is more likely an artefact of amalgamating findings from the SALS and FALS group; 

SALS patients had higher levels of emotional lability and language dysfunction whilst 

FALS patients had lower levels of emotional lability but higher levels of executive 

dysfunction.  

7.1.7 Exploratory Study 2: SOD1 Predicts Cognitive 

Vulnerability in Familial ALS 

One recent neuroimaging study found a distinct profile of neuronal loss amongst patients 

with a specific SOD1 mutation, D90A (Turner et al. 2005a). Potential differences in 

cognitive, behavioural, and emotional function between patients with a SOD1 mutation and 

without a SOD1 mutation were explored. Within the FALS group there was some evidence 

to suggest that FALS patients without a SOD1 mutation accounted for the cognitive and 

behavioural abnormalities identified in this study; the cognitive functions of patients with a 

SOD1 mutation appeared to remain intact. However, due the small samples of patients in 

each group, these findings were only non-significant trends. The theoretical implications of 

these findings will be discussed in Section 7.3.6. 
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Table 7.1 Summary of Hypotheses and Findings 

Hypothesis Prediction Findings 

One  

(Section 

3.2.1) 

Cognitive deficits of a predominantly 

dysexecutive nature amongst SALS 

patients, more severe in FALS 

patients. Possible mild impairment on 

tests of memory, language, and no 

deficit on visuospatial perception in 

either ALS subgroup. 

FALS (but not SALS) impaired on tests of 

executive function (Thurstone’s Verbal 

Fluency Test, Hayling Sentence Completion 

Test) and visuospatial perception (Judgement 

of Line Orientation). However, SALS patients 

impaired on Graded Naming Test. Memory 

intact in both groups. 

Two  

(Section 

3.2.2.) 

ALS patients will show deficits on 

tasks of OFC function. FALS patients 

will be more impaired than SALS. 

No deficits found on tasks of OFC function in 

either SALS or FALS patients relative to 

controls. 

Three  

(Section 

3.3.3) 

In addition to cognitive deficits, 

behavioural changes will be evident 

amongst ALS patients. FALS patients 

will show more behavioural change 

than SALS patients. 

FALS patients have higher levels of 

behavioural changes than control participants. 

SALS patients did not differ from controls. 

Behavioural measures of Apathy and 

Dysexecutive Function correlated with tests of 

executive function. Some items suggestive of 

FTD endorsed by carers of SALS and FALS on 

Manchester Behavioural Questionnaire, but 

inconsistent with FTD-D or FTD-A. 

Four  

(Section 

6.3.2) 

Flumazenil binding will correlate with 

neuropsychological test scores in 

frontotemporal cerebral regions. 

Poorer performance on Verbal Fluency Index 

correlated with decreased FMZ binding in right 

inferior frontal gyrus. Poorer performance on 

Graded Naming Test correlated with decreased 

FMZ binding in left inferior frontal gyrus. 

Poorer performance on JLO correlated with 

decreased FMZ binding in right superior 

temporal gyrus. 

Five  

(Section 

6.4.2.) 

WAY100635 binding will correlate 

with scores of emotional change 

Trait Anxiety on STAI correlated with 

decreased WAY binding in white matter 

underlying right precentral gyrus. 
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7.1.8 Exploratory Study 3: Cognitive Profile in PMA 

The probable restriction of pathological changes to the LMNs in PMA and normal findings 

from neuroimaging studies suggested that if cognitive change were to occur at all in PMA, 

it would be milder than that found in ALS. This study explored the differences, if any, 

between patients with PMA and a matched group of healthy control participants. Patients 

with PMA were not significantly different from control participants on cognitive tests, 

behavioural measures, or measures of emotional change. Whilst there were non-significant 

indications of mild behavioural changes there was a complete lack of executive dysfunction 

or group differences on mean emotional lability in patients with PMA. There was, however, 

a significantly higher likelihood that a patient with PMA could be considered as a ‘case’ for 

emotional lability, dependent mostly on an increased tendency to cry. The implications of 

these findings are discussed in Section 7.2.2.  

7.1.9 Exploratory Study 4: The Prevalence of Depression and 

Anxiety in MND 

The estimated prevalence rates of depression and anxiety from previous studies of ALS 

patients have varied considerably. This may be due, in part, to variation in the 

methodologies employed. Two experiments were designed to 1.) investigate the prevalence 

of anxiety and depression symptoms in a large, consecutive sample of patients with MND 

as reported by multiple self-report questionnaires and 2.) compare the estimated prevalence 

rates of anxiety and depression symptoms obtained by participants using self-report 

questionnaires as opposed to undergoing a structured clinical interview. 

 

A postal questionnaire survey found that 14-22% of MND patients could be considered to 

be moderately-severely depressed, and 10-19% as highly anxious, depending on the 

measure and cut-off values employed. Comparison of scores from self-rated questionnaires 

and a semi-structured clinical interview found an acceptable level of agreement. However, 

instruments which rely on physical symptoms of depression (such as the BDI) may over-

estimate the prevalence of depression and anxiety in MND due to physical symptoms 

caused by the disease process itself. This is discussed in Section 7.3.5. 
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7.2 Neural Substrates of Cognitive Change in ALS 

7.2.1 Extra-Motor Pathology 

As was outlined in Chapter 2, several regions of extra-motor change have been implicated 

as being involved in ALS through findings of neuropsychological deficits, neuroimaging 

abnormalities, and neuropathological change. Evidence from Chapter 3 suggests that a 

subgroup of FALS patients were impaired on two tests of executive function, the Wvfi and 

Hayling Sentence Completion Test. Contrary to expectations, SALS patients were not 

found to perform significantly worse on these tests compared to control participants.  

 

As discussed in Section 3.5.1.1, this may have been caused by a relatively restricted 

selection criteria for SALS patients resulting in a low proportion of patients with 

pseudobulbar palsy who are more likely to exhibit cognitive dysfunction (Abrahams et al. 

1997). As detailed in Section 3.3.6.2, performance on the Wvfi has been associated with 

increased activation in the left DLPFC, left inferior frontal gyrus, and anterior cingulate in 

an fMRI study (Abrahams et al. 2003). In the current study, [
11

C]-flumazenil PET revealed 

a correlation between Wvfi performance and binding in the right inferior frontal gyrus, with 

poorer performance associated with decreased binding. A correlation with binding in a 

region of the right hemisphere may be surprising given that language functions are 

normally lateralised to the left hemisphere, but as discussed in Section 6.3.5.1, reduction of 

the p significance value revealed bilateral correlations, although the correlation in the left 

inferior frontal gyrus did not survive cluster correction. Overall, the current study suggests 

that FALS patients are more likely than SALS patients to have a deficit on this test despite 

controlling for motor speed, and which appears to be associated with the degree of 

suspected neuronal loss (Maekawa et al. 2004) in the inferior frontal gyrus.  

 

The Hayling Sentence Completion Test has also been associated with increased activation 

in the left inferior frontal gyrus as well as the left middle frontal gyrus, left superior 

temporal gyrus, and right anterior cingulate in activation studies using fMRI (see Section 

3.3.6.5). In the current study, [
11

C]-flumazenil PET failed to identify significant 

correlations between performance on the Hayling Test and decreased flumazenil binding.  
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However, the only significant deficits identified on the Hayling were on outcome measures 

of reaction time which failed to control for motor disability. There was only a trend 

approaching significance for an outcome measure which controlled for motor speed, 

‘Latency’. The use of a larger sample in the PET study with a greater range of test scores 

may have identified significant correlations on this test.  

 

In addition to these measures of executive function, a subset of ALS patients was found to 

be significantly impaired on the Graded Naming Test, a test of confrontation naming. The 

GNT was designed to aid in the identification of patients with aphasia, a frequent 

complication associated with neurological insult to the left inferior frontal gyrus 

(Winhuisen et al. 2005). In a recent fMRI study, poorer performance amongst ALS patients 

was associated with decreased activation of the left inferior frontal gyrus and right anterior 

cingulate (Abrahams et al. 2004a). In the current study, [
11

C]-flumazenil PET confirmed 

this finding by correlating performance on the GNT with binding in the left inferior frontal 

gyrus. Poorer test performance was associated with decreased binding, suggestive of 

neuronal loss in this region. The implications of this finding for theories relating to MND-

Aphasia will be considered in Section 7.3.4. 

 

An unanticipated finding in the current study was that FALS patients demonstrated 

significant deficits on the JLO, a test of visuospatial perception. [
11

C]-flumazenil PET with 

a different subset of ALS patients found a correlation between JLO test performance and 

binding in the right superior temporal gyrus, with poorer test scores associated with 

decreased binding. The current neuropsychological evidence would suggest that such 

pathology might be restricted to, or predominate in, patients with FALS.  
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This result may have been generated by increased behavioural apathy or executive 

dysfunction identified in the FALS group, however in that case one might also expect a 

relative deficit in the group’s performance on other tests, such as Raven’s Standard 

Progressive Matrices, a longer and more difficult test presented at the end of the test 

battery.  

 

There has been a dearth of neuropathological research comparing the brains of patients with 

FALS and SALS. The only differences that have been identified so far suggest that FALS 

patients have additional involvement of the sensorimotor Clarke’s columns in the spinal 

cord (Hudson 1981). One clinical study found evidence of sensory involvement amongst 

30% of FALS patients with a SOD1 mutation, though this was restricted to touch and 

vibration rather than vision (Andersen et al. 1997). Patients with FALS may have a more 

extensive range of extra-motor pathology than previously thought, though this is an area 

requiring further study (see Section 7.5.7). 

7.2.2 UMN involvement in ALS 

The findings in the current study suggested that patients confirmed as having PMA did not 

have a significantly different profile of cognitive, behavioural, or emotional change relative 

to healthy control participants. From a clinical perspective this finding is of limited use due 

to the rarity of PMA, except to provide reassurance that patients with this subtype of MND 

are unlikely to experience cognitive change. From a scientific point of view, PMA provides 

a natural experiment in identifying sites of degeneration responsible for cognitive change, 

and stands in contrast to the syndrome of PLS, which affects only the UMNs. So far there 

have been few studies examining cognitive function in PLS, but on the basis of the current 

findings it would be predicted that they would be at least as impaired as SALS patients.  

 

Patients with PMA are spared degeneration of the UMN tract, which in isolation is not 

thought to modulate cognitive function. However, it may be that cognitive change results 

from a cortico-cortical pathway of degeneration stemming from the motor cortex. Although 

the exact causal pathways remain an ongoing area of research, damage may spread to 

adjacent regions by impaired axonal transport, neurofilament clumping, protein 

aggregation, mitochondrial damage, glutamate transporter dysfunction, excitotoxicity, or 

misfolded proteins (Shaw 2005). 
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A lack of UMN involvement may also be responsible for the intact cognitive function of 

FALS patients with a SOD1 mutation. Previous authors have noticed the relative lack of 

spasticity as a symptom amongst FALS patients with a SOD1 mutation, which may 

indicate their relative lack of UMN burden (Andersen et al. 1997). Therefore it might not 

be the presence or absence of a SOD1 mutation per se that is important, but the relative 

ratio and severity of UMN pathology. There are implications for this finding in the 

development of future hypotheses, which will be discussed in Section 7.5.5.  

7.3 Impact of the Current Studies’ Findings on Cognitive 

Theories of MND 

7.3.1 The Continuum of Cognitive Change in MND 

One of the underlying themes of this thesis was to investigate the proposal that there was a 

continuum of cognitive change in MND with normal functioning at one extreme, MND-D 

at the other, and a variable degree of mild cognitive change in between (see Sections 2.4.5. 

and Section 2.5). Whilst it is true that in the current study three subgroups of MND patients 

were delineated by severity of cognitive deficits (FALS>SALS>PMA), the 

neuropsychological evidence does not reveal the same pattern of impairment consistently 

across the three groups. Table 7.2 shows that there was no overlap between the pattern of 

significant deficits found in SALS and FALS patients. FALS patients were impaired 

relative to controls on neuropsychological tests of executive function (primarily on the 

Wvfi), and visuospatial perception, and also showed behavioural evidence of dysexecutive 

function and some items from the MBQ associated with FTD. SALS patients were 

impaired relative to controls on a test of language and had higher levels of emotional 

lability, as well as some items suggestive of FTD on the MBQ. Both SALS and FALS 

patients had a similar frequency of symptoms on the MBQ. Furthermore, the pattern of 

items endorsed did not conform to either that of FTD-A or FTD-D, and as noted previously, 

the endorsement of some items might be explained by physical sequelae of the disease 

process rather than purely behavioural abnormalities. Behavioural change is considered in 

more detail in Section 7.3.3. 
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Table 7.2: Summary of Neuropsychological findings in MND subgroups 

 Familial ALS Sporadic ALS PMA 

Executive 

Functions 

+ - - 

Language - + - 

Memory - - - 

Visuospatial 

Perception 

+ - - 

Self—Rated 

Behavioural 

Change 

+ - - 

Emotional 

Lability 

- + - 

- : No different from controls, + : Deficit relative to controls,     

nb: ‘Self-Rated Behavioural Change’ does not include findings from the MBQ 

 

In the event of a simple linear relationship it would be expected that FALS patients would 

also have evidence of language deficits and emotional lability. Furthermore there is some 

evidence that even within the FALS subgroup there is further dissociation. Whilst patients 

without a SOD1 mutation were more likely to show impaired performance on tests of 

executive function, it was patients with a SOD1 mutation who had higher levels of 

behavioural change and emotional lability, although due to the small numbers recruited this 

finding was non-significant. Nevertheless, this strongly suggests that cognitive, 

behavioural, and emotional change in ALS may have a heterogeneous distribution. 

Therefore there must be consideration not only of the severity but also of the specific nature 

of cognitive change in subgroups of MND. 

 

The findings described in the current thesis establish that there is heterogeneity within 

subgroups of patients with MND. Previous studies of cognitive or behavioural change in 

MND may have found heterogeneous results in part due to the use of samples including 

patients with SALS, FALS, PMA, and PLS. Furthermore, there may be heterogeneity 

within groups, such as was identified in FALS patients with and without a SOD1 mutation, 

or as suggested in Section 7.2.2, may be the case for patients with more or less severe UMN 

pathology. 
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7.3.2 OFC Dysfunction in MND 

If MND-D involves the early degeneration of the OFC (Neary et al. 2000), then it might be 

more useful to consider MND-D and ALS with mild cognitive change as two discrete 

entities rather than as points on the same continuum of disease pathology. The former 

might be characterized initially by OFC involvement leading to personality changes and 

disinhibition, before progressing rapidly into a motor syndrome and eventually a more 

dysexecutive, apathetic state before death. The latter is characterized either by preceding or 

simultaneous motor symptoms and subtle cognitive changes of a dysexecutive nature 

caused in particular by more dorsolateral prefrontal involvement with limited personality 

change.  

 

In ALS with mild cognitive change, cognitive deterioration is slow or perhaps even static 

(Abrahams et al. 2005b; Strong et al. 1999), and survival is most likely similar to that of the 

typical MND population. This suggests different patterns of pathological involvement, and 

does not provide direct evidence on any shared mechanism underlying the two diseases. 

 

However, were it not the case that the OFC is affected in MND-D then the concept of a 

pathological continuum underlying cognitive change might be easier to support.  

Whilst degeneration of the OFC has been implicated in FTD (Rosen et al. 2002; Rankin et 

al. 2004a; Grimmer et al. 2004b; Varrone et al. 2002; Snowden et al. 1996), evidence for its 

involvement in MND-D has been limited to SPECT (Talbot et al. 1995) and has not been 

replicated either by neuroimaging (see Section 2.1.1) or neuropathological studies (see 

Section 3.5.2), although in neither field have OFC changes been sought after specifically.  

 

Instead, a pattern of more marked impairment throughout the inferior frontal, middle 

frontal, and superior frontal gyri appears to be present, in a similar but more severe 

distribution than is found in ALS with cognitive change (Chang et al. 2005c). The initial 

suggestion of the OFC as the primary site of degeneration may have been prompted by the 

behavioural similarities between disinhibited behaviour in FTD and MND-D. On the basis 

of the currently available evidence it is not possible to state with certainty that the OFC is 

ever affected in MND. Further research is needed in this area, particularly from multimodal 

studies, which will be discussed in Section 7.5.7.  
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7.3.3 Behavioural Change in MND 

The identification of deficits on tests of neuropsychological function have little relevance to 

patients if not directly related to everyday behaviour. The current study used a self-rated 

measure, the FRSBE, to record the levels of behavioural abnormalities recalled 

retrospectively before the onset of symptoms, as opposed to at the time of testing. On the 

questionnaire’s subscales for Apathy, Dysexecutive Function, and Total Score, SALS 

patients were no different from controls. However, on the disinhibition subscale, FALS 

patients had significantly higher scores before the onset of illness, but not post-illness. 

Following the onset of illness, FALS patients rated themselves as having significantly 

higher scores than control participants on the Dysexecutive Function subscale, indicating 

difficulties such as the ability to multitask, and the Apathy subscale, indicating difficulties 

such as initiating activity. Following the onset of symptoms, nearly twice as many FALS 

patients (57%) were considered a ‘case’ for Apathy as opposed to 31% of SALS patients or 

17% of control participants. In all participants, Apathy was correlated with HADS 

Depression scores, but as detailed in Section 3.4.1.2, HADS D scores were only elevated in 

SALS patients, but not FALS patients, relative to control participants. Therefore whilst 

mood may play a role, it does not account for the magnitude of this difference. 

 

In the absence of truly longitudinal behavioural data it is difficult to interpret these 

findings. It is unclear why there might be a higher level of behavioural disinhibition 

amongst FALS patients before the onset of illness but not afterwards. Normally, it would 

be predicted that an early presentation of a symptom would make it likely to be more severe 

relative to those with a later presentation. However, high scores on the Apathy subscale 

may indicate a change in the behavioural profile of FALS patients from one of disinhibition 

to apathy, reflective either of underlying pathology or psychological adjustment to the 

disease. In the case of an underlying pathology, one might predict a pattern of OFC 

involvement associated with behavioural disinhibition (Snowden et al. 1996; Stout et al. 

2003) progressing to anterior cingulate involvement associated with behavioural apathy 

(Migneco et al. 2001).  
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From the psychological perspective, it is important to note that unlike SALS patients, 

FALS patients have often cared for someone with MND and are in little doubt as to what 

the disease can involve in its later stages. It is possible that this knowledge in itself has an 

effect on the motivation of the individual with FALS and may account for their apparently 

higher levels of disinhibition before illness and apathy following the onset. 

 

The current study also used a modified version of the MBQ, designed to distinguish 

different forms of dementia, and shown to be effective in differentiating further subgroups 

of FTD. In contrast to neuropsychological tests and behavioural differences identified by 

the FRSBE, and expectations that patients with FALS would show more resemblance to 

patients with FTD or MND-D, there were no significant differences identified between 

patients with SALS or FALS. Contrary to expectations that ALS patients would resemble 

the disinhibited form of FTD, patients’ carers endorsed a comparable number of items 

suggestive of the apathetic form of FTD. Disinhibited, stereotyped, and compulsive 

behaviour was notably absent, whilst changes in social function and dietary habits were 

observed more frequently. It may be that there is a heterogeneous distribution of 

behavioural abnormalities in ALS with little or no cognitive change, and a more distinct 

pattern of disinhibition amongst patients with MND-D. Alternatively there may have been 

methodological difficulties inherent in the measure itself.  

 

For example, Section 3.5.3.3 describes the tendency of some carers to under-report 

symptoms, failing to endorse items that patients endorsed themselves on self-rated 

measures. This was true even for relatively quantifiable outcomes such as episodes of 

emotional lability. In addition, the MBQ uses a binary system of scoring and asks only 

about “changes that have happened since the onset of illness”. By contrast, the FRSBE asks 

carers (and patients) to rate each item before and after symptom onset on a 5-point Likert 

scale. Finally, it may be that the items used in the MBQ are too severe to be endorsed in 

cases of ALS with only milder cognitive change.  

 

In addition to the FRSBE and MBQ, two other behavioural questionnaires, the SIML and 

DEX, failed to find any significant differences between ALS patients and control 

participants.  
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In the case of the SIML the lack of a deficit in patient groups suggests that memory 

impairments and minor lapses are not a frequent occurrence in ALS. The DEX is a 

behavioural measure of executive dysfunction, but unlike findings presented for the 

FRSBE, no significant differences were found for either the self- or carer-rated version of 

the instrument. This may reflect a lower degree of validity in the DEX, and in combination 

with the lack of cut-off scores or normative data, its further use in MND does not appear 

warranted. 

 

The current study found that neuropsychological test scores of executive function, language 

function, and memory were correlated with a measure of daily behaviour, the FRSBE. 

Therefore these neuropsychological tools may be helpful clinically, for example in 

decisions surrounding a patients’ care or end-of-life decisions. As a behavioural 

questionnaire, the self-rated FRSBE appears to be the most useful instrument of those 

included in the current study. Its use of pre- vs. post-illness symptoms provides a context 

for any significant changes and the use of three subscales helps to describe in more detail 

the nature of any problems experienced. Future research in the clinic might seek to use this 

instrument to further clarify the relationship between ALS and MND-D. 

7.3.4 MND-Aphasia 

In the current study, SALS patients were shown to have a significant deficit relative to 

controls on performance of the Graded Naming Test, a measure of confrontation naming 

sensitive to the presence of aphasia. As discussed in Section 2.1.5.1, ALS can very 

occasionally present with aphasia, and as with other forms of cognitive change it has been 

suggested that this may form a continuum of language dysfunction (Bak and Hodges 2001). 

In contrast to findings on tests of executive function, however, performance on the GNT 

was not impaired amongst FALS patients, suggesting the involvement of different neural 

substrates. This was somewhat unusual in that the majority of MND-Aphasia cases reported 

in the literature also suffered from behavioural changes typical of MND-D. However, none 

of these were familial cases. There may be a further dissociation between the two 

conditions that should be investigated further in future studies.  
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The current study confirms the findings of (Rakowicz and Hodges 1998) who found that 

deficits on tests of language function may be more common in the ALS population than 

previously thought, although these may be masked by the presence of dysarthria, and the 

variable pattern of previous findings on tests of confrontation naming (see Section 2.1.5) 

suggest that here too, there may be a degree of heterogeneity. Whilst MND-D and 

executive dysfunction are gaining increasing recognition both clinically and in the research 

literature, there are significant implications for language disorders in the provision of 

services such as Speech and Language Therapy or assistive communications devices. As 

discussed in Section 3.5.10, the use of the GNT in a clinical setting, in combination with a 

measure of IQ, might be useful in identifying patients at risk for developing a more severe 

language disorder in the future.  

7.3.5 Depression in MND 

Two separate but related studies were used to estimate the prevalence of depression and 

anxiety in the MND population and assess the suitability of a number of mood measures. 

Whilst the individual studies’ findings were discussed in detail in Sections 5.3.2 and 5.3.3, 

in the current section the ramifications of these findings will be considered in the context of 

other results from this thesis. Whilst the current study reported one of the higher estimates 

of depression prevalence in the literature (See Chapter 5), a prevalence rate of only 5% for 

severe depression appears to be surprisingly low given the terminal and relentlessly 

progressive nature of the illness. Patients with milder neurological illnesses exhibit a higher 

prevalence of severe depression, such as a diagnosis of major depression in 37-54% of 

patients with Multiple Sclerosis (Patten et al. 2003) and major depression in 17% of 

patients with epilepsy (Jones et al. 2005). Whilst the low prevalence of depression has been 

attributed variously to the personality type of people who develop MND (Brown et al. 

1970), or to adaptive ways of coping with their illness (Rabkin et al. 2000), few authors 

have considered that the absence of depression in response to such a devastating diagnosis 

may in fact be pathological in its own right.  
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For example, whilst it has been established that cognitive deficits may exist in up to 50% of 

patients with ALS (Lomen-Hoerth et al. 2003; Ringholz et al. 2005), the effect that these 

deficits might have on a patient’s ability to fully comprehend the magnitude of their 

situation has not been investigated. There is also evidence that patients with ALS 

demonstrate abnormalities of emotional processing such as a lack of enhanced memory for 

recall of emotional words (Papps et al. 2005), and a decreased response to emotionally 

valent words (Lule et al. 2005).  Although non-significant statistically, inspection of the 

means from Table 6.9 indicate that patients with PMA have slightly higher levels of 

depression and anxiety than both SALS and FALS patients, despite having a more benign 

diagnosis and similar levels of disability. The only other difference between these groups 

was an absence of cognitive change in patients with PMA. Although speculative, if there is 

a protective effect against depression in ALS it may also be a consequence of UMN 

degeneration, absent in patients with PMA.  

  

Whilst the psychological processes of denial and ‘response shift’ have been explored as 

coping mechanisms in patients with ALS (Moore et al. 1998; Goldstein et al. 1998; Hogg et 

al. 1994), no systematic investigation has sought to evaluate patients’ ability to accurately 

predict future outcome. Patients with ALS have a reputation of possessing “heroic stoicism 

with a low frequency of depression” (Moore et al. 1998). It may be that what has 

historically been interpreted as denial actually reflects a loss of insight. However, this 

hypothesis has not been supported by the observation in the current study that if anything it 

is carers who are under-reporting when asked difficult questions about their partners (see 

Section 3.5.3.3).  

 

In addition to psychological explanations for the low prevalence of depression in ALS, 

there may also be an underlying pathological explanation. The PET ligand WAY100635 

binds to 5HT1A receptors, which are thought to be important in depression (see Section 

6.4). For example, a PET study of patients with major depression found a widespread 

decrease in WAY100635 binding of 27% in the hippocampus and 42% in the raphe nuclei 

(Drevets et al. 1999). The authors also reported a number of post-mortem studies of suicide 

victims which identified significant decreases in 5HT1A receptors. As reported in Section 

6.4.1, a PET imaging study of patients with ALS found a 16-29% decrease in cerebral 

binding of the ligand WAY100635 (Turner et al. 2005b). 
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Despite this apparently marked decreased in 5HT1A receptors, no patients in that sample 

were considered to be depressed, and as a population, patients with MND appear to have a 

relatively low prevalence of depression generally. In the current study, only  a single 

correlation was found between STAI anxiety and decreased WAY binding in the precentral 

gyrus. In Parkinson’s Disease, an upregulation of postsynaptic 5HT1A receptors has been 

identified in orbitofrontal and temporal regions, possibly in response to a primary 5HT 

deficit (Chen et al. 1998). In ALS, neurochemical changes in receptor binding affinity or 

receptor distribution could alter or even amplify the effects of circulating 5HT, providing a 

degree of protection against depression. However, to date no quantitative neuropathological 

studies have examined this question in ALS.  

7.3.6 Dissociation  between FALS patients with and without a 

SOD1 mutation 

A potentially important finding from the current study was the dissociation between FALS 

patients with and without a SOD1 mutation. Although the sample size was too small to 

generate statistically significant findings, a power analysis indicated that there were notable 

effect sizes for performance on the WCST, Wvfi, Hayling Test, MBQ, and ELQ. It is 

unclear whether this is a unique property of patients with a SOD1 mutation benefiting from 

some degree of neuroprotection from the SOD1 protein itself, or whether their genotype 

provides them with a different pattern of cortical vulnerability. It may also be that due to a 

selected sample of FALS with a SOD1 mutation, only those with the less aggressive form 

of ALS were studied. It may be that the more aggressive and widespread A4V mutation 

does involve cognitive change, though this has not been studied (Hand and Rouleau 2002). 

As discussed in Section 7.2.2, there is some evidence to suggest that patients with a SOD1 

mutation have a lesser degree of spasticity than SALS patients which may reflect UMN 

involvement (Andersen et al. 1997). However, patients with MND-D have also been 

described as less likely to have limb spasticity despite the presence of other UMN signs 

such as brisk reflexes (Snowden et al. 1996). 
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7.4 Limitations of the Current Study  

The work reported in this thesis suffered from a number of limitations. The primary 

difficulty was with recruitment of the two rare patient groups, FALS and PMA. An 

increased number of patients might have lead to identification of more significant and 

robust findings, as well as permitting additional post-hoc analyses. Although recruitment 

was expanded through identification of patients from five other MND Care & Research 

Centres, delays in obtaining multi-centre ethical approval postponed data collection by 

seven months, during which time many potential participants had died. Furthermore 

suitable patients were then only identified from two of the five centres eligible to refer 

patients for study. Future research should always seek to collaborate with other centres 

from the outset in order to maximize recruitment within a given timeframe, and MND Care 

& Research Centres should be encouraged to communicate their research needs to one 

another in order to accelerate research.  

 

Another difficulty in recruitment related to the participation of patients who had undergone 

PET scanning as part of the parallel neuroimaging study. Only 50% of those that had 

undergone PET scanning also underwent neuropsychological testing. This was due in part 

to the two projects having an overlapping but staggered period of recruitment, during which 

some patients became too unwell to participate. A similar problem was found in attempting 

to recruit control participants who had undergone PET scanning. Only four control 

participants who had undergone PET scanning were willing to undergo neuropsychological 

testing. This may have been for a number of reasons, such as the relatively low amount of 

financial compensation on offer (£15) or, more likely, the inconvenience of a long test 

session. In some cases, potential control participants were spouses of ALS patients and had 

recently been bereaved. Future research might attempt to synchronise recruitment across 

multiple projects so that data collection can occur within a similar timespan. The 

consequence to the current study was that in at least two cases there was a significant time 

delay between PET imaging and neuropsychological testing. Although longitudinal studies 

have shown little cognitive deterioration over time periods of 6-12m, it remains 

methodologically suboptimal.  
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From an ethical point of view it could be suggested that multiple requests for research from 

MND participants might be considered intrusive. In the author’s experience, patients with 

MND are very willing to take part in research projects which they perceive may be of  

benefit to themselves, their at-risk family members, or other patients in the future. When 

asked, many report frustration that they are not asked to participate in more studies. 

 

The length of the neuropsychological test battery used in the current study was long (~4.5 

hours), and may have dissuaded some patients from participating. As discussed in Section 

3.9.5.2, it is not possible to discount fatigue effects in the current study, although they do 

not appear to be present so far as can be discerned. For example, there was no significant 

difference between control participants and any patient group on performance of Raven’s 

Standard Progressive Matrices, the final and arguably the most difficult test in the battery.  

 

The inclusion/exclusion criteria listed in Section 3.3.2.3 were exhaustive in excluding other 

potential factors in cognitive change such as stroke, diabetes, hypertension, or psychiatric 

illness, but may have restricted the generalisability of the current findings. Up to 30% of 

patients with ALS may suffer from other medical conditions (Leigh et al. 2003), but these 

were purposefully excluded in the current study, meaning that the data collected was not 

suitable for estimating a true prevalence rate.  

 

The intentional exclusion of patients with dementia meant that proposed links between 

MND-D and ALS with cognitive change remain inductive and theoretical rather than 

supported by an evidence base. Whilst it seems unlikely that a patient with MND-D would 

be able to complete the entire test battery, an abridged test battery could have been 

employed for comparability where possible. A number of hardware and software faults 

caused intermittant data loss, as evidenced by missing data on a number of measures. The 

use of older computer equipment contributed to these problems, and future research will 

benefit from technological improvements to the stability of newer operating platforms and 

‘plug and play’ USB functionality of external controllers. 
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7.5 Future research 

7.5.1 Estimates of Prevalence of Cognitive Change in MND 

Despite increased interest in the proposed continuum of cognitive change in MND, it 

remains a theoretical construct without consensus. In order to overcome some of the 

limitations listed in Section 7.4 and those present in the literature, future studies might 

include a consecutive sample including those with MND-D and use a shorter 

neuropsychological test battery in order to provide more accurate prevalence rates. 

 

Whilst it is important to select a sample as homogeneous as is practical, the current study 

has also highlighted the importance of recruiting samples with sufficient power to allow 

post-hoc between group analyses to be undertaken. As well as increasing the sample size, 

findings from such a study might be more widely generalised to a clinical MND population. 

Detailed medical histories and clinical information could be obtained in order to identify 

potential factors in cognitive performance such as depression, respiratory weakness, 

daytime somnolence, or co-existing medical conditions, which were excluded in the current 

study. The increased prevalence of cognitive change identified by larger studies may be due 

in part to failure to account for these factors. If the battery were short enough it might be 

possible for it to be administered in the MND Clinic. At minimum this might consist of the 

Wvfi, GNT, and administration of the NART to control for IQ. With more time available it 

would be preferably to incorporate the FRSBE to learn how any cognitive deficits impact 

on daily behaviour. However, this would involve a substantial reorganization of the clinic’s 

structure in order to incorporate research. At present, research is something that happens 

outside the clinic, with recruitment from a separate group of researchers, often many 

months since they have last visited King’s. A shorter battery might also be more 

appropriate for completion by patients in a more advanced state of disease than those 

included in the current study, and patients with MND-D.  

 

The inclusion of patients with MND-D would allow description of the boundaries between 

mild cognitive change of a dysexecutive nature, and personality changes of a type 

consistent with FTD. 
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Consideration should be given to the point at which cognitive and behavioural change in 

ALS can be considered to be ‘dementia’ on the basis of neuropsychological tests and 

behavioural measures or interview. For example, establishing a cut-off for dementia as poor 

performance on greater than any two (Lomen-Hoerth et al. 2003) or three 

neuropsychological tests (Ringholz et al. 2005) may obscure the specific pattern of deficits 

for the sake of nosological convenience. Cognitive tests not reliant on reaction time or 

physical status should be carried out longitudinally in patients with mild cognitive change 

and MND-D to see if there is a temporal overlap within individuals, i.e. if mild cognitive 

change is a precursor of MND-D, or if they are two separate conditions.  

7.5.2 Measuring Cognitive Impairment in ALS 

Whilst the measures used in the current study were based on review of the literature and 

previous studies of ALS, superior measures may be available. The modified PALPA failed 

to identify any noun-verb dissociation as has been identified in patients with MND-Aphasia 

(Bak et al. 2001). Using Bak et al’s “Kissing and Dancing Test” may have yielded different 

results. Furthermore, effects of Group were identified on some tests which relied on 

reaction times, such as the Stroop Test or subscales of the Hayling Sentence Completion 

Test. In these tests, motor impairment was accounted for by the use of ‘latency’ measures. 

The design of future neuropsychological tests for patients with neurodegenerative diseases 

might put more emphasis on controlling for physical disability so as not to attenuate 

cognitive deficits. 

 

The current study used two different methods of analysis in assessing the cognitive status 

of patients with ALS. Direct comparison of test score group means with a matched control 

group identified subtle differences between subgroups that were obscured by a percentile 

analysis (e.g. GNT). Mean comparisons may be more useful in basic clinical research into 

the nature of cognitive change, but the use of percentile scores might be more useful in 

assessing the prevalence of a given deficit. The creation of composite scores for different 

domains of function appeared to be useful in the current study, and if confirmed by factor 

analysis with a larger sample, might provide a better means of describing a sample whilst 

decreasing the likelihood of Type 1 errors though multiple statistical comparisons.  
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The comparisons of patients by their relative impairment on different domains would also 

seem to be a more meaningful way of describing deficits rather than arbitrarily selecting a 

cut-off of failing a given number of individual cognitive tests.  

7.5.3 OFC Dysfunction in MND 

Whilst the current study failed to identify any deficits on tests associated with dysfunction 

of the OFC, it remains a brain region consistently implicated in behavioural disinhibition  

(Snowden et al. 1996; Stout et al. 2003). Future research might apply the tests of OFC 

function used in the current study to a sample of patients diagnosed with MND-D. Whilst 

the tests used in the current study were designed to identify patients with OFC lesions, it 

may be that they are insufficiently sensitive to detect milder levels of neuronal dysfunction. 

Other tests thought to be sensitive to OFC dysfunction might be associated with olfactory 

function (Rolls 1999) or modulate uncertainty in a fashion similar to that of the Iowa 

Gambling Task (Critchley et al. 2001). Future research might focus on the development of 

new tests to determine OFC function, for example by using fMRI imaging in healthy 

control participants.  

7.5.4 Neuroimaging of Familial Subgroups 

As was discussed in Section 6.3, Turner et al (2005a) found a distinct pattern of cerebral 

lesions in a subgroup of patients with a known SOD1 mutation, D90A, using the PET 

ligand [
11

C]Flumazenil. A long-term research project might involve the prospective 

neuroimaging of all FALS patients with or without a known SOD1 mutation in order to 

identify any other distinct cerebral lesions which might be present in specific genotypes. 

The rarity of these patients would require at least 3-5 years of data collection to recruit a 

sufficiently large sample.  

 

Whilst PET imaging has been useful in accurately quantifying neuronal change in the 

current study, the practical complexities of the technique make it somewhat prohibitive 

(Leigh et al. 2002). Recruitment and data collection would be easier using MRI imaging 

techniques such as voxel-based morphometry (Abrahams et al. 2005a; Ellis et al. 2001) or 

diffusion tensor imaging (Ellis et al. 1999; Karlsborg et al. 2004; Sach et al. 2004).  
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There remains a dearth of longitudinal neuroimaging data in the research literature on ALS. 

Prospective studies using serial MRI in asymptomatic individuals carrying a known SOD1 

mutation may reveal the earliest sites of pathogenesis in the development of ALS, as has 

been shown in Parkinson’s Disease and Alzheimer’s (Burton et al. 2005; Schott et al. 

2005). Serial MRI may also aid in the identification of a surrogate marker of disease 

through the identification of at-risk individuals who go on to develop the disease. Finally, 

serial MRI might allow early prescription of pharmacotherapies such as Riluzole to help 

slow down the degenerative process, as has been suggested in Alzheimer’s disease (Fox 

and Schott 2004).  

7.5.5 Differential UMN involvement in ALS 

The results of the current study demonstrate that the clinical division of patients into El 

Escorial categories may be less useful for cognitive research than a quantified index of 

symptom spread. Neuroimaging studies have correlated the severity of UMN signs (as 

measured by a simple count of brisk reflexes) with both Central Motor Conduction Time 

(Ellis et al. 1999) and the severity of neuronal loss in the motor cortex (Turner et al. 2005a).  

 

It would be hypothesized that the severity of UMN signs is a surrogate marker of cerebral 

abnormalities in patients with ALS or PLS, and should be correlated with the degree of 

cognitive and behavioural abnormalities. By contrast, LMN function occurs distally from 

the central nervous system and on tasks controlling for motor function should not be 

correlated with cognitive impairment. It might be possible to delineate subgroups of 

patients with different patterns of cognitive, behavioural, and emotional change on the basis 

of their of UMN severity.  

 

Whilst the current study has established the rationale of such a project through the use of 

the most extreme example of pure LMN pathology (PMA), it might prove useful to 

discover whether the heterogeneity of cognitive change amongst ALS patients is caused by 

the differential involvement of their UMN/LMN tracts. A number of potential UMN 

measures could be piloted in the clinic and correlated with ALSFRS-R scores or 

electrophysiological measures to establish utility, before recruitment of a large sample of 

patients with ALS for neuropsychological testing.  
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If findings were positive, the development of this new UMN severity scale might prove 

useful in predicting individuals at risk of developing cognitive change during the course of 

their illness. 

7.5.6 Primary Lateral Sclerosis (PLS) 

The current study sought to identify the profile of cognitive, behavioural, and emotional 

change in patients with a rare subgroup of MND, PMA. This affects only the LMNs and 

patients were found to be no different from control participants on any measures. PLS is 

another rare subgroup of MND which affects only the UMNs, and like PMA, may provide 

an interesting group for comparison to patients with ALS and one which would also test the 

UMN severity hypothesis detailed in Section 7.5.5. One key difference between ALS and 

PLS is that patients with the latter condition effectively have a normal lifespan.  

 

Therefore longitudinal studies of cognitive function in this population would not suffer 

from the same rate of attrition identified previously in longitudinal studies (Abrahams et al. 

2005b; Strong et al. 1999). Another avenue of future research is that of emotional lability, 

present in 50-100% of PLS patients (Kuipers-Upmeijer et al. 2001; Le Forestier et al. 

2001a; Pringle et al. 1992), as opposed to approximately 20% of ALS patients (Newsom-

Davis et al. 1999). Finally, the prolonged lifespan of patients with PLS might result in a 

different pattern of depression and anxiety. Whilst their prognosis is improved over that of 

a patient with ALS, they will experience the discomfort of profound disability for a longer 

duration of time, with uncertain consequences.  

7.5.7 Multimodal Research 

The current study used neuropsychological testing and neuroimaging to explore neural 

substrates of cognitive and behavioural abnormalities in ALS. Whilst a wealth of 

information was collected in vivo, it is not possible to fully extrapolate these findings to the 

neuropathological level. Future research should be integrated with neuropathological 

research projects, staggered to start several years after the beginning of a cognitive / 

imaging project in order to capture data from patients that have subsequently passed away 

and donated their brain and spinal cord tissue. In addition, greater efforts should be made in 

the clinic to encourage tissue donation from all MND patients treated there.  
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At present the small and highly selected sample does not allow researchers from different 

disciplines to compare their findings from the same individuals, which is a loss to the 

research literature.   

 

The current study has identified a number of useful avenues for future research from the 

perspective of neuropathology. Firstly, it is predicted that a comparison of FALS and SALS 

patients would find distinct patterns of cerebral involvement. Whilst FALS patients may 

have pathology in sensory regions, these would be spared in SALS. Conversely, pathology 

in Broca’s area would be predicted to be more severe in patients with SALS. Furthermore, 

a division between FALS patients with and without a SOD1 mutation might reveal a 

different distribution of neuronal pathology. 

 

Secondly, as outlined in Section 7.5.3, neuropathological studies should integrate findings 

from neuropsychological test scores in order to confirm the existence of a pathological 

continuum underlying the range of cognitive abnormalities experienced by patients with 

ALS. Currently patients are divided on a retrospective clinical basis rather than 

quantitatively. The use of a ‘gold standard’ measure such as the Wvfi administered in 

combination with an IQ measure to all patients in the clinic might provide a useful pilot. 

Thirdly, as of yet no studies have sought to identify pathological findings in an important 

area of the frontal lobes, the OFC. Identification of OFC pathology in patients with MND-

D but not ALS with cognitive impairment might confirm the region responsible for this 

latter group’s disinhibited pattern of behaviour.  

 

Fourthly as of yet there have been no neuropathological studies examining the cerebral 

distribution of 5HT receptors which might shed light on the WAY100635 findings and their 

relation with the low rates of depression identified in patients with ALS. 

7.5.8 Unknown Bilaterality of Cerebral Changes 

In the neuroimaging section of the current study, [
11

C]-flumazenil binding was correlated 

with Wvfi performance in the right inferior frontal gyrus; however, reducing the p value 

also identified a correlation in the left inferior gyrus, although this did not survive cluster 

correction.  
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Lateralisation both of function and degeneration remain to be resolved in patients with 

ALS, as well as more generally, and only neuropathological investigation could answer this 

conclusively. Unfortunately, the majority of neuropathological studies in ALS either assess 

only one hemisphere (Maekawa et al. 2004; Iwanaga et al. 1997; Bigio et al. 2003) or do 

not compare findings from each hemisphere (Wilson et al. 2001; Kawashima et al. 2001; 

Anderson et al. 1995; Yoshida 2004; Chaudhuri et al. 1995; Leigh et al. 1991; al Sarraj et 

al. 2002; Josephs et al. 2004). Only one case report specifically identified 

neuropathological change localized to one hemisphere, in a female ALS patients with 

circumscribed right anterior temporal lobe atrophy; interestingly no cognitive change was 

noted (Tsuchiya et al. 2002).  

 

Laterality of motor change may have implications for the cognitive status of individual 

patients. Whilst the current study found that PMA patients (with no UMN involvement) 

were unimpaired on measures of cognitive and behavioural change, it is unclear whether 

unilateral UMN involvement might be associated with different patterns of cognitive 

change. For example, it might be predicted that right-handed patients with clinical UMN 

signs restricted to the left side of their body might only have cerebral pathology on the right 

side, so potentially sparing some hemispherically localized functions such as language. 

This may help to explain the heterogeneous pattern of cognitive change amongst ALS 

patients. For example, with a group with a heterogeneous cognitive profile it may be that 

those with ‘LMN predominant’ ALS or UMN symptoms restricted to the non-dominant 

side of the brain have relatively normal language function, whilst those who are ‘UMN 

predominant’ or have pathology confined to the dominant hemisphere might have a more 

severe pattern of language impairment.  

7.5.9 Cognitive Change in FALS and the role of SOD1 

The current study has demonstrated that Familial ALS patients may be delineated by their 

SOD1 status. The findings that patients with a specific mutation, the Scandinavian D90A 

SOD1 mutation, have a pattern of cerebral pathology localized to the temporal pole 

suggests that there may be further delineation between SOD1 mutations. In particular, it 

would be interesting to compare patients with the slowly progressive forms of SOD1 FALS 

(as recruited in the current study, see Table 3.30) and the more aggressive A4V mutation 

which is found in 50% of North American FALS (Hand and Rouleau 2002).  
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Whilst difficult to recruit patients in sufficient numbers from a single centre, King’s MND 

Care & Research Centre maintains a database called the ALSOD database (www.alsod.org) 

which contains genetic and clinical details of all known SOD1 mutations and allows 

submission by any authorized research group in the world. The publication of a 

standardized test battery on this website may allow integration of comparable cognitive test 

scores.  

 

Whilst patients with a SOD1 mutation only account for approximately 2% of ALS patients 

and FALS patients for approximately 5%, they are important to study carefully from a 

research point of view. Minute alterations in DNA for a single protein can have a dramatic 

impact on the course of the disease (Andersen et al. 1997), which in turn offer more 

opportunities to study the disease. The current findings support delineation of ALS into 

separate phenotypes as far as is possible. The current study found a dissociation within the 

FALS population, but future research might concentrate on distinct variants of Primary 

Lateral Sclerosis (Zhai et al. 2003) or PMA (Ince et al. 2003; Norris 1992; Hu et al. 1998) 

as well as SALS. 

7.5.10 Depression and Anxiety in ALS 

The current study found that despite their poor prognosis, the prevalence of severe 

depressive symptomotology in people with ALS was relatively low. As discussed in 

Section 7.3.4, this may reflect a novel disruption of the 5HT system. A randomised control 

trial on the effects of several antidepressants on mood in MND might reveal more about the 

underlying 5HT system and prove useful for clinical practice.  

 

The serotonergic system is increasingly being implicated in motor function (Doder et al. 

2003) as well as in mood and emotion and serotonergic pathways may play a role in the 

development of MND. In the absence of randomised control trials in the pharmacological 

treatment of psychological symptoms in MND, the prescribing habits of clinicians might 

merit further study, to test the hypothesis that, as is the case with general practitioners 

(Kendrick et al. 2005a), neurologists do not offer drugs for patients perceived to have only 

mild symptoms of depression or anxiety.  
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7.5.11 Tackling Cognitive Impairment in ALS 

It is unclear at this stage what benefit further studies of the prevalence of cognitive change 

would add. Regardless of methodological issues, several recent publications have estimated 

prevalence rates for cognitive change as being much higher than previously thought 

(Lomen-Hoerth et al. 2003; Ringholz et al. 2005). This has had the effect of drawing 

attention to the issue of cognitive change and improving its identification clinically. It 

remains the case, however, that only a handful of MND Care & Research Centres around 

the world have developed any kind of intervention available to help patients and carers 

cope with the consequences of cognitive, behavioural, and emotional change. Future 

developments would benefit more from the establishment of clinical neuropsychology in 

the MND clinic itself than from observational studies. Pilot projects of psychosocial 

interventions for cognitive and behavioural change, planned NIPPV intervention, and 

randomised control trials for the treatment of depression, anxiety, and emotional lability 

should provide an evidence base that encourages health care providers to take 

psychological issues in MND seriously.  

7.6 Conclusion 

The current thesis has characterized the literature on cognitive, behavioural, and emotional 

change and sought to improve upon what is known in these fields through 

neuropsychological testing, correlations with PET neuroimaging, and a postal survey. A 

number of avenues for future research have been outlined in order to substantiate and 

expand upon the finding of the studies reported. Over the past 30 years there has been a 

dramatic increase in research concerning the psychological consequences of MND. It is 

hoped that the years to follow will see a translation of these findings to clinical practice in 

order to begin to ameliorate the impact on patients and their families who are affected by 

this terrible illness. 
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Appendix 1 – El Escorial Diagnostic Criteria 
 

From Brooks et al (2000), El Escorial revisited: Revised criteria for the diagnosis of 

Amyotrophic Lateral Sclerosis, ALS and other Motor Neuron Disorders, Vol. 1 p293-299 

 

The diagnosis of Amyotrophic Lateral Sclerosis [ALS] requires:  

A - the presence of: 

 

(A:1) evidence of lower motor neuron (LMN) degeneration  

by clinical, electrophysiological or neuropathologic examination,  

   

(A:2) evidence of upper motor neuron (UMN) degeneration  

by clinical examination, and  

   

(A:3) progressive spread of symptoms or signs within a region or to other regions,  

as determined by history or examination,  

   

Together with: 

 

B - the absence of: 

(B:1) electrophysiological and pathological evidence of other disease  

processes that might explain the signs of LMN and/or UMN degeneration, and  

   

(B:2) neuroimaging evidence of other disease processes that might explain the  

observed clinical and electrophysiological signs.  
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Appendix 2 – Ethical Approval 

 
 

 

 



 325 

 
 

 

 

 

 

 



 326 

 
 



 327 

 

 
 

 



 328 

Appendix 3 – Patient Information Letter 
 

(Sent on Hospital Headed Notepaper) 

Information Sheet for People with MND 

 

Study title: “Thinking and Behaviour in Motor Neurone Disease (MND)” 

 

You are being invited to take part in a research study.  Before you decide it is important for 

you to understand why the research is being done and what it will involve.  Please take time 

to read the following information carefully and discuss it with others if you wish.  Ask us if 

there is anything that is not clear or if you would like more information.  Take time to 

decide whether or not you wish to take part.  

 

What is the purpose of the study? 

 

Whilst MND has traditionally been thought to affect only the motor neurones, more recent 

evidence has shown that there may be some involvement of other regions of the brain. 

Using a battery of psychological tests we hope to compare test performance in three types 

of patient: People with Sporadic MND, Familial MND, and Progressive Muscular Atrophy 

(PMA). These results will be compared to those from a group of similar participants who 

do not have MND.  

 

Why have I been chosen? 

 

We believe this is a suitable study for you, if you would like to take part. We will be seeing 

a total of 80 MND patients, consisting of 40 Sporadic MND patients, 20 Familial MND 

patients, and 20 PMA patients. We will also be seeing a total of 40 healthy control 

participants. 

 

Do I have to take part? 

 

It is up to you to decide whether or not to take part.  If you do decide to take part you will 

be given this information sheet to keep and be asked to sign a consent form. If you decide 

to take part you are still free to withdraw at any time and without giving a reason.  A 

decision to withdraw at any time, or a decision not to take part, will not affect the standard 

of care you receive, now or in the future. 

 

What will happen to me if I take part? 

 

Testing can take place at your home at a time of your convenience, or at XXX MND Care 

& Research Centre if you prefer. If you decide to take part we will start by asking you some 

questions about the duration of your symptoms and how they are affecting you at present. 

Then we will move on to a series of tests, similar to word games and puzzles, some of 

which will take place on a laptop computer.  
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As part of the study, we would separately like to ask a carer or relative who knows you well 

some questions. We are interviewing carers to try and get as many perspectives as possible 

on changes in behaviour that may, or may not occur in people with MND. This will consist 

of them having a brief interview that will enquire about any changes that may have 

occurred since the onset of your MND, and they will also be asked to complete some 

questionnaires. This will take up to half an hour and will be carried out whilst you are 

carrying out one of the tests. Any responses given to us by your carer will remain 

confidential and we will not reveal them to you. You will also be asked to fill out a version 

of these questionnaires related to any changes you may have noticed yourself. We will not 

tell your carer how you responded to any of the questionnaires. 

 

The test battery is long at 4.5 hours, but this can be split into two shorter sessions if you 

prefer and if you need to take a break at any time you are free to do so. If you prefer to 

travel to your MND Care & Research Centre to take part in the study, we will reimburse 

you and your carer for any travel and lunch expenses incurred. You will be reimbursed by 

cheque approximately 4-6 weeks after participating. It would be helpful if you could keep 

receipts of your expenditure, or make a note of your mileage if driving.  

 

What do I have to do? 

You will not have to come off medication or undergo any invasive procedure whatsoever. 

Most tests are in the forms of interviews, questionnaires or puzzle-like tests. If you are 

unable to write we will assist you in filling out the questionnaires. If you are unable to 

speak we may skip certain tests that rely on spoken answers.  

 

What are the possible disadvantages and risks of taking part? 
Whilst we do not anticipate any health risks from taking part in this study, you and your 

carer may find some of the questions distressing. If you or your carer are distressed by 

taking part in this study we will be able to refer you to a counsellor via your MND Care and 

Research Centre.  

 

 

Due to the length of the battery you may find testing to be tiring. If you think this will 

be the case we recommend splitting the testing into two shorter sessions at your 

convenience, morning or afternoon. You will not be identified in our computers or 

publications by name, but by subject number, and all information will be kept strictly 

confidential. 

 

What are the possible benefits of taking part? 

 
There will be no direct benefit to you or your carer by taking part, and your results will not 

be revealed to you. However, it is hoped that this research will improve our knowledge 

relating to MND and may influence care practices in the future. 

 

What if something goes wrong? 

 

Whilst we do not anticipate any adverse effects from taking part in this study, If you are 

harmed by taking part in this research project, there are no special compensation 

arrangements.  If you are harmed due to someone’s negligence, then you may have grounds 

for a legal action but you may have to pay for it.   
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Regardless of this, if you wish to complain, or have any concerns about any aspect of the 

way you have been approached or treated during the course of this study, the normal 

National Health Service complaints mechanisms should be  available to you. 

 

Will my taking part in this study be kept confidential? 
All information which is collected about you during the course of the research will be kept 

strictly confidential. Any information about you which leaves the hospital will have your 

name and address removed so that you cannot be recognised from it. You will be allocated 

an anonymous ID code during testing which will be used in place of your name on any 

future publications. 

 

What will happen to the results of the research study? 

The results of the research will be published in a PhD thesis held at the Institute of 

Psychiatry and University of London libraries. Written articles will be submitted to peer-

reviewed scientific journals for distribution to other healthcare professionals. Talks and 

presentations may be made at MNDA meetings and conferences. In all cases, your name 

and personal details will not be identified. 

 

Who is organising and funding the research? 

The study is being funded by the Motor Neurone Disease Association, UK. It is being 

organized in collaboration with Professor Nigel Leigh by Dr. Laura Goldstein, Dr. Sharon 

Abrahams, and Dr. Martin Turner.  

 

Who has reviewed the study? 

This study has been granted ethics approval by the London Multi-Centre Research Ethics 

Committee (04/2/003), Hammersmith Hospital Research Ethics Committee (47/02), King’s 

Healthcare NHS Trust and the Institute of Psychiatry (271/00). The study has also been 

reviewed by the Motor Neurone Disease Association. 

 

Contact for Further Information 

If you wish to ask anything further then please contact Paul Wicks via the address below or 

on 020 7848 0715 (p.wicks@iop.kcl.ac.uk), or Dr Laura Goldstein on 020 7848 0242 

(l.goldstein@iop.kcl.ac.uk). 

 

Paul Wicks 

PO 78, Psychology 

Institute of Psychiatry 

De Crespigny Park 

London 

SE5 8AF 

 

 

Thank you for reading this information sheet. You will be given a copy to keep. If you have 

understood the contents of this sheet and wish to take part, please complete the consent 

sheet on the next page. If you have any questions please feel free to ask them now. 
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Patient Identification Number for this trial: 

 

CONSENT FORM 
 

Title of Project: “Thinking and Behaviour in MND” 
 

Name of Researcher: Paul Wicks 

 

 

 

     Please initial box 
 

� I confirm that I have read and understand the information sheet dated ............................  

(version .....) for the above study and have had the opportunity to ask questions. 

 

� I understand that my participation is voluntary and that I am free to withdraw at any time, 

without giving any reason, without my medical care or legal rights being affected. 

 

� I understand that sections of any of my medical notes may be looked at by responsible

 individuals from King’s College Hospital, London or from regulatory authorities where it is 

relevant to my taking part in research.  I give permission for these individuals to have access to 

my records. 

 

� I agree to take part in the above study.    

 

 

 

 

________________________ ____________________  

Name of Patient   Date Signature 

 

 

_________________________ ____________________  

Witness (if unable to write) Signature   

  

 

_________________________ ____________________ 

Researcher Signature   Date 

 

 

 

 

  

 

1 for patient;  1 for researcher;  1 to be kept with hospital notes 
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Appendix 4 – Control Recruitment Poster 

 

 
 

 

 

 

VOLUNTEERS 

REQUIRED 
 

We are currently carrying out research into Motor 

Neuron Disease and require healthy people for use 

as a comparison group. Testing will take 

approximately 4.5 hours and consists of an interview 

made up of memory tests, language tests 

(resembling word games), and a number of 

computerised tasks. This will take place at the 

Institute of Psychiatry, opposite King’s College 

Hospital (near Denmark Hill station). Your travel 

and lunch expenses will be reimbursed, and the 

interview can be split into two sessions if you prefer. 

 

We are especially keen to interview people, male or 

female that are: 
• Between 30 and 75 years of age 

• Right-Handed 

• Have no serious medical conditions 

• Are not currently taking any medication that 

might affect their concentration 

• Have no history of neurological illness 

•
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Appendix 5 – Fixed Test Order 
 

Test Start/Finish times Minutes 

History Start:               Finish:  

ALSFRS-R             Start:               Finish:  

NART  Start:               Finish:  

Computerised Stroop CS SN NP Start:               Finish:  

KOLT              Start:               Finish:  

Computerised WCST  Start:               Finish:  

WRMT   Start:               Finish:  

Fluency Generation   Start:               Finish:  

Computerised Reversal Learning Start:               Finish:  

Hayling     Start:               Finish:  

FPSv.1 Start:               Finish:  

SIML Start:               Finish:  

Computerised Extinction Start:               Finish:  

Fluency Copying Start:               Finish:  

Computerised gambling task Start:               Finish:  

BDI Start:               Finish:  

GNT Start:               Finish:  

ELQ Patient Start:               Finish:  

TROG Start:               Finish:  

HADS Start:               Finish:  

PAULPA Start:               Finish:  

STAI Start:               Finish:  

VOSP Start:               Finish:  

DEX Patient Start:               Finish:  

JLO Start:               Finish:  

FRSBE Patient Start:               Finish:  

Raven’s Start:               Finish:  

SIGH-D Start:               Finish:  

 

Manchester Behavioural Interview Start:               Finish:  

ELQ Relative/Carer Start:               Finish:  

DEX Carer Start:               Finish:  

FRSBE Carer Start:               Finish:  
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Appendix 6 – Demographic Variables Sheet 
 

Patient 

Thinking, mood, and behaviour in MND 

Paul Wicks, Institute of Psychiatry KCL 

 

Subject Name:__________________             Subject ID:_____________ 

Gender:__        Date of Birth:___________ 

Age:_____     Today’s Date:___________ 

Years of education:_______________ Handedness:____________ 

Highest qualification:_____________ Age of onset:___________ 

Occupation:_____________________  Date/site of onset:_______ 

Date of diagnosis:________________  Age of diagnosis:________ 

Length of relationship with carer/spouse:____________ 

History of other neurological injury or illness: 

______________________________________________________ 

Any current or previous major psychiatric illness: 

_________________________________________________________________________

___________________________________ 

Any current medication: 

______________________________________________________ 

________________________________________________________ 

_____________________________________________________________ 

 

How much bodily pain have you had during the past 4 weeks? 

None   1 

Very mild   2 

Mild    3 

Moderate  4 

Severe   5 

Very severe 6 

 

During the past 4 weeks, how much did pain interfere with your normal work (including 

work both outside the home and housework)? 

Not at all   1 

A little bit   2 

Moderately   3 

Quite a bit   4 

Extremely   5 
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Appendix 7 – ALSFRS-R 
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Appendix 8 – Stroop Schedule of Stimuli 
Playlist follows the format: StimulusType, StimulusValue, StimulusColour. 

StimulusType: 

1 – Stroop 

2 – Negative Priming 

3 – Facilitation 

4 – Control 

5 – Blank 

 

StimulusValue: 

1 – Red / XXX 

2 – Green / XXXX 

3 – Yellow / XXXXX 

4 - Blue  / XXXXXX 

 

Stimulus Colour:  

1 – Red 

2 – Green 

3 – Yellow 

4 – Blue 

 

[FULLPLAYLIST] 

4, 4, 4 

4, 2, 3 

4, 1, 2 

4, 2, 1 

4, 3, 3 

4, 4, 2 

4, 3, 4 

4, 2, 1 

4, 1, 4 

4, 2, 2 

2, 3, 2 

2, 2, 3 

2, 1, 2 

2, 2, 1 

2, 3, 2 

2, 1, 3 

2, 3, 1 

2, 1, 3 

2, 4, 1 

2, 1, 4 

1, 3, 1 

1, 2, 4 

1, 1, 3 

1, 4, 2 

1, 2, 3 

1, 1, 4 

1, 4, 2 

1, 2, 1 

1, 3, 4 

1, 4, 2 

1, 1, 3 

1, 3, 4 

1, 2, 1 

1, 4, 3 

1, 1, 2 

1, 3, 4 

1, 1, 2 

1, 4, 3 

1, 3, 1 

1, 1, 2 

2, 4, 1 

2, 1, 4 

2, 3, 1 

2, 2, 3 

2, 1, 2 

2, 3, 1 

2, 2, 3 

2, 3, 2 

2, 4, 3 

2, 1, 4 

1, 2, 1 

1, 3, 4 

1, 2, 1 

1, 3, 4 

1, 4, 1 

1, 1, 3 

1, 3, 4 

1, 4, 2 

1, 1, 3 

1, 3, 2 

4, 2, 4 

4, 4, 1 

4, 2, 3 

4, 4, 4 

4, 3, 2 

4, 4, 1 

4, 2, 3 

4, 4, 1 

4, 1, 3 

4, 4, 1 

4, 4, 3 

4, 3, 1 

4, 1, 2 

4, 3, 3 

4, 4, 1 

4, 2, 3 

4, 4, 2 

4, 1, 1 

4, 4, 3 

4, 2, 1 

2, 4, 3 

2, 1, 4 

2, 4, 1  

2, 1, 4 

2, 4, 1 

2, 2, 4 

2, 3, 2 

2, 1, 3 

2, 3, 1 

2, 2, 3 

1, 1, 2 

1, 2, 4 

1, 1, 3 

1, 3, 4 

1, 2, 1 

1, 3, 4 

1, 1, 2 

1, 2, 4 

1, 4, 3 

1, 3, 1 

2, 1, 2 

2, 4, 1 

2, 1, 4 

2, 2, 1 

2, 4, 2 

2, 2, 4 

2, 3, 2 

2, 4, 3 

2, 1, 4 

2, 4, 1 

4, 4, 1 

4, 3, 3 

4, 4, 4 

4, 2, 2 

4, 1, 1 

4, 3, 2 

4, 2, 3 

4, 3, 2 

4, 1, 1 

4, 3, 3 

2, 2, 4 

2, 3, 2 

2, 2, 3 

2, 4, 2 

2, 3, 4 

2, 2, 3 

2, 4, 2 

2, 3, 4 

2, 4, 3 

2, 2, 4 

2, 2, 4 

2, 1, 2 

2, 4, 1 

2, 2, 4 

2, 3, 2 

2, 4, 3 

2, 1, 4 

2, 3, 1 

2, 1, 3 

2, 4, 1 

4, 3, 1 

4, 4, 3 

4, 2, 2 

4, 3, 4 

4, 2, 2 

4, 3, 4 

4, 1, 2 

4, 4, 3 

4, 2, 1 

4, 3, 4 

1, 1, 2 

1, 3, 4 

1, 2, 1 

1, 3, 4 

1, 4, 1 

1, 2, 3 

1, 3, 1 

1, 1, 2 

1, 3, 4 

1, 4, 2 

1, 1, 4 

1, 3, 2 

1, 2, 1 

1, 1, 4 

1, 2, 3 

1, 4, 1 

1, 2, 3 

1, 1, 4 

1, 2, 3 

1, 1, 4 

4, 4, 4 

4, 2, 2 

4, 1, 4 

4, 2, 2 

4, 3, 4 

4, 1, 3 

4, 2, 4 

4, 4, 3 

4, 1, 2 

4, 4, 1 

[END] 
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Appendix 9 – Reversal Learning / Extinction 

Stimuli 

 
Reversal Pattern A 

 
Reversal Pattern B 
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Extinction Pattern A 

 
Extinction Pattern B 
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Appendix 10 – Iowa Gambling Task Stimuli 

 
Winning Money 

 
Losing Money 
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Appendix 11 – Iowa Gambling Task Schedule of 

Reinforcement 
Numbers reflect wins, followed by losses. 

Deck A (bad) 

50% Lose 

Deck B (bad) 

10% Lose 

Deck C (good) 

50% Lose 

Deck D (good) 

10% Lose 
100       

120       

80   -150 

90        

110  -300 

100       

80   -200 

120       

110  -250 

90   -350 

110       

130  -350 

90        

100  -250 

120  -200 

110       

90   -300 

130  -150 

120  -250 

100       

120  -250 

140  -300 

110       

110  -350 

100       

120  -200 

130  -250 

110  -150 

140  -250 

120       

130  -350 

120  -200 

140  -250 

130  -250 

110  -150 

150       

140  -150 

120  -300 

150  -350 

110       

140  -350 

130  -200 

150  -250 

140  -250 

120  -150 

160       

150  -150 

130  -300 

160  -350 

120  -250 

150  -350 

140  -200 

160  -250 

150  -250 

130  -150 

170  -250 

160  -150 

140  -300 

170  -350 

130  -250 

 

100     0 

80      0 

110       

120     0 

90        

100     0 

90        

120       

110 -1250 

80        

110     0 

100     0 

90        

130 -1500 

120       

130     0 

110     0 

90        

100       

120       

120 -1750 

110       

140     0 

130     0 

100       

110     0 

120       

120     0 

140       

110       

130     0 

140 -2000 

120       

110     0 

130       

150     0 

110       

150     0 

120       

140       

140     0 

150       

130     0 

120       

140     0 

160 -2250 

120     0 

160       

130       

150       

150       

160     0 

140       

130     0 

150       

170     0 

130     0 

170 -2500 

140       

160  

50        

60        

40    -50 

55        

55    -50 

45        

50    -50 

45        

60    -50 

40    -50 

55        

55    -25 

65    -75 

45        

70    -25 

40        

50    -25 

60    -75 

70        

40    -50 

60        

65    -25 

55        

80    -50 

40    -25 

60    -50 

55        

65    -25 

40    -75 

80    -50 

65    -25 

75        

55    -25 

60    -25 

70    -25 

65        

55    -75 

75    -25 

45    -50 

85    -75 

70    -25 

80        

60    -25 

65    -25 

75    -25 

70    -25 

60    -75 

80    -25 

50    -50 

90    -75 

75    -25 
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Appendix 12 – FPS Example Stories 

 
Helen’s husband was throwing a surprise party for her birthday. He 

invited Sarah, a friend of Helen’s, and said “Don’t tell anyone, 

especially Helen”. The day before the party, Helen was over at 

Sarah’s and Sarah spilled some coffee on a new dress that was 

hanging over her chair. “Oh!” said Sarah, “I was going to wear this 

to your party!” “What party?” said Helen. “Come on,” said Sarah, 

“Let’s go see if we can get the stain out.” 

 

Jill had just moved into a new apartment. Jill went shopping and 

bought some new curtains for her bedroom. When she had finished 

decorating the apartment, her best friend, Lisa, came over. Jill gave 

her a tour of the apartment and asked, “How do you like my 

bedroom?” “Those curtains are horrible,” Lisa said. “I hope you’re 

going to get some new ones!” 

 

Jeanette bought her friend, Anne, a crystal bowl for a wedding gift. 

Anne had a big wedding and there were lots of presents to keep 

track of. About a year later, Jeanette was over one night at Anne’s 

for dinner. Jeanette dropped a wine bottle by accident on the crystal 

bowl and the bowl shattered. “I’m really sorry. I’ve broken the 

bowl,” said Jeanette. “Don’t worry,” said Anne. “I never liked it 

anyway. Someone gave it to me for my wedding.” 
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Appendix 13 – Modified PALPA Example Items 

 
Noun Item: “The Horse is Pushing the Man” 

 
Verb Item: “The Girl is Washing the Dog” 
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Appendix 14 – Modified MBQ 
Manchester Behavioural Questionnaire 

Participant ID:                            Name:                                 Date: 

    Score (0 or 1) 

Snowden/Bathgate 

Categories 
Affect 

  

Loss of basic 

emotion 

Has he/she lost any capacity to show emotions e.g. 

Happiness, Sadness, Fear, Anger, Disgust, 

Surprise   

Exaggerated 

emotional display 

Does he/she show inappropriate or exaggerated 

displays of emotions above? 
  

Loss of 

embarrassment 

Does he/she fail to be appropriately embarrassed 

for him/herself or others?   

Irritability Is he/she more irritable than before?   

Aggression 
Is he/she more verbally or physically aggressive or 

threatening?   

Does he/she react to difficulties by becoming more 

upset, distressed, anxious? Loss of emotional 

insight Has he/she lost confidence or become more 

withdrawn?   

Excessive worrying Does he/she worry excessively about little things? 
  

Selfishness 
Is he/she more self-centred? Does he/she show a 

lack of consideration for others?   

  Social & Personal Behaviour 
  

Does he/she make jokes in bad taste or 

inappropriate comments? Disinhibition 

Does he/she act in a disinhibited manner in public?   

Social avoidance Does he/she avoid social contact with people? 
  

Neglect of Hygeine 
Is he/she less concerned about cleanliness, e.g. 

prompting to wash or change clothes?   

General loss of 

interest 

Has he/she lost interest in hobbies or leisure 

activites?   

  Sensory Behaviours   

Loss of awareness 

of pain 

Does he/she show lessened awareness of painful 

sensations such as heat, sharp objects, knocks & 

falls?   

Exaggerated 

reaction to pain 

Does he/she show inappropriate or exaggerated 

response to pain, touch, noise, odours and tastes? 
  

Loss of smell Has his/her sense of smell lessened?   
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Eating and Oral Behaviours 

Preference for 

sweet foods 

Has his/her taste changed in favour of more sweet 

foods?   

Preference for 

savoury foods 

Has his/her taste changed in favour of more 

savoury foods?   

More selective/food 

fads 

Is he/she more selective and picky about foods 

than before? 
  

Less selective/ 

indisciminate 

Is he/she less selective and picky about what 

he/she eats or does he/she eat indisciminately? 
  

Overeats/ gluttony Does he/she eat more than formerly? 
  

Seeks out food 
Does he/she actively look for extra food (e.g. raid 

the biscuit tin?)   

  
Repetitive Behaviours, Compulsions, and 

Rituals   

  Behavioural Stereotypies   

Simple motor 

stereotypies 

Does he/she display simple repetitive movements? 

e.g. vocalisations, facial movements, hand 

movements, leg/feet movements?   

Complex motor 

routines 

Does he/she display complex repetitive behaviours 

e.g. verbally, hand movements, complex feet 

movements?   

Verbal stereotypies 
Does he/she have a favourite word or phrase 

he/she keeps repeating?   

Verbal 

perseverations 

Does he/she continue to repeat words or phrases 

immediately after saying them?   

Repetitive themes 
Does he/she repeat or stick to the same theme in a 

conversation?   

Pacing Does he/she pace at home?   

  Environmentally Dependant Behaviours   

Counts objects Does he/she constantly count things?   

Aligns objects 
Does he/she need to constantly order and align 

things?   

Echolalia Does he/she copy words/sentences said by others?   

Hoards objects Does he/she collect, hide or hoard objects?   

Reads notices aloud Does he/she read aloud notices or signs in public? 
  

Touches and 

handles objects 
Does he/she touch, pick up and pocket items? 

  

  Compulsive Behaviours   

Adherence to daily 

routine 

Does he/she stick to a timetable for daily 

activities?   

Upset if routine 

disrupted 

Does he/she get upset if the timetable is interfered 

with or activities prevented?   
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Preoccupied 

checking 

Is he/she preoccupied with checking things such as 

lightswitches?   

Excessive attention 

to detail 

Does he/she pay unnecessary attention to detail 

when carrying out a task? 
  

Needs to do things 

immediately 
Does he/she need to do things immediately? 

  

Arranges 

belongings in same 

way 

Does he/she always arrange his/her belongings in a 

certain way? 
  

Clockwatching 
Does he/she constantly watch and worry about the 

time?   

  Cognitively Mediated Behaviours   

Fails to recognise 

objects 

Does he/she see objects but does not know what 

they are? 
  

Uses wrong words 
Does he/she substitute inappropriate words for the 

correct ones?   
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Appendix 15 – MBQ Item Analysis  
The items below were removed from the MBQ because they were either unlikely to be 

endorsed in MND, did not fit core criteria for FTD, or were deemed inappropriate. 

Affect and social behaviour 

Does s/he laugh inappropriately? 

• Endorsed 1 time (7%) 

• Not in FTD criteria 

• Similar to Pathological Laughing from ELQ, similar to 2.) 

• Not used by Bathgate or Snowden 

Does s/he seek people out and follow them around? 

• Endorsed 0 times 

• Not in FTD criteria 

• Snowden 17% FTD-A, 28% FTD-D, 72% SD, diff FTD-D & -A vs SD 

• Bathgate 23% FTD, 23% AD, 26% CvD, non diff 

• Many patients can’t follow people 

Eating and Vegetative Behaviours 

Would he carry on eating if food were present? 

• Endorsed 0 times 

• FTD Criteria II. A. 4. “Hyperorality and dietary changes” 

• Snowden 50% FTD-A, 41 % FTD-D, 27% SD, non diff 

• Bathgate 43% FTD, 7% AD, 15% CvD diff FTD vs AD, FTD vs CvD 

• Phrased as “Eats continually if food present” by B & S, current phrasing unclear 

Does he actively take food from other’s plates? 

• Endorsed 0 times 

• FTD Criteria II. A. 4. “Hyperorality and dietary changes” 

• Snowden not used 

• Bathgate 30% FTD, 1% AD, 9% CvD, diff FTD vs AD 

• Many patients can not do this due to arm weakness 
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Does he cram and store food in his mouth without swallowing? 

• Endorsed 0 times 

• FTD Criteria II. A. 4. “Hyperorality and dietary changes” 

• Snowden 50% FTD-A, 50% FTD-D, 9% SD, diff FTD-D & -A vs SD 

• Bathgate 50% FTD, 1% AD, 18% CvD, diff FTD vs AD with 80 times odds ratio, 

FTD vs CvD, CvD vs AD 

• Use of PEG tubes, change in dietary consistency 

Does he drink more alcohol than before? 

• Endorsed 0 times 

• Not in FTD criteria 

• Snowden not used 

• Bathgate 13% FTD, 11% AD, 0% CvD, non-diff 

• Not relevant? 

Does he smoke more/repetitively/seek out cigarettes? 

• Endorsed 3 times (20%) 

• Not in FTD criteria 

• Snowden not used 

• Bathgate 100% FTD, 17% AD, 27% CvD however only 3 smokers in whole cohort 

so authors recommend viewing with caution, does not differentiate 

Does he put inanimate objects in his mouth? 

• Endorsed 0 times 

• FTD Criteria II. A. 4. “Hyperorality and dietary changes” 

• Snowden as “Oral exploration of objects”, 0% FTD-A, 22% FTD-D, 18% SD 

• Bathgate as above, 13% FTD, 3% AD, 15% CvD, diff FTD vs AD 

• Unlikely 

Does he wander from home or on occasion need supervision to stop wandering? 

• Endorsed 0 times 

• Not in FTD criteria 

• Snowden 83% FTD-A, 56% FTD-D, 18% SD diff FTD-A & -D vs SD 

• Bathgate 67% FTD, 25% AD, 38% CvD diff FTD vs. AD, FTD vs. CvD 

• Many patients unable to do so 
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Has his interest in sexual activity changed, diminished? 

• Endorsed 1 time (7%) 

• Not in FTD criteria 

• Snowden not used 

• Bathgate 58% FTD, 52% AD, 48% CvD, non diff 

• Duplicated in FRSBE 38.) 

• Many patients unable to have sex 

Has his interest in sexual activity increased and does he show any preoccupation with sex? 

• Endorsed  0 times 

• Not in FTD criteria 

• Snowden not used 

• Bathgate 19% FTD, 15% AD, 6% CvD 

• Many patients unable to have sex 

Does he sleep less? 

• Endorsed 6 times, related to disease (40%) 

• Not in FTD criteria 

• Snowden not used 

• Bathgate 20% FTD, 19% AD, CvD 21%, non-diff 

• Altered by disease 

Does he sleep more than before? 

• Endorsed 5 times, related to disease, usually afternoon naps (33%) 

• Not in FTD criteria 

• Snowden not used 

• Bathgate 47% FTD, 36% AD, 35% CvD, non-diff 

• Altered by disease 

Repetitive Behaviours, compulsions, and rituals 

Does he show rhythmical pacing in the same direction? 

• Endorsed 0 times 

• FTD Criteria I.A., 5. “Perseveration and stereotyped behaviour” 

• Snowden as “Paces fixed route” 33% FTD-A, 33% FTD-D, 0% SD, FTD-A & -D 

vs SD 
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• Bathgate as above, 29% FTD, 3% AD, 6% CvD, diff FTD vs AD, FTD vs CvD 

• Many patients unable to do 

Is he overly concerned with being neat and clean? 

• Endorsed 0 times 

• FTD criteria conflicts with II.A.1. “Decline in personal hygiene and grooming”, 

opposite of 16.) 

• Snowden 8% FTD-A, 0% FTD-D, 18% SD, non-diff 

• Bathgate 3% FTD, 8% AD, 0% CvD, non-diff 

Does he have eccentric toileting and grooming habits? 

• Endorsed 0 times 

• Not in FTD criteria 

• Snowden not used 

• Bathgate 30% FTD, 8% AD, 3% CvD, diff FTD vs AD, FTD vs CvD 

• Disease causes alterations to toileting / grooming routine 

Does he have any behavioural rituals or superstitions such as avoiding standing on cracks 

between paving stones? 

• Endorsed 0 times 

• Not in FTD criteria 

• Snowden 22% FTD-A, 17% FTD-D, 9% SD, non-diff 

• Bathgate 20% FTD, 1% AD, 3% CvD, diff FTD vs AD 

• Not relevant 

Environmental Dependency 

Does he imitate actions of others? (Echopraxia) 

• Endorsed 0 times 

• Not in FTD criteria 

• Snowden 0% FTD-A, 9% FTD-D, 18% SD, non diff 

• Bathgate 3% FTD, 1% AD, 6% SD, non diff 

• Many patients unable to do, unlikely 

Does he use or mimic use of objects in environment? (Utilization behaviour) 

• Endorsed 0 times 

• FTD criteria II.A.6. “Utilization behaviour” 

• Snowden not used 
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• Bathgate 0% FTD, 0% AD, 0% CvD non diff 

• Bathgate Findings conflict with criteria 

Cognitively Mediated Behaviours 

• Does he put down objects and cannot find them? 

• Endorsed 0 times 

• Not in FTD criteria, more typical AD 

• Snowden not used 

• Bathgate 53% FTD, 89% AD, 76% CvD, dif AD vs FTD 

Does he have difficulty finding his way around his own neighbourhood? 

• Endorsed 0 times 

• Not in FTD criteria, 

• Snowden not used 

• Bathgate 23% FTD, 41% AD, 45% CvD, non diff 

Does he have difficulties in finding the way within the home? 

• Endorsed 0 times 

• Not in FTD criteria, more typical AD 

• Snowden not used 

• Bathgate 7% FTD, 31% AD, 24% CvD, diff AD vs FTD 

Is he slow to find objects placed in front of him? 

• Endorsed 0 times 

• Not in FTD criteria 

• Snowden not used 

• Bathgate 7% FTD, 56% AD, 15% CvD, non diff 

Has stopped talking altogether 

• Endorsed 0 times 

• FTD Criteria II.B.5. “Mutism” 

• Snowden 42% FTD-A, 11% FTD-D, 0% SD, Diff FTD-A vs FTD-D 

• Bathgate 23% FTD, 5% AD, 3% CvD, diff FTD vs AD, FTD vs CvD 

• Frequently caused by disease 
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Hallucinations and delusions 

• Has he become more suspicious and less trusting? 

• Endorsed 0 times 

• Not in FTD criteria 

• Snowden not used 

• Bathgate 30% FTD, 44% AD, 50% CvD, non diff 

Has he believed possessions were stolen? 

• Endorsed 1 time (7%) 

• Not in FTD criteria 

• Snowden not used 

• Bathgate 10% FTD, 25% AD, 25% CvD, non diff 

Does he believe that other people are living in the house? 

• Endorsed 0 times 

• Not in FTD criteria 

• Snowden not used 

• Bathgate 10% FTD, 20% AD, 21% CvD non diff 

Has he assumed familiar people were someone else? 

• Endorsed 0 times 

• Not in FTD criteria 

• Snowden not used  

• Bathgate 30% FTD, 41% AD, 29% CvD, non diff 

Does he see visions such as people or animals? 

• Endorsed 0 times 

• Not in FTD criteria 

• Snowden not used 

• Bathgate 7% FTD, 23% AD, 15% CvD non diff 

Does he hear noises or voices not heard by others? 

• Endorsed 1 time (7%) (burglar noises) 

• Not in FTD criteria 

• Snowden not used 

• Bathgate 10% FTD, 8% AD, 12% CvD, non diff 
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Appendix 16 – ELQ 
 

Emotional Lability Questionnaire: MND 

This questionnaire is about emotional expression, in particular laughter and crying.  Please 

read each question carefully and then circle the number next to the answer that best 

describes your emotional reactions in the last four weeks.   

 

1. Have you experienced sudden episodes of laughter in the past four weeks?  How 

often? 

 

[0] Never 

[1] Occasionally 

[2] Quite Often  

[3] Frequently 

 

If you scored 0 on question 1, then skip to question 12. 

If you scored 1, 2, or 3 on question 1, then continue from question 2.   

 

2. Of these episodes, what proportion of them occurred without any cause in your 

physical surroundings? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

3. What proportion of them occurred at an inappropriate time or place, or when you 

would not usually expect them? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

4. On average, how long did the episodes last? 

 

[0] Very brief 

[1] Short (a few seconds) 

[2] Moderate (less than 30 seconds) 

[3] Prolonged (more than 30 seconds) 

 

5. Of these episodes, what proportion were you able to control? 

 

[0] Almost all of them 

[1] The majority 

[2] A minority 

[3] None  
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6. How many of these episodes occurred as a result of amusement or happiness? 

 

[0] Almost all of them 

[1] The majority 

[2] A minority 

[3] None  

 

7. In how many cases was the laughter greater than you would expect given how 

happy or amused you were feeling? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

8. In how many of these episodes did the laughter occur with feelings of sadness 

(either immediately beforehand, or simultaneously)? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

9. What proportion of these episodes occurred with other emotions, such as 

nervousness, anger or fear (either immediately before the laughter, or 

simultaneously)? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

Specify ………………………………………………… 

 

10. What proportion of these episodes caused you any social distress or embarrassment? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

11. Does this pattern of laughing represent a change from that prior to the onset of 

MND? 

 

[0] No 

[1] Yes 
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If you have skipped from question 1, start here. 

 

12. Have you experienced any sudden episodes of crying in the past four weeks?  How 

often? 

 

[0] Never 

[1] Occasionally 

[2] Quite Often  

[3] Frequently 

 

If you scored 0 on question 12, then skip to question 23. 

If you scored 1, 2, or 3 on question 12, then continue from question 13. 
 

13. Of these episodes, what proportion of them occurred without any cause in your 

physical surroundings? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

14. What proportion of them occurred at an inappropriate time or place, or when you 

would not usually expect them? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

15. On average, how long did the episodes last? 

 

[0] Very brief 

[1] Short (a few seconds) 

[2] Moderate (less than 30 seconds) 

[3] Prolonged (more than 30 seconds) 

 

16. Of these episodes, what proportion were you able to control? 

 

[0] Almost all of them 

[1] The majority 

[2] A minority 

[3] None  

 

17. How many of these episodes occurred as a result of sadness? 

 

[0] Almost all of them 

[1] The majority 

[2] A minority 
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[3] None  

18. In how many cases was the crying greater than you would expect given how upset 

you were feeling? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

19. In how many of these episodes did the crying occur with feelings of happiness or 

amusement (either immediately beforehand, or simultaneously)? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

20. What proportion of these episodes occurred with other emotions, such as 

nervousness, anger or fear (either immediately before the laughter, or 

simultaneously)? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

Specify ………………………………………………… 

 

21. What proportion of these episodes caused you any social distress or embarrassment? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

22. Does this pattern of crying represent a change from that prior to the onset of MND? 

 

[0] No 

[1] Yes 
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If you have skipped from question 12, then start here. 

23. Have you experienced unusual episodes of smiling in the past four weeks?  How 

often? 

 

[0] Never 

[1] Occasionally 

[2] Quite Often  

[3] Frequently 

 

If you scored 0 on question 23, then omit the rest of the questions. 

If you scored 1, 2, or 3 on question 23, then continue from question 24.   

24. Of these episodes, what proportion of them occurred without any cause in your 

physical surroundings? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

25. What proportion of them occurred at an inappropriate time or place, or when you 

would not usually expect them? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

26. On average, how long did the episodes last? 

 

[0] Very brief 

[1] Short (a few seconds) 

[2] Moderate (less than 30 seconds) 

[3] Prolonged (more than 30 seconds) 

 

27. Of these episodes, what proportion were you able to control? 

 

[0] Almost all of them 

[1] The majority 

[2] A minority 

[3] None  

 

28. How many of these episodes occurred as a result of amusement or happiness? 

 

[0] Almost all of them 

[1] The majority 

[2] A minority 

[3] None  
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29. In how many cases was the smiling greater than you would expect given how happy 

or amused you were feeling? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

30. In how many of these episodes did the smiling occur with feelings of sadness (either 

immediately beforehand, or simultaneously)? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

31. What proportion of these episodes occurred with other emotions, such as 

nervousness, anger or fear (either immediately before the smiling, or 

simultaneously)? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

Specify ………………………………………………… 

 

32. What proportion of these episodes caused you any social distress or embarrassment? 

 

[0] None 

[1] A minority 

[2] The majority 

[3] Almost all of them 

 

33. Does this pattern of smiling represent a change from that prior to the onset of 

MND? 

 

[0] No 

[1] Yes 

 

 

 

                               

                                        THANK YOU 
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Appendix 17 – Carer Information Sheet 
Thinking and Behaviour in MND 

Paul Wicks, Institute of Psychiatry 

 

Thank you for your interest in participating in our research project. As a 

carer/spouse/relative of a person with MND we will ask you to participate in an interview 

of about 20 minutes during which we will talk about the way that they have been feeling 

and behaving since the onset of the disease. As some of these questions are similar to 

questions we will also ask of your partner/relative we prefer to ask each of you separately. 

Do not worry if you don’t think your partner/relative would agree with your impression, it’s 

important that we get as many perspectives as possible and we will not disclose your 

responses to anyone not directly involved in the research. 

 

If you have any questions on any aspect of the project please feel free to ask now, and if 

you are happy to continue please read the statement below carefully and sign underneath. 

Consent 

 

I have read this information sheet and would / would not (delete as appropriate) like to take 

part in this study. I understand that my participation is entirely voluntary and may be 

withdrawn at any time without affecting my spouse/relative’s current or future treatment. I 

have had the opportunity to ask any questions and have been provided with satisfactory 

answers. I understand that I will not be told my individual results for any tests, and that my 

results will be treated as totally confidential.  

 

 

 

Signed:________________________ Address:__________________________ 

        

(please print): __________________                __________________________ 

 

   date: __________________     __________________________ 

 

Carer of:_______________________ 
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Appendix 18 – Hypothesis Three, Behavioural 

Correlations in Full 
 

Composite Score SIML 

r, p (n) 

DEX 

r, p (n) 

MBQ 

r, p (n) 

Executive  -0.56, 0.643 

(72) 

0.180, 0.129 

(72) 

-0.391, 0.033 

(30) 

DLPFC  0.077, 0.540 

(78) 

0.182, 0.110 

(78) 

0.084, 0.637 

(34) 

OFC  0.188, 0.117 

(71) 

0.121, 0.319 

(70) 

-0.010, 0.956 

(33) 

Memory  0.064, 0.548 

(89) 

0.280, 0.008 

(88) 

-0.064, 0.689 

(42) 

Language  0.075, 0.495 

(86) 

0.168, 0.119 

(87) 

-0.109, 0.493 

(42) 

Visuospatial  -0.016, 0.885 

(85) 

-0.006, 0.958 

(86) 

-0.300, 0.57 

(41) 
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Appendix 19 – Depression and Anxiety Ethical 

Approval 
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Appendix 20 – Depression Reminder Postcard 
 
Dear Sir/Madam, we hope you 

recently received an information 

sheet and questionnaires regarding 

a research study entitled “Mood in 

MND”. If you would like to take 

part we would appreciate it if you 

could send back the questionnaires 

the stamped SAE enclosed with  

the pack. If you do not wish to  

take part please send back the  

empty forms so they can be  

reused. If you have any queries  

please contact us on 020 7848  

0715 or p.wicks@iop.kcl.ac.uk.  

Thank you. 



 363 

Appendix 21 – Depression Information Sheet 

 
Information Sheet for People with MND 

Study title: “Mood in Motor Neurone Disease (MND)” 

You are being invited to take part in a research study.  Before you decide it is important for 

you to understand why the research is being done and what it will involve.  Please take time 

to read the following information carefully and discuss it with others if you wish.  Please 

get in touch with us if there is anything that is not clear or if you would like more 

information.  Take time to decide whether or not you wish to take part.  

 

What is the purpose of the study? 

Whilst MND is a serious illness and causes considerable distress to those it affects, there 

has been little research examining how common feelings of anxiety and low mood might be 

amongst people with MND. It is hoped that the current study will inform clinical practice 

and care in the future. 

 

Why have I been chosen? 

We believe this is a suitable study for you, if you would like to take part. We will be 

contacting a total of 225 MND patients over a 6 month period from King’s MND Care & 

Research Centre. 

 

Do I have to take part? 

It is up to you to decide whether or not to take part.  If you do decide to take part you will 

be given this information sheet to keep and be asked to fill in three questionnaires and a 

background information sheet. If you decide to take part you are still free to withdraw your 

responses at any time and without giving a reason.  A decision to withdraw at any time, or a 

decision not to take part, will not affect the standard of care you receive, now or in the 

future. 

What will happen to me if I take part? 

If you decide to take part, we would like you to complete an information sheet about 

yourself, and three brief questionnaires. The questionnaires all have instructions at the top 

of each form; please read these carefully before filling it in. We understand that some of the 

questions may seem quite personal or distressing to you. We would be most grateful if you 

could answer all the questions on the forms. Once you have completed a questionnaire 

please double check to make sure you have responded to every question. The 

questionnaires are described below: 
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BDI: White sheet with blue ink, double sided 

This questionnaire consists of 21 groups of statements. For each group of statements please 

circle the number next to one statement which best describes the way you have been feeling 

for the past week, including the day on which you fill in the form. If more than one 

statement seems to apply equally you can circle more than one.  

 

HADS: White sheet with black ink, single sided 

This questionnaire consists of 14 statements concerning how you have been feeling for the 

past week. For each statement, please tick one of the boxes underneath which most 

accurately describes how you have been feeling. 

 

STAI: White sheet with black ink, double sided 

This questionnaire consists of 40 statements, 20 on each side, concerning the way you feel. 

For each statement, please circle one of the numbers labelled 1-4 which most accurately 

describes the way you feel. On one side (Y-1) the questions relate to how you feel at the 

time you fill in the form. On the other side (Y-2) the questions relate to how you feel in 

general.  

 

What do I have to do? 

If you are unable to write you may need to ask for assistance in filling out the 

questionnaires. If you do not wish to do this please feel free not to participate and send back 

the blank forms so they can be reused.  

What are the possible disadvantages and risks of taking part? 

Whilst we do not anticipate any health risks from taking part in this study, you or your carer 

may find some of the questions distressing. If you are distressed by taking part in this study 

we will be able to refer you to a counsellor via your MND Care and Research Centre. Also, 

if we think that it may be of help to you we may contact you to discuss some of your 

responses. 

What are the possible benefits of taking part? 

There will be no direct benefit to you or your carer by taking part, and your results will not 

be revealed to you. However, it is hoped that this research will improve our knowledge 

relating to MND and may influence care practices in the future. 

What if something goes wrong? 

Whilst we do not anticipate anything bad happening to you as a result of taking part in this 

study, the normal National Health Service complaints mechanisms should be  available to 

you. 
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Will my taking part in this study be kept confidential? 

All information which is collected about you during the course of the research will be kept 

strictly confidential. Any information about you which leaves the hospital will have your 

name and address removed so that you cannot be recognised from it. You will be allocated 

an anonymous ID code once you have returned the forms which will be used in place of 

your name on any future publications. 

 

What will happen to the results of the research study? 

The results of the research will be published in a PhD thesis held at the Institute of 

Psychiatry and University of London libraries. Written articles will be submitted to peer-

reviewed scientific journals for distribution to other healthcare professionals. Talks and 

presentations may be made at MNDA meetings and conferences. In all cases, your name 

and personal details will not be identified. 

 

Who is organising and funding the research? 

The study is being funded as part of a larger project by the Motor Neurone Disease 

Association, UK. It is being organized in collaboration with Professor Nigel Leigh by Dr. 

Laura Goldstein and Dr. Sharon Abrahams 

 

Who has reviewed the study? 

This study has been granted ethics approval by the Institute of Psychiatry (119/04) 

 

Contact for Further Information 

If you wish to ask anything further then please contact Paul Wicks via the address below or 

on 020 7848 0715 (p.wicks@iop.kcl.ac.uk), or Dr Laura Goldstein on 020 7848 0242 

(l.goldstein@iop.kcl.ac.uk). 

 

Paul Wicks 

PO 78, Psychology 

Institute of Psychiatry 

De Crespigny Park 

London 

SE5 8AF 

 

Thank you for reading this information sheet. You may keep this copy for your records. If 

you have understood the contents of this information sheet and wish to take part, please 

complete the enclosed questionnaires and return them to us. If you have any questions 

please feel free to contact us to answer them. 
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Appendix 22 – Letter from Margaret Chambers re: 

Consent 
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Appendix 23 – Depression Project Demographic 

Variables Sheet 
Your Name:___________________ Gender (please circle): M / F 

      

Date of Birth:___/____/____  Today’s Date:___/____/____ 

 

Age:_____     

 

Years of full time education (including school, college, University, and adult 

education):_______ 

  

Handedness (please circle) : L / R    

 

Occupation:_____________________   

 

When did you first notice symptoms? (month & year): _________ 

 

In what part of your body did you first notice symptoms?:_______ 

 

What was the date of your diagnosis? (month & year):__________ 

 

Are you currently (please circle):  

Married or in a long term relationship? 

Single 

Divorced 

Widowed 

 

If a.) for how long have you been in this relationship?: ____________ 
 

Apart from MND, have you ever had any other neurological illness or injury? (e.g. 

Parkinson’s, severe head injury, MS) 

If yes, please describe: ___________________________________________ 

 

 
Have you ever been to see a GP or Psychiatrist about any mental health problems? (e.g. 

Depression, anxiety, schizoprehnia): If yes, please describe: 

_________________________________________________________________________

_________________________________________________ 

 

Please list your current medication (including vitamins) and their dosages 
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Appendix 24 – Data showing no differences 

between immediate responders and delayed 

responders in Depression Study 
 
 Sent Reminder Not Sent 

Reminder 

 (df) χ
2 

/ U /  

t, (df)  

 

p 

Gender M :F* 4 :4 40 :17 (1)=0.306 0.253 

Disease 

Duration, 

months (s.d.)† 

58.35 

(57.6) 

37.04 

(30.3) 

U=206.0 0.773 

Age 

(s.d.) 

n 

58.25 

(10.3) 

8 

59.48  

(8.9) 

48 

0.322 (63) 0.748 

BDI Mean 

(s.d.) 

n 

12.63 

(8.0) 

8 

12.26 

(8.4) 

48 

0.003 (62) 0.998 

HADS-D Mean 

(s.d.) 

n 

5.00 

(3.9) 

8 

5.69 

(3.6) 

48 

-0.134 (61) 0.894 

HADS-A Mean 

(s.d.) 

n 

6.63 

(6.5) 

8 

6.00 

(4.2) 

48 

0.674 (61) 0.503 

STAI-S Mean 

(s.d.) 

n 

39.0 

(17.1) 

8 

35.56 

(12.6) 

48 

-.0473) (59) 0.638 

STAI-T Mean 

(s.d.) 

n 

38.00 

(16.7) 

8 

36.31 

(12.6) 

48 

-0.229 (59) 0.819 

p values from Student’s T-Test except for *Pearson’s χ
2
 or 

†Mann-Whitney U-Test 
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Appendix 25 - Data Showing no Differences 

between MND Subtypes in Depression Prevalence 

Study 
 
 SALS FALS PMA PLS (df) χ

2 
/ U   

p 

N 58 2 2 3   

Gender, M :F* 40 :18 1 :1 1 :1 2 :1 (3)=0.617 0.893 

Age 

(s.d) 

58.95 

(9.6) 

56.5 

(9.2) 

49.0 

(0.0) 

65.33 

(10.3) 

(3)=1.471 0.689 

Disease 

Duration, 

months (s.d) 

41.92 

(36.5) 

25.97 

(1.9) 

62.72 

(20.1) 

79.08 

(69.0) 

(3)=4.488 0.213 

BDI Mean 

(s.d.) 

12.78 

(8.7) 

10.0 

(5.7) 

20.0 

(1.4) 

6.67 

(4.6) 

(3)=4.870 0.182 

HADS-D Mean 

(s.d.) 

5.96 

(3.8) 

2.50 

(2.1) 

8.50 

(3.5) 

3.50 

(5.0) 

(3)=3.428 0.330 

HADS-A Mean 

(s.d.) 

6.52 

(4.5) 

2.50 

(3.5) 

10.50 

(9.2) 

3.50 

(3.5) 

(3)=2.929 0.403 

STAI-S Mean 

(s.d.) 

36.65 

(13.9) 

35.0 

(9.9) 

49.50 

(23.3) 

33.0 

(8.9) 

(3)=1.318 0.725 

STAI-T Mean 

(s.d.) 

37.0 

(13.8) 

32.50 

(3.5) 

52.0 

(19.8) 

29.0 

(7.9) 

(3)=2.744 0.433 

p values from Kruskal-Wallis H-Test except for *Pearson’s χ
2
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Appendix 26 - Histograms Showing Bimodal / Non-

normal Distributions of Depression / Anxiety Scores 
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Appendix 27 - Dr. Martin Turner’s Patient 

Information Leaflet for PET study 
 
Information Sheet for Patients 
You will be given a copy of this Information Sheet and a signed Consent Form to keep 

A study of the brain in MND 

 

We would like to invite you to participate in a research project. You do not have to take 

part in this research if you do not wish to do so. Before you decide it is important for 

you to understand why the research is being done and what it will involve. Please take time 

to read the following information carefully and discuss it with friends, relatives and your 

GP if you wish. If you do decide to take part, please let us know in advance if you have 

been involved in any other study during the last year. 

 

Consumers for Ethics in Research (CERES) publish a leaflet entitled ‘Medical Research 

and You’. This leaflet gives more information about medical research and looks at some 

questions you may want to ask. A copy will be available for you to look at if you wish. 

Thank you for reading this. 

 

What is the purpose of the study? 
 

You are being asked to take part in a study investigating changes within the brain in motor 

neuron disease (MND). Although memory problems are very rare in MND, the brain is 

known to be involved in the process that ultimately leads to damage of the motor nerves. It 

may be possible for us to explain the different ways that MND develops, and why some 

patients’ disease progresses more slowly than others. We hope to be able to measure the 

level of damage to the motor nerves far more accurately than is possible by physical 

examination alone, and we may be able to pick up changes before any symptoms arise. It is 

hoped that this improved understanding of MND will ultimately lead to earlier diagnosis 

for patients, and new treatment possibilities. 

 

The study has several components, and will require you to attend up to four half-day 

sessions over the coming weeks if you agree to take part. We can provide transport, or we’ll 

refund the travel costs on each occasion instead, and a relative or friend can accompany you 

if you wish. 

 

Why have I been chosen? 

 

We are studying people like you who have already developed MND. Some of you are 

known to have the sort of MND that runs in the family, and this includes a group of patients 

who have been flown over from Scandinavia – this is because they share a genetic code 

which seems to make their disease progress more slowly, and we wish to understand more 

about how this happens. 
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We will study up to 30 patients who have no family history of MND, and up to 20 patients 

whose disease runs in the family. We will also study up to 50 healthy volunteers so that we 

can compare any differences we detect. Some of these volunteers (up to 20) will be related 

to MND patients whose disease runs in the family. Although these people do not have the 

disease, they may or may not be carriers of a gene that we wish to understand more about. 

 

Do I have to take part? 

 

It is up to you to decide whether or not to take part. If you do decide to take part you will be 

given this information sheet to keep and be asked to sign a consent form. If you decide to 

take part you are still free to withdraw at any time and without giving a reason. This will 

not affect the standard of care you receive. 

 

What will happen to me if I take part? 

 

Before the tests begin you will have a brief physical examination, but this will not require 

you to undress fully. The study has two components – some brain scans and nerve 

stimulation tests. After each of the sessions a taxi can be arranged to take you home if 

necessary. Any other travel expenses (car mileage, train etc.) will be refunded to you by 

cheque. 

 

1. Scanning: 

 

The study involves two types of scan – positron emission tomography (PET) and magnetic 

resonance imaging (MRI). We would like to use the PET scanner to investigate two things: 

 

a. Whether regions outside the movement control centres of the brain are involved in 

MND. 

b. Whether inflammation can be seen within the brain in MND and, if so, how it relates to 

disability. 

 

The full study involves two separate PET scans. We also require you to have one short MRI 

scan to allow us to locate the areas of the brain that are affected. It will not be possible to 

do all the scans on the same day. Each PET scan requires the injection of a small amount of 

a chemical called a “tracer”. These tracers are labelled with a very low dose of radioactivity 

so that they show up on the scanner’s camera.  

The tracers used to look at regions of the brain outside the movement control centres are 

called flumazenil and WAY100635. The one used to look at inflammation is called 

PK11195. 

You will be asked to come up to the Medical Research Council Cyclotron Building at the 

Hammersmith Hospital for the PET scanning. Professor David Brooks (Consultant 

Neurologist) runs this programme. Once at the Cyclotron Building, a small ‘drip’ needle 

will be put into a vein in your arm each time to allow us to give the tracer. For one of the 

PET scans (flumazenil) only we also need to position a small 'drip' needle into the artery at 

your wrist, so that we can monitor the amount of the tracer in your blood painlessly during 

scanning. We will give you a temporary local anaesthetic injection under the skin before 

this latter procedure - this causes a stinging sensation for several seconds before it becomes 

numb. 

 



 375 

You will then lie down comfortably on a couch in a darkened room and we shall proceed to 

scan your head. It is important that you remain as still as possible for the duration of the 

scan, and so this study is not suitable for those who cannot tolerate lying flat on their backs 

for any reason. The flumazenil and WAY100635 scans take about 90 minutes each, and the 

PK11195 scan about 60 minutes. There is no discomfort or noise associated with the actual 

scanning. 

 

A magnetic resonance imaging (MRI) scan is an essential part of the study as it allows us to 

interpret and locate the changes we see on the PET scan. It will be done on either the King's 

College Hospital site or in another area of the Hammersmith Hospital, and takes about 30 

minutes. The MRI scan will be noisy (a clanking metal sound), but you will be given 

earplugs for this. There is otherwise no discomfort associated with MRI scanning. Inside 

the scanner there is a microphone so that you can talk to the radiographer any time you like. 

 

At the end of the scanning any ‘drips’ will be removed and you may leave immediately. 

 

2. Nerve stimulation tests: 

 

One of the theories about why motor nerves become damaged in MND concerns the 

presence of excess ‘glutamate’ - a chemical messenger in the brain. We think that excess 

exposure of the motor neurons to glutamate may lead to damage. 

 

We can investigate this using a technique called transcranial magnetic stimulation (TMS) - 

this is not the same as the muscle test, or EMG, you may have had already. In TMS a 

harmless magnetic pulse is applied over your head to the brain region sending motor 

pathways to the hand. By varying the strength of the pulse applied we can painlessly 

measure the effect it has in the muscles of your hand on each side using sticky pads on the 

overlying skin. At the higher levels of stimulation you may be aware of a slight 'twitch' in 

your hand muscles but there is otherwise no discomfort. The procedure should not take 

more than about an hour and will be done at the King's College Hospital site under the 

guidance of Professor Kerry Mills (Consultant Neurophysiologist). 

 

 

What do I have to do? 

 

You should let Dr. Turner (the study organiser) know if you have any other medical 

conditions before you take part. We have decided not to study people with significant pre-

existing medical conditions such as heart, kidney or liver disease, or anyone under the age 

of 35 or over 75. You should also let Dr. Turner know if you have any metal implants or a 

history of epilepsy. 

 

We are not going to study any pregnant or breastfeeding women. Women who are at risk of 

pregnancy will be asked to have a pregnancy test before each PET scan to exclude the 

possibility of pregnancy. We would ask you to abstain from alcohol and tobacco two days 

prior to each PET scan if possible, as this can affect the results. More importantly, we 

require you to abstain from any medication that might affect the test results for a full week 

prior to each study session. The study organiser will advise which medications should be 

temporarily stopped - this will not include any that might cause you harm if stopped 

abruptly. 
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Riluzole is one particular medication that might interfere with the test results, because of 

the way this drug works. We do not anticipate there will be any detrimental effects from 

temporarily stopping it for this study. However, if you have any concerns about this (or any 

other) aspect of the study you should ask and we will be happy to answer any questions. 

 

What are the possible disadvantages and risks of taking part? 

 

The PET scan involves the use of low-dose radiation, of a similar type to when an X-ray is 

taken. All UK and European residents are exposed to low levels of radiation that come from 

the natural environment. In having both PET scans, you will be exposed to about one and a 

half times the background dose of radiation we are all exposed to each year from natural 

sources. This level has been fully approved by The Department of Health’s Administration 

of Radioactive Substances Advisory Committee (ARSAC), who set the safety limits for 

such studies. The actual doses of the tracer chemicals are extremely small and will not 

cause you to feel any effects at the time of the scan or afterwards. 

 

In theory the insertion of a small needle into an artery, which we do for one of the PET 

scans (flumazenil), could interfere with the blood supply to the hand. However, in practice 

over many years of doing this procedure this has never been a problem. 

 

MRI does not involve any radioactivity, but because of the strong magnetic field involved, 

you may not have an MRI scan if you have any metal in your body e.g. a pacemaker, a 

brain aneurysm clip, a cochlear implant in your ear or any metal fragments in your body or 

eye from a previous injury. During the MRI scan, if you feel slightly fearful at being in an 

enclosed space we can play the music of your choice for you - a lot of people find this helps 

them to relax. The PET scanner is not so enclosed, but music is also available should you 

want it. While you are lying on the scanners, the person conducting the study will be on the 

other side of the screen to make sure everything runs smoothly. There is a small possibility 

that the MRI scan might pick up an abnormality in your brain unrelated to your condition, 

even though you do not have any symptoms.  

If any unexpected abnormality is found on your scan, this will be discussed with you and a 

Consultant Neurologist, and your GP will be contacted. Patients with a history of epilepsy 

or brain surgery should not have the magnetic stimulation (TMS) test because of a very 

small theoretical risk of inducing a seizure. You should also let the study organiser know if 

you have any sort of metal implant e.g. pacemaker - if so you should not undergo this part 

of the study. 

 

What are the possible benefits of taking part? 

 

There will be no immediate or direct benefits to you by taking part in this study, but our 

hope is that studies like this will lead to a better understanding of the disease, and 

ultimately new treatment possibilities. 

 

What if something goes wrong? 

 

In the very unlikely event of your suffering any adverse effects as a consequence of your 

participation in this study, you will be compensated through the Imperial College School of 

Medicine’s “No Fault” Compensation Scheme. 
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Will my taking part in this study be kept confidential? 

 

All information that is collected about you during the course of the research will be kept 

strictly confidential. Any information about you which leaves the hospital will have your 

name and address removed so that you cannot be recognised from it. 

Your GP will be sent a similar information sheet and told of your involvement in this study 

if you decide to take part. 

 

What will happen to the results of the research study? 

 

It is very important that you are aware that your individual results from the actual 

scans/tests involved in this study will not be revealed to you. However, we do anticipate 

that overall group conclusions will be published in relevant medical journals read by 

international experts in MND, and presented at international conferences for doctors 

working in neurological research. Individuals will not be identified in any such 

publications/presentations. 

 

All of the patients and healthy relatives whose MND runs in the family will already have 

given their blood as part of other research projects, and this will have been tested with their 

full consent for the gene involved in MND that we wish to study. This one gene alone 

accounts for only a small fraction of MND cases and having it does not make it certain they 

will develop the disease, so that it is not a “genetic test for MND” as such. However, 

official procedures and trained staff are in place for genetic counselling should patients 

want to know their genetic result. This counselling will normally have been given before 

and after the blood was donated, but will be offered again to all participants as part of this 

study if they wish. 

 

It is theoretically possible that certain symptoms or findings on physical examination might 

be suggestive of MND, particularly in those people where the disease runs in the family. If 

this situation were to arise we would discuss the implications of any symptoms or 

physical findings with the individual, and send their GP a full report so that they 

could be investigated further if they wished. 

 

You should be aware that there is a possibility that the methods used in this study may 

produce an unexpected result that may have relevance for your health. In the unlikely event 

of this happening we will discuss this with you and, if necessary, provide any support you 

may require, such as arranging follow-up tests and/or treatment. 

 

Results obtained from this study need to be matched with the person having the test in 

order to place them in the appropriate group for analysis. However, each person will be 

assigned a ‘code’ and their results stored on computer using this code rather than their 

name. In this way it will not be possible for anyone to tell by simply looking which results 

belong to which people. These computer files can, in addition, only be accessed by 

medically qualified doctors involved in the study via password. Only Dr. Turner, Professor 

Leigh or Dr. Shaw (and Professor Andersen for the Scandinavian patients) will know the 

‘code’ that reveals which results belong to which patients, and this will be stored securely 

at a single separate site. 



 378 

 

Any results subsequently published in medical journals would, as always, remain 

completely anonymous so that it would not be possible to recognise any individual's 

personal results. 

 

Who is organising and funding the research? 

 

This study has been organised by Dr. Martin Turner who qualified in Medicine from 

Cambridge University and St. George’s Hospital Medical School, London in 1995. He is 

now a Research Fellow in Neurology at King’s College London, under the supervision of 

Professors Nigel Leigh and David Brooks (both Consultant Neurologists). 

 

The study is funded by a personal Fellowship Award to Dr. Turner from The Wellcome 

Trust – the largest medical charity in the world. 

 

Who has reviewed the study? 

 

Every aspect of the study has been reviewed and approved by the Research Ethics 

Committees for the Hammersmith Hospital NHS Trust, King’s Healthcare NHS Trust and 

the Institute of Psychiatry. 

Contact for Further Information 

 

We would encourage you to ask anything further you wish to know about any aspect of the 

study. Dr. Martin Turner (Research Fellow) can be contacted on 020 7848 5172, Professor 

Nigel Leigh (Principal Investigator) on 020 7848 5187, and Professor David Brooks (Co-

Investigator) on 020 8383 3172. 

 

Thank you again for reading this. 

 

The local Research Ethics Committee has approved the above statement. 
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Appendix 28 - Dr. Martin Turner’s Consent Sheet for PET Study 
Participant Consent Form 

 

Title of project: 

 

A study of brain function in MND 
 

The participant should complete the whole of this sheet him or herself. 
 

(please tick each statement if it applies to you) 

 

 

I have read the Information Sheet for Patients/Healthy Volunteers 

(Delete as applicable) 
 

I have been given the opportunity to ask questions and 

discuss this study. 

 
I have received answers to all my questions. 

 

I have received information about the study. 

 

The study has been explained to me by: 

Prof/Dr/Mr/Mrs/Ms_______________________________________ 

 

I understand that I am free to withdraw from 

the study at any time, without having to give a reason for 

withdrawing and without affecting my future medical care. 

 

I understand that I will not be told my individual results from 

any of the scans/tests in this study. 

 

I agree to take part in this study. 

 

 

Signed..............................................................................Date................................. 

 

(NAME IN BLOCK 

CAPITALS).............................................................................................…………….. 

 

 

Investigator’s signature....................................................Date:.............................. 

 

(NAME IN BLOCK  

CAPITALS)........................................................……………………......................... 
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Appendix 29 - Recruitment of Control Participants 
 

In the current study, a group of control participants were recruited who were to be closely 

matched with the MND patient groups.  

 

The inclusion / exclusion criteria were:  

Aged 35-75, right handed, no current medical conditions that might affect cognitive 

function, and not a first-degree relative of someone with MND (in case of undiagnosed 

Familial MND). 

 

Initially, letters were sent to voluntary organisations from a directory produced by 

Southwark Action for Voluntary Organisations (SAVO). This included volunteer groups in 

the local area. Posters such as those shown in Appendix 4 were posted in the Dulwich 

branch of Sainbury’s, as well as churches, bookshops, and libraries throughout Camberwell 

and Herne Hill. In order to recruit as inclusive a group as possible, letters were also sent to 

fire stations, British Legion clubs, and lunch clubs for older adults around South London.  

 

During testing, patients with MND were also asked if they had any friends or non-blood 

relatives who might be willing to take part. One patient in particular was able to provide 

three male participants from manual professions whose demographic characteristics helped 

to more closely resemble those of our patients. In addition, the author gave talks on 

advances in research to branches of the MND Association in Hampshire, Reading, 

Southampton, Sussex, West Kent, and West London. At the end of each talk the author 

provided his contact details for potential volunteers to get in touch and wrote short ads to 

place in the branch newsletters. A similar ad was also placed in the MNDA’s internal 

branch newsletter, “The News”. Finally, an advert was placed in the volunteer section of 

the London-based “Metro” newspaper. 

 

A small number of participants had been recruited by other researchers at the IOP who had 

said they would like to take part in other studies. These were either referred on directly or 

were placed in a “Subject pool” folder. 

 

Despite being one of the rarest known medical conditions, it required considerably less 

effort to identify patients with rare forms of MND than healthy people with similar 

characteristics. On the basis of the difficulties encountered with recruitment of healthy 

control participants, the author has initiated a centralised database of research volunteers at 

the Institute of Psychiatry called “PsychPop” (www.psychpop.net). It is hoped that this 

system will reduce the burden of recruiting control participants for future researchers 

investigating mental illness and brain disease. 

 


