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Summary
Multimorbidity is recognised internationally as having a serious impact
on health outcomes. This thesis aimed to assess the relationships
between multimorbidity, physical activity and physical function in order
to inform the development and feasibility testing of an appropriate
intervention for patients with multimorbidity in primary care. Phase 1
and 2 of the Medical Research Council framework were utilised to guide
this research. This thesis comprises three discrete studies; (i) a
systematic review, (ii) a prospective cohort study and (iii) an
intervention development and feasibility study.
The first study, a systematic review, was designed to examine the
association between multimorbidity and functional decline. A total of
thirty-seven studies were eligible for inclusion (twenty-eight crosssectional studies and nine cohort studies). The majority of studies
(n=31) demonstrated a consistent association between multimorbidity
and functional decline. Twelve cross-sectional studies and five cohort
studies reported that increasing numbers of conditions were associated
with worsening functional decline. A search update conducted for this
thesis identified thirteen further studies but synthesis of these studies
did not change the original systematic review findings. The available
evidence indicates that there is a longitudinal association between
multimorbidity and future functional decline, which in turn can lead to
worse health outcomes.
The second study carried out regression analysis using The Irish
Longitudinal Study on Ageing and included participants >50 years with
and without multimorbidity over a two year period. Gait speed and grip
strength both demonstrated a significant association in those with and
without multimorbidity at baseline. Faster gait speed and stronger grip
strength was demonstrated to reduce the likelihood of developing new
condition/s. Although not statistically significant, increased physical
15

activity levels appeared to be associated with a lower risk of developing
multimorbidity.
The results of studies one and two along with current best evidence
identified in the literature review informed study three. The aim of this
third study was to determine the feasibility of an inter-agency physical
activity and education programme for patients with multimorbidity in
primary care. This programme took place in two Leisure Centres in
Dublin.

Six

sessions

were

facilitated

by

a

HSE

primary

care

physiotherapist and a Dublin Council fitness instructor and incorporated
both exercise and education components. Both subjective and objective
outcome

measures

demonstrated

improvements

and

qualitative

analysis indicated that the design of the intervention was appropriate
and acceptable. Qualitative themes identified were related to increased
confidence and energy and a novel approach to primary care
physiotherapy delivery.
This thesis demonstrates that physical function is a risk factor for the
development of multimorbidity and multimorbidity is associated with
functional decline as a health outcome over time. The feasibility study
highlights the potential impact of a physical activity and education
intervention on multimorbidity and supports progression to a pilot
randomised controlled trial.
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Chapter 1: Introduction
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1.1

Overview

This thesis is focused on identifying the impact and association of
physical activity, physical function and multimorbidity in order to
develop an appropriate intervention for patients with multiple chronic
conditions. The aims of this thesis are threefold: to examine the
association between multimorbidity and functional decline; to identify
the impact of physical activity and physical function on the
development of multiple chronic conditions and lastly using the results
from the first two studies to inform the development and feasibility of
an exercise and education programme to improve physical activity and
function for adults with multimorbidity. Each of these aims is addressed
in a separate study. Chapter 1 will briefly describe the background to
this thesis and why research around physical activity and
multimorbidity is of importance and discuss the relevance of this thesis
in relation to population health and health services research in Ireland.
The Chapter concludes with an outline of the thesis structure and thesis
aims.
1.2

Background and Context

The ageing population worldwide has been deemed one of the great
achievements of the 20th century.(1) Between 2015 and 2030, the
number of people aged >60 years are projected to grow by 56%, from
901 million to 1.4billion worldwide.(2) The primary reason for
population ageing is fertility decline however the increase in longevity is
a significant contributing factor.(2) Virtually every country in the world
is experiencing growth in the number and proportion of older persons in
their population. In developed countries adults at age 60 can expect to
live another 20 -25 years and will have several consultations with their
GP each year.(2) The international increase in longevity is an indicator
of economic and social progress and a great triumph of science and
public policy.(1) However, there is little doubt that the dramatic change
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in demographics will have profound implications for all sectors of
society especially the healthcare sector.
An ageing population compounded by an increase in modifiable risk
factors such as physical inactivity, smoking status and unhealthy diet
will in turn increase the incidence and prevalence of chronic conditions
worldwide. The economic impact of chronic diseases amounts to billions
of Euro per year.(3) The World Health Organisation (WHO) has
identified the prevention and management of chronic diseases as a top
health priority.(4) Nevertheless, European governments currently
spend on average 2.8% of their health sector budget on preventative
health care.(5) Ireland lags behind this European average with an
estimated 1% of total health care expenditure (including both public
and private) being allocated to preventative healthcare in 2013.(6)
Over the past century chronic diseases have replaced infectious
diseases as the leading health care burden and the majority of chronic
illnesses are strongly associated with ageing.(7) Chronic diseases are
also known as non-communicable diseases and are responsible for 70%
(40 million) of deaths globally each year with cardiovascular diseases,
cancers, respiratory diseases and diabetes accounting for 80% of noncommunicable disease deaths in that order.(8) The WHO has also
acknowledged the prospective increase in demand for primary health
care services and long-term care along with the associated necessary
workforces.(9) The difficult challenge facing both policy makers and
health care professionals both nationally and internationally is the
maintenance of health related quality of life in an ageing population
along with managing the increasing numbers of people living with
chronic disease.(10) With the average life expectancy rising, so too are
the numbers of patients living with multiple chronic medical conditions.
(11, 12) Providing healthcare for the growing numbers of patients living
with multiple co-existing diseases has been identified as one of the
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main challenges facing both healthcare providers and governments
globally.(4)
1.2.1

Irish healthcare system context

In the Republic of Ireland there were a total of 535,393 people aged 65
or older living in 2011, representing 11.6% of the total population.(13)
By 2041, it is estimated that this number will rise to 1.4 million people,
accounting for 22% of the total population.(13) In Ireland’s 2016
Census, 37.2% of the population were 45 years or older compared to
34.4% in 2011 and 27.6% in 1986. Furthermore, those aged 65 years
and over increased by 102,174 to 637,567 (19.1%) in 2016.(14) This
represents a substantial change in population demographics with
increased numbers living with chronic diseases and will result in
considerable capacity and financial pressure for health services.
Pillinger (15) has highlighted how Ireland’s current health care system
structure is unable to meet the country’s needs now and in the future.
The author highlights barriers such as historical funding, growing
healthcare deficits and privatisation as the systems underlying
problems.(15) Taking into account that it has been estimated that
chronic conditions account for 80% of primary care consultations (15)
and the prospective increased population living with chronic diseases,
primary care services need prioritisation and support. The key features
of the Irish healthcare system are highlighted in Table 1.1.
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Table 1.1 Key features of the Irish healthcare system

x In Ireland healthcare is provided by both private and public systems
/sectors.
x The public health care system is government funded and overseen
by a single national body, the Health Service Executive (HSE).
x The HSE was established in 2005 with a main aim to make the
system more primary and community care driven, backed up by
improved access to its specialist, acute and long-stay services.(16)
x Primary health care is not universally free at the point of delivery. It
is provided through a mixture of public and private funding. The
public provision is through the Primary Care Reimbursement Scheme
(PCRS), which is means tested and covers approximately 35% of the
population.(17) Patients not eligible for this scheme pay
approximately €55 per visit with their General Practitioner.
x Primary care in Ireland is multi-disciplinary team-based. Services
are provided by General Practitioners, public health and practice
nurses, allied health professionals and pharmacists. This model of
care is supported by the government but not yet fully
implemented.(17)
x Currently those who can pay for health insurance or access to
private care have reduced wait times for treatment in the secondary
care sector.

The HSE published a report : Planning for Health: Trends and Priorities
to Inform Health Service Planning (2017) which was designed to
support service planning in the health service in Ireland.(3) The authors
recognise that primary care development is pivotal to health system
reform in Ireland. The HSE has also acknowledged that the integration
of health and social services is an effective way to care for people’s
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medical conditions also taking into account activities of daily living and
this integration in turn may help slow the deterioration of diseases.(3)
Prevention and Management of Chronic Disease is one of the five
integrated care programmes established by the HSE where they aim to
identify clinical and social care pathways and integrated funding models
to ensure patients with chronic diseases get the best treatment and
care.(3) Chronic disease research remains an important priority so that
concrete evidence can support Irish policy maker’s decisions and best
manage the inevitable economic impact of the ageing population.

1.3

Multimorbidity

Traditionally chronic disease management has had a single disease
focus, treating each condition independent of other conditions present
with little attention to overlap or common areas in treatment
approaches. The concept of multimorbidity arose in the context of an
increasingly limited focus on single diseases and as means of
highlighting the need for generalism in the management of people,
rather than conditions.(18) The idea of multiple chronic conditions coexisting was first discussed in the literature in 1970 when in a seminal
paper by Feinstein where he first introduced the term comorbidity.(19)
He opened his paper with the following:
“Although patients with more than one diagnosed disease are
frequently encountered in modern medical practice, the
interrelationships and effects of multiple diseases have not received
suitable taxonomic attention in clinical science”.
Thirty-eight years later, in 2008, the WHO defined multimorbidity as
‘being affected by two or more chronic health conditions’ (20)
Chronic diseases are long-lasting conditions that over time often
advance in severity, leading to negative outcomes and declines in
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health and functional status.(21) With the large increase in chronic
conditions predicted, it is important to understand multimorbidity,
particularly in how it affects the older population.(22) It has been
proposed by Boyd and Fortin (22) that the fundamental approach of
treating patients with multimorbidity needs to be patient-centred rather
than focused towards separate conditions.(22) The authors
acknowledge that learning how best to deliver this care remains a huge
challenge for health care professionals, researchers and policy makers.
(22)
Technological progress, such as new methods of data monitoring,
innovation in lab tests and self-care tools, advancements in medical
care and public health policies have all resulted in a growing proportion
of patients with multimorbidity.(23) Despite its prevalence and
prospective increase in prevalence multimorbidity remains underconsidered by health systems.(10) The issues around definition,
prevalence and negative health outcomes associated with
multimorbidity will be discussed further in Chapter 2 (Section 2.3 -2.7).

1.4 Physical Activity
The value of physical activity for health has been debated and
considered for centuries with Hippocrates first stating in around 400
BC, ‘Walking is man’s best medicine’. Epidemiological studies
commenced in earnest in the 1950’s led by Professor Jerry Morris who
completed the first detailed studies investigating physical inactivity and
chronic disease risk.(24) The following sixty years has produced vast
amounts of evidence demonstrating the many benefits of physical
activity. It is important to clarify what is meant by physical activity, as
the term encompasses many concepts. Physical activity has been
defined as any bodily movement produced by skeletal muscles that
results in energy expenditure.(25) In turn physical activity can be
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categorised on the basis of context or setting, this can include leisuretime or recreational physical activity e.g. sport or exercise along with
transportation activity and occupational activity. Exercise is commonly
defined as planned, structured, and repetitive movement with the
intention of promoting or maintaining one or more components of
physical fitness.(26) Physical activity and exercise can both be
quantified according to intensity (how hard?), duration (how
long?), frequency (how often?), and mode (or type), such as walking,
running, cycling etc. (27)
With the expected change in population demographics the focus of
policy makers and health care professionals will be to ensure people
can work and be active for as long as possible. Physical activity can and
will play an integral part in this aim with governments and nongovernmental organisations worldwide publishing reports and strategies
on physical activity.(13, 25, 28-31) A main feature of most physical
activity strategies is to modify unhealthy lifestyle habits and promote
awareness of the benefits of physical activity. They also aim to highlight
physical inactivity or sedentary behaviour which has been defined as
‘any waking activity characterised by an energy expenditure ≤ 1.5
metabolic equivalents and a sitting or reclining posture’.(32)
The importance of physical activity and exercise for maintaining good
physical and mental health has been well researched and documented.
However, the majority of adults worldwide are not active enough to
achieve the health benefits and reduce the risk of chronic disease with
globally one in four not achieving the recommended physical activity
guidelines.(25, 33) The current recommendations for physical activity
for all adults (including > 65 years) is 30 minutes moderate intensity
activity on 5 days per week minimum or 150mins moderate intensity
exercise per week.(25, 34) The total duration can accumulate across
multiple sessions lasting in bouts of at least 10 mins each.(25) In
addition those > 65 years should add muscle strengthening and
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balance exercises twice week in order to reduce their falls risk.(25) It
has been debated in the literature whether the guidelines for physical
activity in those sixty-five years and older need to be reviewed to make
them more feasible and applicable.(35) The research has reported that
some of the greatest health gains are achieved by improving the
physical activity levels of the most sedentary people not those who do
moderate or vigorous activity.(35)
The WHO has highlighted the importance of increasing physical activity
and reducing sedentary time to promote good health and prevent
chronic disease.(25) Physical inactivity (insufficient physical activity)
has been identified as the fourth leading risk factor, after high blood
pressure, tobacco use and high blood glucose, for global mortality
causing an estimated 3.2 million deaths globally and the WHO has a
target of a 10% reduction in physical inactivity by 2025.(25, 36) The
prevalence of insufficient physical activity varies between men and
women and region of the world studied.(4) The estimated economic
benefits of increasing physical activity levels are substantial. An
Australian report published in 2007 estimated if Australian people
became more active for 30 minutes per day, it could save AUS1.5
billion (€815 million) a year in costs linked with coronary heart disease,
stroke, type 2 diabetes, breast cancer, colon cancer, depression and
falls.(37) Notably, it has been reported that older adults, the most
rapidly growing age group, are the least physically active and generate
the highest health expenditure.(38)
It has been recognised that most people understand that physical
activity is beneficial however, many do not realise how valuable it is
and face barriers to becoming active.(29) People experiencing social or
economic disadvantage are often the least active or the most sedentary
and may face other health risks due to their social connectedness, diets
or other behaviours.(29) In Ireland the Department of Health
acknowledged in their Physical Activity Plan published in 2016, that
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targeted physical activity interventions are required as part of the
actions to improve the health and wellbeing of all citizens.(29) Physical
activity interventions along with multimorbidity and physical activity will
be discussed in detail in Chapter 2 (Section 2.10 and section 2.12).
1.4.1

Physical activity and chronic disease

Physical activity has been identified to strongly reduce the risk of
developing numerous chronic diseases: coronary heart disease; Stroke;
Type 2 Diabetes; Depression; breast and colon cancer and high blood
pressure.(25, 39) Particularly for older adults the benefits include
functional independence, reduced risk of falls and fractures along with
protection from age related diseases.(36) Despite this evidence, as
discussed in Section 1.4, the majority of populations worldwide still do
not meet physical activity recommendations.(40) Chronic diseases and
conditions refer to those with long duration and generally slow
progression that are considered largely irreversible and persistent
through adulthood.(41, 42) A considerable amount of evidence
supports exercise as a treatment option for the management of a
number of chronic diseases(43) with the promotion of physical activity
being extensively supported in published literature.(43, 44) Regular
physical activity along with supporting the primary and secondary
prevention of a wide range of chronic diseases improves quality of life
and is associated with a reduction in the risk of premature death.(4446)
In 2012, The Lancet published a series of papers focusing on Physical
Activity and reported that physical inactivity is as important a
modifiable risk factor for chronic diseases as obesity and tobacco.(40)
In 2016, they presented an update of the research on physical activity
and included the joint health effects of sedentary behaviour and
physical activity. One of the papers in the 2016 series identified that
physical activity can attenuate the association between sitting time and
mortality.(47) However, the focus of the paper was on moderate to
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high levels of physical activity which the majority of adults are not
achieving worldwide thus the results are less applicable to real life
examples.
Overall the evidence for physical activity and exercise and the
associated health benefits is strong and physical activity has been
suggested to play an important role in the maintenance of physical
function and prevention of chronic disease.(48) Exercise programmes
promote physical and mental health in different populations and all
ages.(25) The National Institute for Health and Care Excellence (NICE)
recommends structured exercise programmes in the management of
and for rehabilitation after certain health conditions, including:
myocardial infarction, stroke, chronic obstructive pulmonary disease,
chronic heart failure, depression, low back pain and chronic fatigue
syndrome. Exercise referral schemes will be discussed in the following
section.
1.4.2

Exercise referral schemes

Exercise referral schemes are a common model of physical activity
promotion in primary care.(49) The general premise being a general
practitioner or nurse gives an exercise prescription to the patient and
he/she is referred to a qualified exercise professional which typically
takes place in a leisure centre.(49) A systematic review of exercisereferral schemes reported that they can result in a significant increase
in the numbers of sedentary people becoming moderately active
however, one study highlighted the absolute risk reduction was small
with 17 sedentary people needing to be referred in order for one to
become moderately active.(50) The included qualitative studies
identified barriers to participation such as self-efficacy, poor time
management and lack of social support as well as exercise scheme
barriers such as intimidating environments and inadequate supervision.
(50)
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In Ireland the Health Service Executive (HSE) commenced a general
practice exercise referral scheme in 2010. The aim of the scheme was
to help physically inactive adults become more active through the
provision of a patient led pathway of specialist support.(51) Patients
were referred by their GP to a 12-week exercise programme held in
local leisure facilities run by qualified coaches who have completed the
HSE National Training Course.(52) There was a cost incurred for the
patient which was determined by the facility attended and secondary to
the large variety of facilities involved no standardised cost was
determined.(51) Due to lack of buy in from key stakeholders the
programme was dissolved and a review of the scheme published in
2014 highlighted the need for a new National Exercise Referral
Framework (NERF).(52) In October 2016, the HSE Healthy Eating &
Active Living Policy Priority Programme set up a NERF pre-development
group to review the evidence for exercise referral, this group’s work is
ongoing.

1.5 Physical function
Physical function is distinct from physical activity and has been defined
as the ability to mobilise and perform basic tasks.(53) However,
physical activity and physical function can be interrelated with routine
physical activity reported to be a determinant of physical function
performance in older adults.(54) Poor physical functioning is linked to
adverse health outcomes and has been classified differently by various
conceptual models.(53) It has been estimated that approximately 25%
of persons with chronic illness have some limitation in activity and the
percent of persons with disability increases with increasing numbers of
coexisting conditions.(55) Functional decline can reflect deterioration in
physical function over time. It can indicate a change in functional
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status, from being independent or partially dependent to becoming
partially or totally dependent.(56)
There are different concepts around physical function with three
predominant models. The WHO’s International Classification of
Functioning, Disability and Health (ICF) is a framework for describing
and organising information on functioning and disability.(57) The ICF
describes that a reduction in functioning and disability can be
associated with underlying health conditions along with personal and
environmental factors.(57, 58) The Nagi model describes a pathway
which moves from pathology to impairments leading to functional
impairments and subsequent disability.(59) The National Health and
Aging Trends Study (NHATS) have also developed a model which aims
to be a bridge between the ICF and Nagi models. Irrespective of model
used, each one recognises physical function as the physical ability to
perform activities of daily living (ADLs), instrumental ADLs (IADLs), and
discretionary activities which if impaired can negatively affect quality of
life.(53) It has been hypothesised that exercise programmes can
improve strength and physical function in older adults and may
consequently improve health-related quality of life.(60)
Table 1.2 includes a summary of the definitions for concepts discussed
and investigated in this thesis. The relationships between physical
function and multimorbidity along with physical activity and
multimorbidity will be discussed further in Chapter 2 (Section 2.8 and
Section 2.9).
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Table 1.2 Definitions of concepts included in thesis

Concept

Definition

Physical Activity

Any bodily movement produced by
skeletal muscles that results in
energy expenditure; this can
include leisure-time or recreational
physical activity e.g. sport or
transportation activity

Exercise

Planned, structured, and repetitive
movement with the intention of
promoting or maintaining one or
more components of physical
fitness

Physical Function

The ability to mobilise and perform
basic tasks

Functional Decline

A deterioration in self-care skills,
where functional autonomy is
diminished and disability is
increased. Often measured by a
reduction in ability to perform selfcare activities of daily living (ADL)
and instrumental activities of daily
living (IADLs)

1.6 Thesis Aims and objectives
As stated in Section 1.1 the aims of this thesis are threefold: to
examine the association between multimorbidity and functional decline;
to identify the impact of physical activity and physical function on the
development of multiple chronic conditions and lastly using the results
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from the first two studies to inform the development and feasibility of
an exercise and education programme to improve physical activity and
function for adults with multimorbidity.
There are four main objectives:
1. To conduct a systematic review to identify the association between
multimorbidity and functional decline (Study 1)
2. To determine if there is a longitudinal association between levels of
physical activity and function on the development of multimorbidity
(Study 2)
3. To determine if there is a longitudinal association between levels of
physical activity and function and worsening of multimorbidity in
multimorbid patients (Study 2)
4. To develop and assess the feasibility of an exploratory physical
activity and education intervention for patients with multimorbidity
in the community (Study 3)
The aims and objectives will be expanded upon for each individual
study within the thesis.

1.7 Framework for Thesis
It was important to identify a framework which would support all
aspects and objectives of this thesis including the design of a physical
activity and education intervention for patients with multimorbidity. In
addition to identifying the evidence base around physical activity and
physical function and multimorbidity, it was recognised that designing
an intervention for patients with multimorbidity requires the
consideration of several factors. Firstly, age, gender, living
arrangements and socioeconomic status need to be taken into account.
Second, the severity and impact of the patient’s chronic conditions
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along with the burden of engaging with treatments needs thought. It is
important to consider how the patient functions in terms of managing
their day to day activities and their mobility, and their belief and
confidence around physical activity. Parallel to these issues, is the
patient’s access to and use of health services, and the quality of care
received.
Taking into consideration the above factors the intervention will be
complex in nature and the framework which best supports the aims and
objectives of this thesis is the Medical Research Council (MRC) MRC
Framework for the Development and Evaluation of RCTs for Complex
Interventions to Improve Health.(61) This framework was established
in 2000, updated in 2008 and designed to help researchers identify the
best methods along with the challenges that arise in the design and
evaluation of complex interventions. Complex interventions are
described as interventions which contain several interacting
components, which may act both inter-dependently and
independently.(61) They generally have a number of outcomes, have a
degree of flexibility in the intervention, there can be a number of
groups or organisations targeted and there can be a number of
behaviours required by those delivering or receiving the
intervention.(61) The framework is divided into four phases which may
or may not occur sequentially. The MRC framework Phase 1 and Phase
2 was used to guide this research (Figure 1.1).

37

Figure 1.1 Phases of the MRC Framework
1.8 Thesis outline
This thesis is presented in six Chapters. Chapter 2 presents a literature
review of current research relating to multimorbidity, and physical
function and physical activity in relation to multimorbidity. The
literature for self-management and physical activity interventions for
multimorbidity are also examined. Chapter 3 presents a systematic
review and narrative analysis of the association between multimorbidity
and functional decline. Chapter 4 focuses on an observational study
which analyses the impact of physical activity and physical function on
the development of chronic conditions. Chapter 5 presents the
background, specific methods and results of an inter-agency feasibility
study examining an exercise and education programme for adults with
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multimorbidity in primary care. The final chapter (Chapter 6)
summarises the findings and discusses clinical, research and policy
implications of this thesis.
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Chapter 2: Literature review
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2.1 Overview
This chapter provides a review of the literature relating to the core
issues addressed in this thesis. Key areas relevant to the aims of this
thesis are examined. Firstly, the concept of multimorbidity is discussed
and a summary of the challenges it presents for both patients and
healthcare systems is described. Second, the relationship between
physical activity and physical function are reviewed in relation to
multimorbidity. Third, the literature for interventions for multimorbidity
is examined with a specific focus on self-management and physical
activity interventions and current research in this area is summarised
and evaluated. This chapter concludes by identifying current gaps in the
research and proposes questions which will be answered in subsequent
chapters.

2.2 Data sources used for literature review
The electronic sources searched for this literature review included
PubMed, the Cochrane Library and Google Scholar. A combination of
search terms and MeSH terms, where available, were used in the
literature search. The latest searches were conducted in October 2017
alongside the updated systematic search for Study 1 as discussed in
Chapter 3 (Section 3.2 & Section 3.3.4). Searches were supplemented
by a review of the International Research Community on Multimorbidity
archive (University of Sherbrooke, Canada).

2.3 Definitions of multimorbidity
In the literature multimorbidity is commonly defined as the cooccurrence of two or more chronic medical conditions within an
individual.(11, 62, 63) Several synonyms can be found in the medical
literature including: comorbidity, multimorbidity, polymorbidity,
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polypathology, pluripathology, multipathology, multicondition, multiple
chronic conditions.(64) All terms generally refer to the presence of
multiple diseases, but the precise meaning or definition, varies from
one author to another. In addition, there are different choices in the
number of diseases considered as multiple (two, three, or four) and the
actual diseases included (index disease or not; chronic or acute;
distinct or related pathophysiology; somatic only or somatic and
psychiatric diseases; diseases diagnosed by a physician or selfreported).(63, 64) The crucial issue being with numerous different
terms and lack of consensus on their definition is that it can lead to
difficulty making comparisons between studies and drawing conclusions
from their results. Therefore terminology presents a significant barrier
to dissemination of research and the application of new knowledge in
clinical practice in the area of multimorbidity.(64)
The terms multimorbidity and comorbidity are most commonly used.
Some ambiguity exists between both terms and this has been discussed
in the literature.(63) Comorbidity is understood to be the occurrence of
medical conditions additional to an index disease.(65) As discussed in
Chapter 1 (Section 1.3) multimorbidity has been a subject of research
for less than thirty years. The main difference between the two
concepts is that with comorbidity there is an index condition and with
multimorbidity no particular condition is privileged over any other and
the focus is on the patient as a whole.(23, 66) It has been postulated
that it can be difficult for general practitioners to isolate an index
disease in each patient, along with being of little use to the patient.(66)
Therefore multimorbidity appears to be more relevant to clinical
practice however, there is a lack of consensus on the definition of
multimorbidity and it remains to be a focus of debate in the
literature.(64)
A comprehensive literature review completed in 2013 identified thirteen
general definitions of multimorbidity, but recognised two definitions
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were commonly used (91% of publications which reported a definition).
The most frequently used definition (48% of publications which
reported a definition) was “more than one or multiple chronic or longterm diseases/conditions”.(64) The second most frequently used
definition was the same but omitted the chronology of the conditions.
Interestingly the authors identified that multimorbidity was not defined
in 51% of publications using the term.(64) Although the most
frequently used definition is cited widely in the literature, it has been
criticised for being overly simplistic as it underestimates the complexity
of this patient group, leading to a recommendation that severity should
be taken into account along with a more holistic definition being
needed.(67) A holistic definition recommended would include chronic
diseases in addition to other morbidities such as emotional and
psychological distress, and even existential or spiritual distress.(67)
The concept of complex multimorbidity, defined as three or more
chronic conditions affecting three or more body systems has been
recommended as a method of differentiating more complex patients in
general practice.(68) Other definitions of complexity have also been
suggested, for example, the number of regular medications. These
definitions of complex multimorbidity can result in lower prevalence
estimates but they identify patients who can be especially challenging
to manage in clinical practice. Complex multimorbid patents have been
shown to have higher healthcare utilisation and polypharmacy
requirements.(69) The National Institute for Health and Care Excellence
(NICE) Clinical Guidelines for Multimorbidity; Assessment, Prioritisation
and Management of Care for People with Commonly Occurring
Multimorbidity, published in 2016 recommend identifying those patients
who are prescribed 15 or more regular medications as they are at
particular risk of adverse events and drug interactions.(70) NICE
recommendations are based on systematic reviews of best available
evidence with specific consideration of cost effectiveness.(71)
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In 2013, The European General Practice Research Network created a
research community for the purpose of clarifying the concept of
multimorbidity.(72) On completion of their research they produced a
detailed definition of multimorbidity:
‘... multimorbidity is defined as any combination of chronic disease with
at least one other disease (acute or chronic) or bio-psychosocial factor
(associated or not) or somatic risk factor. Any bio-psychosocial factor,
any somatic risk factor, the social network, the burden of diseases, the
health care consumption and the patient’s coping strategies may
function as modifiers (of the effects of multimorbidity). Multimorbidity
may modify the health outcomes and lead to an increased disability or a
decreased quality of life or frailty’
While, this definition could be used to explain the construct and concept
of multimorbidity, it can be difficult to operationalise compared to the
more simple definitions relating to numbers of conditions or numbers of
medications. The most frequent and useful operational definition in the
literature remains to be the presence of two or more chronic diseases in
the same person.(73)
2.3.1

Frailty

Multimorbidity and frailty overlap yet are different concepts. Both are
associated with age and both conditions have a strong association with
disability, decline, hospitalisation and mortality.(74, 75) Frailty has
been defined as:
“A medical syndrome with multiple causes and contributors;
characterised by diminished strength, endurance and reduced
physiological function that increases an individual’s vulnerability for
developing increased dependency and/or death.’’(77)
However experts have yet to agree upon a universal working
definition.(74) One known approach is known as the Frailty Phenotype
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which classifies frailty as a clinical syndrome identified by the presence
of three or more of the following components: shrinking; weight loss;
weakness; grip strength; poor endurance and energy; exhaustion;
slowness; gait speed and low physical activity. (76) It is important to
note that cognitive and other psychosocial components are not included
in this concept. The Frailty Index identifies frailty as an accumulation of
deficits including both physical and psychosocial and is based on the
Comprehensive Geriatric Assessment (CGA). The CGA has been
comprehensively investigated in the literature with strong evidence
being demonstrated for its use in the management of frailty.(78, 79)
Multimorbidity is classified according to the presence of two or more
chronic diseases, chronic disease has been defined as disease which is
permanent, caused by non-reversible pathological alteration, or
requires rehabilitation or a long period of care.(74) Typically many
older people with frailty have multimorbidity however the majority of
people with multimorbidity are not categorised as frail.(76) It has also
been suggested that the accumulation of health deficits can lead to a
depletion in the physiological reserve and present as frailty which can
increase the risk or susceptibility of developing diseases.(74) Therefore
it can be concluded and has been demonstrated in the literature that
multimorbidity and frailty can be predictors and outcomes of each
other, with both being predictors for mortality.(7, 75, 80-83) Figure 2.1
is adapted from Villacampa-Fernández et al. (2017) and depicts the
links between multimorbidity, frailty and adverse outcomes as
described above.(74) Health deficits have been described as symptoms,
signs, diseases, disabilities or laboratory, radiographic or
electrocardiographic abnormalities.(84) In Figure 2.1, ‘Disability’
represents the consequences of the impairment of an organ or system
on the functioning of the individual in terms of limitation of functions or
restriction of activities.(85)
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Figure 2.1 Flow chart of Frailty and Multimorbidity Process

As people with frailty and multimorbidity can have complex health and
social care needs it has been suggested that multimorbidity patients
may benefit from a similar comprehensive care approach.(86) The NICE
Guidelines for Multimorbidity (2016) recommended that clinicians
consider assessing frailty in people with multimorbidity.(70) The
Guidelines acknowledge that recognising frailty in multimorbid patients
may assist with identifying who could benefit from a tailored care
approach. NICE give specific detail on how and when frailty should be
considered in multimorbid patients in their guidelines.(70) They advised
frailty should be assessed using one of the following:
x

An informal assessment of gait speed (such as time taken to
answer the door or to walk from the waiting room)
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x

Self-reported health status (that is, “How would you rate your
health status on a scale from 0 to 10?” with scores of ≤6
indicating frailty)

x

A formal assessment of gait speed, with >5 seconds to walk 4
metres indicating frailty

x

The PRISMA-7 questionnaire, with scores of ≥3 indicating
frailty(71)

Villacampa-Fernández (74) conceptualise the terms frailty and
multimorbidity well by stating that frailty reflects vulnerability due to
exhaustion of body systems, whereas multimorbidity is defined by a
synergy of two or more individual diseases.(74) Multimorbidity and
frailty, given that they are different concepts as described above it is
important to consider them separately for the purpose of research.

2.4 Measurement of multimorbidity
It has been acknowledged in the literature that accurate, logical and
reproducible measures of the occurrence and impact of multimorbidity
are required for surveillance, healthcare service planning and for
evaluating interventions in multimorbid populations.(87) Typically the
number of concurrent diseases in an individual is the most common
method of measuring multimorbidity and counts have been shown to
reliably predict a range of outcomes in community dwelling samples
including functioning, quality of life and healthcare utilisation.(80)
However, it has been argued that condition counting does not take into
account the severity and the type of conditions included.
Cumulative indices have been developed which evaluate both the
number and severity of the concurrent diseases. Examples include the
Charlson Multimorbidity Index, the Index of Co-existent diseases
(ICED), Multimorbidity Weighted Index (MWI), and the Cumulative
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Illness Rating Scale (CIRS).(88-91) Other studies have used symptoms
including cognitive and physical function limitations along with the
number of diseases in their measurement of multimorbidity.(7)
Organising conditions according to organ system domains has also been
proposed to reduce the potential overlap with similar conditions.(80) It
has been reported that simple disease counts or medication counts can
perform as well as more complex measures in predicting health
outcomes. Taking into account both the prevalence and disease burden
of conditions has been supported by a systematic review which
suggested focusing on conditions with a high impact or burden in a
given population.(80) This approach was used by a large scale Scottish
study published in 2012 where the authors developed a consensus list
of 40 conditions based on condition prevalence and impact on health
outcomes in an adult population.(75)
The strengths and limitations of the different methods have been
discussed in the literature and studies have compared different
methods of measuring multimorbidity.(7, 92, 93) Two studies have
indicated that the number of prescribed drugs is the strongest predictor
of healthcare utilisation and mortality when compared to other
measures.(92, 93) However, another study has reported that a
weighted based measure such as the Charlson comorbidity index
performs best at predicting mortality.(94) It has not yet been
demonstrated whether complex multimorbidity, as defined in Section
2.3, is more effective at identifying those multimorbid patients with
greater healthcare needs than other alternative methods (such as
condition counts and severity indices).(68) Numerous authors have
agreed that no one set of criteria for measuring multimorbidity is
effective for all research and clinical purposes and the measure used
can depend on the outcome of interest.(7, 80, 92, 95) A systematic
review on the measures of multimorbidity used in primary care
reported that condition counts are the most commonly used measure of
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multimorbidity and that condition counts are strongest predictors of
healthcare utilisation and quality of life.(92) Taking into account all the
above evidence for multimorbidity measurement for the purpose of this
thesis and the studies carried out multimorbidity was measured by the
number of chronic conditions present.

2.5

Prevalence and patterns of multimorbidity

With the lack of consensus on the definition and measurement of
multimorbidity it is not surprising that the evidence for the prevalence
of multimorbidity varies widely in the literature and is determined by
the definition used, conditions considered and population studied.(62,
96-99) The prevalence has been reported between 3.5%-98.5% in
primary care settings and 13% to 72% in the general population.(80)
Multimorbidity is associated with ageing and it has been demonstrated
that this phenomenon is not exclusive to older adults. Numerically, the
majority of people with multimorbidity are middle-aged and community
dwelling.(86) Using the definition, two or more chronic conditions in an
individual, multimorbidity has been estimated to be 25% of the
population in the UK.(86)
In an Australian population based study including individuals aged
>20years, 15.0% of the 40 – 59 age group suffered with multiple coexisting medical conditions, with >40.0% of the cohort (n= 3408)
aged less than 60 years of age (multimorbidity was defined as having
two or more of seven specified conditions).(96) A large scale Scottish
primary care study demonstrated that the prevalence of multimorbidity
increased substantially with age and was present in most of the cohort
(n=1,751,841) aged 65 years and older (65-84 years: 64.9% with
multimorbidity; >85years: 82.0% with multimorbidity). Multimorbidity
was defined as the presence of two or more of 40 specified conditions
in one patient. (75) However, the study also reported that 30.4% of
49

45-64 year olds presented with multimorbidity and given the higher
numbers of people in this age range, in absolute terms there are more
middle aged people with multimorbidity despite the perception that is
predominantly an issue for older patients. In addition, this study
highlighted the presence of multimorbidity is strongly linked to
socioeconomic deprivation, with people living in more deprived areas
developing multimorbidity up to 10 years earlier than those living in
more affluent areas.(75) These studies highlight that future research,
management strategies and health service planning for multimorbid
patients need to include broad age ranges.
In Ireland the prevalence of multimorbidity in primary has been
reported to be between 11% and 66%. See Table 2.1 for a summary of
Irish studies examining multimorbidity prevalence rates.(100-102)
Table 2.1 Irish Studies examining multimorbidity prevalence
Author & Year

Setting

Definition of
multimorbidity

Participants

Prevalence

(n)

Glynn
2011(100)

General
Practice
based

>2 chronic
conditions

n= 3,309

>66.0% in
those >50
years

Centre for
Ageing
Research and
Development in
Ireland
(CARDI)

Population
based

>2 chronic
conditions

n= 8,175

11% of
population
>50 years

8 specified
conditions (no
mental health
conditions)

2011(101)
Naughton
2006(102)

Population
based
(national
pharmacy
database)

Multimorbidity
not defined
9 disease
groups

n= 271,518

66.2% in
those
participants
>70 years

There is an obvious disparity between prevalence of multimorbidity
reported in Irish populations. The CARDI report (101) reported a
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prevalence of 11% however this study was population based and only
included 8 specified chronic conditions with no mental health conditions
included. It has been recommended that a minimum of twelve
conditions are included when investigating multimorbidity research to
avoid underestimations.(80) The data in the CARDI report was obtained
through postal surveys and conditions were not confirmed by medical
records therefore the reliability of these results may be subject to bias.
Undoubtedly, there is conflicting evidence of the prevalence of
multimorbidity internationally and in Ireland and the various methods
of obtaining prevalence figures make comparability difficult. It is
important to note that ascertaining information about conditions is
mainly determined by availability of relevant data, this can vary from
respondent self-report, clinician diagnosis or administrative databases
of healthcare payments.(80) Despite the variance in prevalence
reported in the literature it is acknowledged that the number of people
living with multimorbidity is rising and multimorbidity is now the norm
as opposed to the exception, particularly in primary care.(62, 75, 103)
It has been hypothesised that the prevalence of multimorbidity is
increasing mainly due to the rising incidence of chronic conditions along
with the increasing life expectancy worldwide.(12)
2.5.1

Patterns of multimorbidity

In order to design health services and interventions appropriately it is
important to examine if there are common patterns of multimorbidity
as they present in clinical practice. Two systematic reviews have
focused on patterns of multimorbidity and identified common
combinations of conditions presenting concurrently, they include: i)
osteoarthritis and cardiovascular disease with or without metabolic
conditions and ii) cardiovascular disease with mental health condition
iii) cardiovascular disease with a musculoskeletal condition.(73, 104)
Both reviews defined multimorbidity as two or more coexisting chronic
diseases. An interesting study which explored the effect of specific
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combinations of chronic diseases concluded that chronic conditions
affect individuals largely independent of each other with respect to
disability, quality of life and self-rated health.(105) Again
multimorbidity was defined as two or more chronic conditions.(105)
The authors highlighted that their findings do not diminish the
importance of multimorbidity for the individual.

2.6 Risk factors for multimorbidity
Consistently the evidence reports older age, being female, and having
low socioeconomic status as risk factors which are associated with
multimorbidity.(7, 75, 106) A systematic review published in 2009,
examined the incidence and risk factors for the development of
multimorbidity as part of their focus on the occurrence, causes and
consequences of multimorbidity in older persons (multimorbidity was
defined as co-occurrence of multiple diseases in the same
individual).(7) They included four articles, and three of these originated
from the same population based study in the Netherlands. All four
studies identified conditions from general practitioners records.
Identified risk factors for multimorbidity were: increasing age, higher
number of previous diseases, and lower education.(7) A large social
network was reported to play a protective role in the development of
multimorbidity. Interestingly no studies evaluating life styles or
environmental factors as risk factors for multimorbidity were found.
A more recent study, published in 2015 investigated which clinical and
lifestyle characteristics predict the development of multimorbidity
among those with no chronic conditions and those with diagnosed
diabetes or cardiovascular disease. (107) The authors concluded that
smoking, physical inactivity, and increased Body Mass Index were
predisposing factors for the development of multimorbidity. A limitation
of this study was the inclusion of five specific chronic diseases only with
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multimorbidity being defined as two of the following conditions:
diabetes mellitus; cardiovascular disease; asthma/ chronic obstructive
pulmonary disease; cancer and rheumatoid arthritis. By pre-selecting
five specific conditions the study veers away from the concept that
multimorbidity can involve any chronic physical or mental condition and
excluded conditions which could have potentially impacted on the
results. In addition the measurement for physical inactivity was not
carried out using a validated outcome measure. Nevertheless, the
results are noteworthy as there is a lack of research in the area of
lifestyle risk factors for multimorbidity. There is a particular paucity of
research in the area of physical activity levels and their possible impact
on multimorbidity and this will be discussed later in this chapter.

2.7 Health Outcomes associated with multimorbidity
There are several negative health outcomes associated with
multimorbidity. Patients with multiple chronic conditions have been
reported to experience lower quality of life, increased psychological
distress and higher disability.(7, 108) Multimorbidity has been
associated with a higher longitudinal risk of mild cognitive impairment
and dementia.(109) Multimorbid patients with higher numbers of
chronic conditions have been reported to, compared with those with no
chronic conditions, be associated with higher stress levels.(110) They
are also proposed to have higher healthcare utilisation rates with
multimorbidity patients using ambulatory and inpatient care more than
those without multimorbidity.(111, 112) Higher rates of healthcare
utilisation are burdensome for the patient and also result in higher
expenses for health care providers.(113-115)
Patients with multimorbidity can have more complex medication
therapy with the associated risk of polypharmacy.(116, 117) This
polypharmacy is notably present in older adults where coexisting
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conditions such as dementia and frailty can have a considerable burden
on the individual with subsequent implications on health service
delivery.(86) Multimorbidity has also been suggested to be associated
with increased risk of mortality over time.(18, 56)
As highlighted above, multimorbid patients experience burden with
their illnesses however more recently the issue of burden of treatment
has emerged in the literature.(118) It has been suggested that
multimorbid patients experiencing excessive burden on treatment may
have reduced adherence to their prescribed medications.(119, 120)
Furthermore, in the NICE Guidelines for Multimorbidity it is
recommended treatment burden should be established by healthcare
professionals who care for people with multimorbidity, including
generalists (GPs and geriatricians) and specialists, through talking to
patients about how treatment for their health problems affects their
day-to-day life.(70)
The areas of physical activity, physical function and multimorbidity and
their relationships are the topics of interest to this thesis and will be
discussed in more detail in the following sections.

2.8 Physical Function and Multimorbidity
2.8.1

Functional decline

As discussed in Chapter 1 (Section 1.5) reduced physical function can
negatively impair quality of life. Multimorbid patients often experience
problems with mobility, self-care and performance of usual activities in
addition to pain or discomfort and cognitive issues, this is in contrast to
those patients with one chronic condition.(121) Kadam (122) identified
an association between multimorbidity and poor physical function which
was independent of age, gender and deprivation. The authors defined
multimorbidity as ‘two or more morbidities which occur together in
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individuals’ however for their study they used two methods of defining
multimorbidity, one using condition counts and the other a scale
according to condition severity. Both definitions were associated with
poor physical function. This study was cross-sectional in design,
however the impact of multimorbidity on physical function has been
examined in cohort studies and they conclude that presence of
multimorbidity can predict reduced physical functioning over time.(56,
123-125)
Marengoni (56) studied the effect of chronic multimorbidity and
disability on 3-year functional decline and survival. Multimorbidity was
deﬁned as any co-occurrence of two or more of twenty two specified
chronic conditions in the same individual. The authors concluded that
participants with multimorbidity experienced functional decline over a
three year period with a 50% increase in risk of functional decline for
each additional disease. This study included participants aged 77 -100
years and limited the diagnoses included to conditions which could
affect disability or mortality thus potentially impacting on their results.
Bayliss (123) made similar conclusions when they examined the effects
of chronic conditions on physical well-being over a period of four years.
This study was limited by inclusion of six specific chronic conditions and
results were compared against participants with hypertension as
opposed to those with no multimorbidity.(123)
Aarts (125) completed a comprehensive study which analysed the
relationship between multimorbidity and health related functioning and
examined if the relationship is temporary or persistent. Multimorbidity
was defined as the co-occurrence of two or more chronic diseases
within one person and was demonstrated to be associated with poorer
physical functioning at baseline, 3 year and 6 year follow up. The
authors concluded that the poorer physical functioning that
accompanies multimorbidity is persistent and may even increase over
time. This was a population based study which included a large sample
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(n= 1184; 24–81 years) and included 96 different chronic conditions
however, the ‘healthy ill’ may be overrepresented as the study used the
6 year follow up measurements as its baseline. This was due to the
variable of interest (SF-36) not being included at the original baseline.
The 9- and 12 year follow up measurements were set as the first (i.e. 3
year follow up) and the second follow up (i.e. six year follow up)
respectively.
Previous studies have shown a correlation between multimorbidity and
functional impairment.(56, 126-128) A cohort study completed over a
five year period in Germany reported older adults with multimorbidity
(n= 66,384) are at a much greater risk of becoming care dependent
than those without multimorbidity (n= 48,819) over time.(129) The
authors described almost one third of those with multimorbidity and in
contrast a quarter of the non-multimorbid participants required care
home placement over five years. Welmer (128) reported a strong
association between multimorbidity and physical impairment in both
men and woman (n= 3,323) in their cross-sectional population based
study. They incorporated the results of several physical performance
tests such (grip strength, walking speed, balance and chair stands) in
participants aged 60 years or older. However, when the presence of
multiple chronic conditions was controlled for in the analysis the age
related differences in physical performance changed 1-11% indicating
the association between age and declining performance may persist
irrespective of multimorbidity.(128) St John (106) analysed a
population based cohort study to investigate the association between
multimorbidity and mortality. The authors concluded that
multimorbidity was a predictor of mortality in their adjusted models.
However, after adjusting for functional status, the association was no
longer significant.(106) Functional status was measured using a
modified version of the Older Americans Resources and Services
Multidimensional Assessment Questionnaire (OMFAQ) which focuses on
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activities of daily living. The main limitation of this study was that
despite acknowledging measurement of multimorbidity is difficult, they
did not specify how they defined multimorbidity for their study.
2.8.2

Multimorbidity and disability

Drewes (124) investigated whether the presence of multimorbidity is
predictive of disability. Multimorbidity was defined as the presence of
two or more chronic diseases at age 85 years. Disability was assessed
using the Groningen Activity Restriction Scale, which assesses an
individual's competence in the following nine basic activities of daily
living (ADL) activities and these are: walk inside, get up out of bed, get
into and out of a chair, visit the toilet, wash hands and face, wash
body, dress and undress, eat and drink and make breakfast.(124) They
demonstrated that multimorbidity predicts an accelerated increase in
ADL disability. The participants in this study were 85 years old and
older and were followed for five years using a pre-specified list of nine
conditions. Again the specific ages of participants and limited list of
chronic conditions may have affected the results of the study.
In Ireland, a population based study has reported an association
between multimorbidity and physical disability but this study was
limited by the inclusion of only four conditions and it’s cross-sectional
design.(105) In contrast with the above studies two cross-sectional
studies (130, 131) and two cohort studies (132, 133) have reported no
significant association between multimorbidity and physical functioning.
Baker (131) did acknowledge in their discussion that they were not
sure as to why they did not identify a significant association and
suggested that they may not have effectively captured all
morbidities.(131) Both cohort studies which identified no association
included older participants aged either >70 years or >65 years.
Abizanda (132) reported that functional ability was impaired at baseline
in their participants.(132) It could be argued that the detection of
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further functional decline was limited due to the age group of
participants.
As discussed in Section 2.3.1, with advancing age and its associated
multimorbidity there also is the potential for decreased physical
function and possible frailty. One method suggested for identifying
frailty would be to identify three or more of the following clinical
characteristics would need to be observed: weakness; weight-loss; slow
walking speed; fatigue and low levels of activity.(76) Each of these
characteristics can be linked with physical function, highlighting the
importance of measuring physical function in clinical practice.
Overall there is a lack of consensus in the literature and further
research is warranted to identify whether the presence of
multimorbidity is associated with physical function and future functional
decline.

2.9 Physical activity and its association with multimorbidity
While there is consistent support for physical activity in the
management of chronic diseases the literature examining the
relationship between physical activity and multimorbidity includes
conflicting results. There are eight studies summarised in Table 2.2
which investigate the relationship between physical activity and
multimorbidity (See Table 2.2).
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Table 2.2 Physical activity and multimorbidity studies
Author & Year

Population &
design

Definition of
Multimorbidity

Physical Activity measure

Key findings

Autenrieth
(2014)
(134)

KORA
(Cooperative
Health Research
in the Region of
Augsburg)Age
project

Co-occurrence
>2 chronic
diseases in one
individual

x PASE: self-reported
physical activity scale for
the elderly

x An inverse association between
physical activity levels and
multimorbidity in men
x Among men, the odds ratio (OR) for
multimorbidity was 0.73 (95% CI:
0.60–0.90) for a 1 standard
deviation increase of the PASE score

Co-occurrence
of >2 diseases

x Physical activity level was
measured a) in metabolic
equivalents (METs) via the
International Physical
Activity Questionnaire
(IPAQ)

x An inverse association between
physical activity and multimorbidity
in males (Ages > 74) and younger
females (Ages 16-24) p<0.05
x Low self-rated health status and
functional limitations related to
lower physical activity levels

n= 1007
Aged 65-94
years

Cimmarras-Otal
(2014)
(135)

Cross-sectional
analysis
European Health
Interview Survey
(Spain)
n= 22,190 >15
years
Cross-sectional
analysis
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Dankel (2017)
(136)

National Health
and Nutrition
Examination
Survey (USA)

>2 chronic
diseases

x Self-report their
involvement in musclestrengthening activities by
responding to two
questions

x Participation in musclestrengthening activities had 26%
reduced odds of multimorbidity
(OR=0.74; 95%CI:0.62-0.88;
p=0.001)
x Evidence of dose response
relationship

x Self-report of frequency of
vigorous, moderate and
mild physical activity then
categorised into four
groups: inactive; only mild
activity at least once a
week; at least moderate
but no vigorous activity at
least once a week; any
vigorous activity at least
once a week
x Self-reported number of
leisure physical activity
sessions of 20–30 min in
the last three months
x Responses were grouped
into three categories: none,
less than three times a
week, and more than three
times a week

x An inverse dose-response
relationship between multimorbidity
and levels of physical activity
(p<0.001)
x The higher level of physical activity
reported by participants was
associated with lower odds of
multimorbidity over time

n=4,584 >20
years

Dhalwani
(2016)
(137)

Cross-sectional
analysis
English
Longitudinal
Study of Ageing

>2 chronic
conditions from
a list of sixteen
conditions

n=15,688
>50 years
Cohort study (11
year follow-up)
Hudon (2008)
(138)

Quebec Health
Survey (1998)
n= 16,782
18–69 years
Cross-sectional
analysis

>2 chronic
diseases from
25 specified
conditions
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x When age, education, income, and
employment factors were controlled
for multimorbidity was not
associated with physical activity
levels (p set at 0.05)

Loprinzi (2015)
(139)

National Health
and Nutrition
Examination
Survey (USA)

>2 chronic
diseases

x Accelerometer data from 7
days (worn minimum 10
hours/day for four days)

x Sedentary behaviour is associated
with multimorbidity
x For every 60 min/day increase in
sedentary behaviour participants had
a higher multimorbidity index
(βadjusted=0.08; 95%Ci: 0.04-0.11,
p<0.001)

>2 chronic
diseases

x Accelerometer data from 7
days (worn minimum 10
hours/day for four days)

x For every 60 min/day increase in
light intensity physical activity
participants had a lower
multimorbidity index
(βadjusted=0.09; 95%Ci: 0.12,0.05, p<0.001) with reduced
odds of being multimorbid (OR
adjusted=0.87; 95%Ci: 0.79-0.96,
p<0.01)

>2 chronic
diseases

x Accelerometer data from 7
days (worn minimum 10
hours/day for four days)

x both bouted(10 + minutes in
duration) and non-bouted
(< 10 minutes in duration) moderate
to vigorous physical activity are
associated with reduced odds of
multimorbidity (r=0.33; p<0.001)

n=4,584 >20
years

Loprinzi (A)
(2016)
(140)

Cross-sectional
Analysis
National Health
and Nutrition
Examination
Survey (USA)
n=4,584 >20
years

Loprinzi (B)
(2016)
(141)

Cross-sectional
analysis
National Health
and Nutrition
Examination
Survey (USA)
n=4,584 >20
years
Cross-sectional
analysis
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Two studies reported an inverse association between physical activity
and multimorbidity (134, 135). However both studies had samples
which included older participants and this demonstrates a potential bias
in their results by excluding those under 65 years. Also it could be
argued that there is a natural decline in physical activity with age.
These reported associations are in contrast with Hudon (138) who
concluded that multimorbidity was not associated with physical activity
levels. The cross-sectional design of these studies limits making any
causal inferences. In addition, it is difficult to compare and contrast the
above studies due to the different measures of physical activity used
along with age groups included.
A 2016 cohort study identified an inverse dose-response relationship
between multimorbidity and levels of physical activity in that the higher
level of physical activity reported by participants was associated with
lower odds of multimorbidity over time.(137) These results are
interesting yet there are limitations in the study design. The selfreported measure used for physical activity has a risk of overestimation
of physical activity (142) and has been demonstrated to be moderately
correlated with objectively assessed hours per day of moderatevigorous intensity activity only. The Generalised Estimation Equation
model used in the analysis calculated population average estimates, the
authors acknowledge that there is potential for reverse causation in
that their findings could also be interpreted as the presence of
multimorbidity limiting physical activity levels in the participants
studied.(137) This limitation was also recognised by Vancampfort (143)
where they reported that participants with multimorbidity were
significantly less active however, due to its cross-sectional design does
not provide evidence of causation.
Loprinzi (2015; 2016) has published multiple papers on different
aspects of physical activity and multimorbidity.(139-141, 144) All these
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studies used data from the National Health and Nutrition Examination
Survey (NHANES) (n=4,584) and were cross-sectional in design so the
results need to be interpreted in this context and temporal relationships
cannot be assumed. Dankel (145) using NHANES data looked at the
association between muscle-strengthening activities and multimorbidity
and documented that participation in muscle-strengthening activities
had 26% reduced odds of multimorbidity (n= 4,587).
The evidence as reviewed above includes various physical activity
measures and age groups which makes contrasting and comparing
somewhat difficult. However, overall the majority of studies report an
association between physical activity and multimorbidity. It remains to
be identified whether multimorbidity is causing reduced levels of
physical activity or whether reduced levels of physical activity are
contributing to multimorbidity development. This thesis aims to address
this gap in the evidence base.

2.10 Impact of physical activity on adverse outcomes in
multimorbidity
In addition to the association between physical activity and
multimorbidity research has progressed further to investigate how
physical activity could potentially act as a mediator for the adverse
outcomes associated with multimorbidity. Martinez-Gomez (146)
examined the physical activity levels and numbers of chronic conditions
in 3967 participants >60years over a period of eleven years. They
concluded that higher physical activity levels are linked to a 30-47%
lower risk of death in those with multimorbidity over time. The authors
suggested physical activity interventions which target older adults with
multimorbidity may be a cost-effective approach to increase
survival.(146) Multimorbidity was defined as the coexistence of two or
more chronic conditions. A limitation in this study is the inclusion of
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eleven chronic diseases with the omission of certain age related
conditions such as Alzheimer disease and chronic kidney disease. Also,
as stated previously a minimum of twelve conditions are recommended
in multimorbidity research to avoid underestimations.(80)
In contrast to these results Lorprinzi (147) reported aside from high
levels of physical activity, physical activity had minimal effect on the
multimorbidity-mortality relationship.(147) They used data from data
from the National Health and Nutrition Examination Survey over a
period of seven years (n=16,091). Multimorbidity was defined as two or
more chronic conditions and assessed from physician diagnosis.
Physical activity was assessed via self-report which as discussed
previously a risk of overestimation of actual physical activity
levels.(142) Loprinzi (144) also investigated whether physical activity
moderates the relationship between multimorbidity and cognitive
function. The author again used data from the National Health and
Nutrition Examination Survey (n= 2,157; >60years). Loprinzi
concluded that multimorbidity was inversely associated with cognitive
function however, those who participated in greater amounts of
physical activity had no association between multimorbidity and
cognitive function.(144) The subjective assessment of physical activity
again is a limitation however, the main limitation in this study was the
cross-sectional design and thus a temporal sequence was unable to be
established.
An interesting study completed by Liu-Ambrose (148) looked at
whether physical activity is independently associated with healthcare
utilisation in older adults with multimorbidity. They included two
hundred and nine community dwelling older adults (>65 years) and
analysed their health care costs (using the Health Resource Utilisation
questionnaire) over a period of three months. They reported that
individuals with multiple chronic conditions are at the highest risk of
physical inactivity and that physical activity is independently and
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inversely associated with health care costs.(148) These authors
suggested physical activity supports may reduce healthcare costs of
adults with multimorbidity. Once more this was a cross-sectional
analysis which prevents establishment of a temporal relationship.

2.11 Patient priorities and multimorbidity
In order to design effective healthcare services for patients with
multimorbidity it is imperative their experiences and priorities are taken
into account along with understanding their values and priorities for life
beyond their conditions and health care needs.(149) Furthermore, a
lack of agreement between health care professional priorities and
patient priorities has been acknowledged to be potentially harmful to
the clinician-patient relationship.(150) Table 2.3 summarises the
qualitative evidence on priorities in multimorbidity and focuses on
findings relating to physical activity and physical function.
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Table 2.3 Qualitative evidence on patient priorities in multimorbidity related to physical activity and function

Author & Year

Study design

Definition of multimorbidity

Cheraghi-Sohi
2013
(149)

Observational study

>2 chronic conditions in an
individual

Secondary analysis of qualitative data
(interviews) from 4 existing data sets
from 3 different research centres

Key findings
x

x

Participants n=41

Loffer
(2012)(151)

Noel
2005
(152)

Rosbach
2017 (118)

In-depth interviews

Participants place greater importance
on immediate physical impacts of
particular conditions on functional
health
Mental health, musculoskeletal
problems and bladder/bowel
conditions were identified as having
the greatest impact on ability to
participate in valued activities, work
or the ability to fulfil social
responsibilities

x

Participants n=19 (65-85 years)

>3 chronic conditions
(including at least one
musculoskeletal disorder)

Interviewees reported being restricted
in their daily routine through, fatigue,
shortness of breath, limited mobility
and anxiety

Focus Groups

>2 chronic conditions

x

Physical symptoms and their effects
on functioning were one of main
problems reported
Concerns were expressed around the
negative impact of their conditions on
their ability in work and leisure
activities along with their
relationships

60 patients with multimorbidity in
primary care

Systematic review

x

Co-existence of >2 chronic
conditions

No. of studies n=9
Population size 16 -1053 participants
(total 1367)

x
x
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Difficulty planning and performing
exercise reported in 7/8 studies
”Yeah, they (health care providers)
tell me to try exercise or walking. But
sometimes, I’ll be walking, and I be
having pain in my legs.”

The four studies as detailed in Table 2.2 vary in design however all
have a focus of identifying the needs of multimorbid patients. As
expected, compared to the quantitative studies, the qualitative studies
presented data from a relatively small number of cases (n =16 -60)
aside from one study which included 1053 participants.(153) This study
also included patients with one chronic condition however 63% of the
participants presented with multimorbidity.(153) Cheraghi-Sohi (149)
utilised the qualitative interviews from four existing datasets collated
from three research centres. They investigated how and why
multimorbid patients prioritise certain conditions over others and the
potential impact on self-management. One of the main themes
identified was issues surrounding barriers to functional health, in that
multimorbid patients placed greater importance on conditions which
have physical impacts on their functional health.(149) The main
limitation of this study was that the data was not collected with this
particular research question in mind however, the authors collaborated
with primary researchers from all the included primary studies.(149)
Loffler (151) aimed to investigate how multimorbid patients (65-85
years) cope with multiple chronic diseases. The physical symptoms
reported by participants had an impact on different aspects of their
lives. The authors identified three themes from their in-depth
interviews: coping at the practical level, coping at the emotional level
and coping at the social level.(151) This was a well-designed study yet
the one limitation was that the authors deviated from the grounded
theory analysis by using a randomised sampling procedure instead of
theoretical sampling. This was acknowledged by the authors and was
carried out to reduce selection bias by the participating General
Practitioners.(151)
Noel’s (152) study presented similar concerns from participants with
physical symptoms and effects on functioning being one of the six
categories which emerged from analysis.(152) The most frequently
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mentioned physical effects were decreased mobility, physical
limitations, pain, fatigue, dizziness, shortness of breath, insomnia and
sexual dysfunction. Participants in the focus groups varied in age from
30’s to 80’s and 80% were men (n=48). Important to note that the
participants in this study were Veterans of the US Army and study sites
were chosen based on regional variations in veterans functional status
which may have led to bias in the results.
Patient-experienced burden, i.e. the challenges of everything patients
do to manage their conditions, in multimorbid patients was explored in
a systematic review by Rosbach. (118) Nine studies were included
totalling 1367 participants (16 -89 years).(118) The authors identified
that burden of treatment was a complex concept with many different
components. Lifestyle changes were identified as one of five
components with planning and performing exercise being reported in
seven out of nine studies.(118) This was a thorough review including
studies from 34 different countries however recruitment method varied
and the number of participants invited to participate was not accounted
for in all studies.
It is important to note that the problems reported in qualitative studies
may vary for different diseases or clusters of conditions.(154) Overall
concern is reported about the way conditions interfere with daily lives.
The results are further supported by evidence that older people have
expressed in multiple studies that the capacity to carry our activities of
daily living (i.e. functional independence) is of greater importance than
prevention of disease.(155-157)

2.12 Evidence for interventions for multimorbidity
The 2016 update of the Cochrane review of interventions for improving
outcomes in patients with multimorbidity in primary care and
community settings found limited evidence to support the management
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of multimorbidity.(158) The review contained 18 randomised controlled
trials (RCT) and most studies evaluated interventions involving changes
to the organisation of care delivery (n=12). The remaining six studies
were predominantly patient orientated, for example self-management
type interventions delivered directly to patients. Two of the studies
which specifically targeted functional difficulties in participants had
positive effects on functional outcomes (17, 159) with one of these
studies also reporting a reduction in mortality at four year followup.(159) Both of these two studies will be discussed further in Section
2.12.1 and 2.12.2. The results from the interventions included in the
review were mixed, some improvement was noted in clinical
satisfaction, health services use and cost outcomes from both patient
orientated and organisational interventions however, the authors stated
that uncertainties remain about the effectiveness of interventions for
people with multimorbidity in general due to the relatively small
number of RCTs conducted in the area to date.(158) The authors did
suggest that interventions which focus on particular difficulties patients
experience, such as functional ability are likely to be more effective
than those focused on changing the organisation of care, though further
evidence is needed to support this.(158) An example given in the
review was physiotherapy treatment to reduce falls by improving
capacity for physical activity.(158) This was a very comprehensive
review of the literature with the authors all being active researchers in
the field of multimorbidity. A possible limitation was the lack of metaanalysis in that the authors were unable to group sufficient numbers of
studies with similar interventions in order to comment on which
elements of interventions are most effective.
The Cochrane review results are similar to the NICE Guidance on
Multimorbidity in that their review of interventions also demonstrated
mixed results.(70) The aim of this guideline was to inform patient and
clinical decision-making and models of care (interventions) for people
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with multimorbidity. Recommendations were made as to which patients
would benefit from an individual approach because of high impact on
their quality of life or functioning due to their conditions or their
treatments.(70) In terms of interventions, the NICE Guidance reported
a small number of models (interventions) were associated with
clinically important reductions in mortality, unscheduled care and
improvement in health-related quality of life (HRQOL), with the physical
component of HRQOL demonstrating improved results. These models
included various specific components including holistic assessment,
multidisciplinary care, care co-ordination, home visits, telephone followup and self-management programmes. However, they concluded that
no one model emerged with strong consistent evidence of clinical
benefit. The authors also recognised some inconsistency in benefits
across trials with similar model components. They commented that the
complexity of the interventions assessed prevented an identification of
which component of care is driving the effect. The evidence reviewed
was deemed to be of very low to moderate quality and thus the authors
felt it was not possible to make any specific recommendations either for
or against any one model of intervention.(70) This was an extensive
review of the literature carried out by a multidisciplinary expert group
of key stakeholders in multimorbidity. A potential limitation was that
the recommendations were made with a United Kingdom health system
context in mind and this may reduce the generalisability internationally.
Overall the evidence on the effectiveness of interventions for patients
with multimorbidity is mixed and further research with comparable
methods is needed. In addition, methods to identify the optimal target
groups who should receive interventions also needs further
investigation. Patient orientated self-management is gradually being
recognised as an important intervention for multimorbid patients.(160)
The Cochrane review of interventions for multimorbidity presented
mixed results of the effectiveness’ of self-management programmes
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and acknowledged the small sample sizes of the studies
examined.(158) The evidence for self-management programmes for
patients with multimorbidity will be discussed in the following Section.
2.12.1

Evidence for self-management programmes

Empowering the patient with a long term condition to manage their
condition and its effect on their life has been recognised to be a
foundation in chronic disease management.(70) Self-management has
been defined as:
“…the care taken by individuals towards their own health and wellbeing: it comprises the actions they take to lead a healthy lifestyle; to
meet their social, emotional, psychological and physical needs; to care
for their long-term condition; and to prevent further illness or
accidents”.
Support for self-management is critical to the delivery of effective care
for people with long term conditions. Evidence exists to support lay-led
self-management education programmes for single chronic diseases in
improving outcomes such as self-efficacy and self-rated health.(161,
162) An evaluation of the Expert lay-led programme in the UK reported
improved self-efficacy and energy levels at six month follow-up, but no
reduction in healthcare utilisation.(161) These are in contrast to results
from a randomised controlled trial published in 2013 which investigated
a whole systems model of self-management support led by trained
General Practitioners and practice staff for patients with chronic
conditions in primary care.(163) At 12 month follow-up there were no
reported improvements in shared decision-making, self-efficacy, or
generic health related quality of life. To note this intervention was
targeted at patients with single specific chronic conditions and was not
specifically designed for patients with multimorbidity however, most of
the included patients did have multimorbidity (n=4061, 72.5%).(163)
This highlights the potential importance and effectiveness of
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interventions which are specifically targeted towards multimorbid
patient’s needs and preferences as opposed to multimorbid patients
which happen to make up the majority of a given population.
In 2014 the National Institute for Health Research in the UK published
the PRISMS study, a systematic review of implementation studies of
self-management support in long term conditions.(164) PRISMS
included 30 qualitative systematic reviews, 102 quantitative systematic
reviews (including 969 RCTs), and 61 individual RCTs in their analysis.
Their findings demonstrated that effective self-management support
interventions are multifaceted, should be tailored to the individual, their
culture and beliefs, and a specific long term condition and position on
the disease trajectory. The authors suggested that implementation
requires a whole-systems approach which occurs at the level of the
patient, the health care professional and the organisation.(164)
In Ireland the Health Information and Quality Authority (HIQA)
published a health technology assessment of chronic disease selfmanagement support interventions in 2015.(165) They reviewed both
generic and the disease-specific interventions. Generic selfmanagement support interventions are focused towards one or more
chronic diseases and are not tailored to support management of a
specific chronic disease.(165) The majority of the generic selfmanagement support interventions incorporated the Stanford Chronic
Disease Self-Management model.(166) The authors recognised some
evidence for short-term improvements in patient-reported outcomes:
self-efficacy; health behaviour (exercise) and health outcomes (pain,
disability, fatigue and depression) in chronic disease self-management
programmes (primarily the Stanford Programme). Based on their
review findings, they concluded that the most appropriate format of
generic self-management support interventions remains unclear.
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The NICE Multimorbidity Guidance review group also completed an
evidence review of self-management programmes for patients with
multimorbidity as part of their Guidelines on Multimorbidity.(70) They
defined a self-management intervention as the following:
‘An intervention aimed at increasing a person’s ability to manage their
own condition without the need for intensive support from HCPs. This
may take many forms including but not limited to education about
symptom control, supporting patient or carer identification of
exacerbations of chronic conditions and provision of home rescue
medication or treatment options that the patient can initiate themselves
at appropriate times.’
Thirteen studies were included in this NICE review within the
Multimorbidity Guidance. One of the thirteen studies aimed to support
participants to better manage their treatment, (167) while the other 12
studies aimed to support participants to better manage their health
conditions. The included interventions varied in terms of their duration
(range: 6 weeks to 22 months), method of delivery (individual sessions
or group sessions; face to face or telephone or a combination),
instructor (peer or lay person or healthcare professional), main
components (combinations of problem-solving therapy, goal setting,
psychological or emotional techniques, skills for liaising with HCPs,
exercise and health eating, medication management, managing fatigue,
peer support, coordinating services, disease-specific education and
coaching), and study populations. The review authors concluded that
there was not sufficient evidence to recommend the use of selfmanagement programmes for people with multimorbidity.
In Ireland, an Occupational therapy led self-management support
programme for people with multimorbidity (OPTIMAL) delivered in
primary care has demonstrated promising results.(17) The programme
includes a weekly group education session for a period for 6 weeks. The
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study included adults with multimorbidity (defined as two or more
chronic conditions) and a minimum 4 repeat prescriptions. The
education sessions included the following themes: fatigue and energy
management; managing stress and anxiety and maintaining mental
health and well-being; keeping physically active; healthy eating;
managing medications; effective communication strategies; goal
setting. One of the weekly sessions incorporated education on physical
activity delivered by a physiotherapist and another incorporated
medicines management, delivered by a pharmacist. The study
demonstrated significant improvements in activity participation and
performance, self-efficacy and health related quality of life. A strength
of this programme was that it was professionally rather than peer-led
led, but the group format allowed for peer support within the
intervention. This approach has been demonstrated to be effective in
other areas such as cardiac and pulmonary rehabilitation.(168) The
authors acknowledged their limitation of low attendance and a number
of participants missed sessions during the intervention. A further
limitation was the lack of blinding of outcome assessors which may
have led to bias in the results. The definitive randomised controlled trial
of OPTIMAL is currently ongoing and due to be completed in 2018.(17)
This NICE Guidance questioned whether self-management is a realistic
option for those who are more elderly or frail or have cognitive
problems which are all prevalent characteristics in multimorbidity. They
also acknowledged that those interventions which included an exercise
component resulted in clinical benefit in outcomes related to physical
activity. The following section reviews the evidence for physical activity
programmes in multimorbidity.
2.12.2 Evidence for physical activity programmes in
Multimorbidity
There is a dearth of evidence around exercise and physical activity
programmes specifically for multimorbidity and currently no
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recommendations exist. Previous research has indicated that those with
multimorbidity engage less frequently in productive and leisure
activities despite having the capacity to do so.(169) However, most of
the literature around physical activity and exercise interventions for
chronic disease management is based on single disease groups such as
osteoarthritis, fibromyalgia and diabetes.(170-172)
Gitlin (159), as included in the Cochrane review (Section 12.2), did
include participants with multiple chronic conditions in their study to
examine a multicomponent intervention to reduce functional difficulties,
fear of falling and enhance self-efficacy and adaptive coping
in older adults. The authors reported positive outcomes for intervention
participants (n=319) in activities of daily living (ADLs), self-efficacy,
reduced fear of falling and benefits were sustained at 12 months for
most outcomes. To note only one session out of the six intervention
sessions had a physical activity focus with balance and muscle strength
education along with fall recovery techniques led by a Physiotherapist.
Rydwik (173) also included participants with multiple diagnoses in their
physical training intervention. They investigated the effect of an
individualised moderate intensity programme on muscle strength,
balance, mobility, ambulation and activities of daily living in
institutionalised elderly people aged 65 years and over. Balance and
mobility improved significantly in the intervention group while declining
in the control group however the results need to be interpreted with
caution due to the small sample size (n=31), the study design and
setting which has limited applicability for community dwelling people
with multimorbidity.
A meta-analysis completed in 2012 reported that physical exercise
therapy has a positive effect on mobility and physical functioning with
high-intensity exercise intervention being somewhat more effective
than low-intensity exercise interventions for elderly patients with
mobility, disability and or multimorbidity (SMD final value: 0.22; 95%
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CI: −0.17, 0.62; SMD change value: 0.38; 95% CI: −0.48, 1.25).(174)
The inclusion criteria stated that the interventions should consist of
physical exercise therapy defined as exercises or a combination of
exercises aimed at improving the already decreased levels of mobility,
strength, endurance, balance and/or physical activity in the participants
(n=2,580; >60years). In nine of the 18 included studies, the
intervention was supervised by a physical therapist. Other studies
generally used an exercise leader as a supervisor.(174) The results of
this study were limited by many studies not being included due to
insufficient data reported along with a large variation in measurement
instruments used in included studies. This limited overall pooling of
data along with limiting pooling of studies where specific measurement
instruments were used. The authors did highlight some barriers to be
considered with recommending high intensity exercise in patients with
potential for increased risk of injury and medical complications;
availability of facilities; associated fatigue and soreness with high
intensity exercise. However, the authors concluded that no inferences
about the most effective type of intervention could be drawn.
A 2017 systematic review analysed the efficacy of physiotherapistled physical activity interventions at improving physical activity levels in
patients with non-communicable diseases (NCD) in private practice and
outpatient physiotherapy settings.(175) From an initial 4140 studies, 8
studies were retained, and risk of bias ranged from low to high. Five of
these studies were randomised controlled trials, two were quasiexperimental (no randomisation) and one had a pre-post design (no
control group).(175) Meta-analysis showed the odds of adults meeting
the minimum recommended physical activity levels were doubled in
groups provided with a physiotherapist-led intervention in the short to
medium term (up to one year after intervention). However, longer
term interventions did not improve outcomes (beyond one year)
irrespective of using longer interventions.(175) This was a thorough
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and well-reported review however, the main limitation of this review
was that they included one-to-one, face-to-face and clinic based
interventions only thus excluding all group, multidisciplinary, inpatient
and home based interventions. The generalisability of their findings
were somewhat reduced by these criteria.
The literature has highlighted the need for interventions for patients
with multimorbidity, specifically interventions which focus on difficulties
patients experience with daily functioning such as physiotherapy to
improve capacity for physical activity. (158) To date the feasibility and
potential effectiveness of a combined physical activity and selfmanagement intervention for patients with multimorbidity in the
community has not been explored. This study aims to contribute to the
gap in this knowledge. However, as Mercer (176) highlighted in 2011,
an essential precursor to developing successful interventions is the
knowledge of the effects of multimorbidity over time and the factors
which influence these effects.

2.13 Conclusion
This review has presented and reviewed the available research around
multimorbidity and physical function and physical activity. The studies
identified provide useful information however, they also demonstrate
significant gaps in the evidence. Research to date has focused on the
epidemiology and impact of multimorbidity on individuals and
healthcare systems with the number of studies investigating
interventions to improve clinical outcomes slowly increasing.(158) The
need for further intervention research has been highlighted, yet in
order to develop effective interventions further knowledge of the effects
of multimorbidity over time is needed along with knowledge of the
factors which influence these effects. It has been suggested that
research is needed as to how multimorbidity develops along with its
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association with functional status.(75) It is important that these
associations are identified so that it can be understood how preventable
these outcomes are and how intervention may potentially impact and
minimise them. The main goal is how to provide health care which
serves the needs of patients living with multimorbidity and improves
their health outcomes.
On review of the evidence and prior to the development of a physical
activity intervention the following three questions were posed:
1. What is the association between multimorbidity and functional
decline over time?
2. What is the impact of levels of activity and function on the
development of multimorbidity in adults?
3. What is the impact of the levels of activity and function on patients
with MM over time?
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Chapter 3: Multimorbidity and functional
decline –a systematic review (Study 1)
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3.1 Overview
This chapter presents the findings of a systematic review and a
narrative analysis that examined examine the association between
multimorbidity and functional decline and to what extent multimorbidity
predicts future functional decline.
3.1.1

Rationale for the review

The preceding chapters have outlined rising prevalence of
multimorbidity in clinical practice and its association with increased
healthcare utilisation, increased emergency hospital admissions and
decreased quality of life.(177, 178). Physical function, as defined in
Chapter 1 (Section 1.5), is the ability to mobilise and ability to perform
basic tasks.(53) The association between multimorbidity and physical
function was discussed in Chapter 2 (Section 2.8). The studies reviewed
highlighted an association between multimorbidity and poor physical
function however this was not consistently found across all studies. The
lack of consensus in the literature indicated that further exploration of
the evidence on the relationship between multimorbidity and physical
function and potential for functional decline was warranted.Functional
decline is defined as a deterioration in self-care skills, where functional
autonomy is diminished and disability is increased. (85, 179) It is often
measured by a reduction in ability to perform self-care activities of daily
living (ADL) because of a decrement in physical and cognitive
functioning.(180, 181) ADL tasks have been classified into 1) basic
activities of daily living (basic ADL) that a person normally performs on
a daily basis, such as walking, and 2) instrumental activities of daily
living (IADL) that allow an individual to live independently in a
community, such as shopping for groceries. Functional decline may be
acute, occurring within a week, or sub-acute, developing over many
weeks or months.(85) Functional decline has been reported to lead to
increased rates of depression and decreased life satisfaction.(85, 182)
It has also been reported that identification of functional decline in
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elderly patients is more predictive of mortality than organ damage or
severity of illness.(76)
Considering the impact on patient outcomes, understanding the
association between multimorbidity and physical function along with
functional decline is important information for healthcare providers and
policy makers. This evidence could provide justification for prioritising
physical function in the assessment of multimorbid patients.
Furthermore, it could provide support for the development of
interventions which focus on improving physical function in people with
multimorbidity. Conversely it could out rule the potential need for
incorporating physical function into the assessment of multimorbid
patients. A previous systematic review completed in 2004 examined the
relationship between multimorbidity and quality of life in primary care
and reported that multimorbidity is associated with reduced quality of
life.(183) This study included measures which assessed physical
function however physical function was not the focus of this study and
was not reported upon. Furthermore this study was carried out in 2004
when multimorbidity literature was still an emerging area and many
studies have been carried out in the following ten years. At the time of
this study there had been no systematic review of the literature
examining the relationship between physical functioning and
multimorbidity and the association with functional decline in community
dwelling adults.
3.1.2

Study Aims

The aim of this study was to conduct a systematic literature review to
examine the association between multimorbidity and physical function
and whether and to what extent multimorbidity predicts future
functional decline.
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3.2 Methods
The PRISMA-P Guidelines for reporting systematic reviews were utilised
in the conduct of this study. [See Appendix 6] (184) The protocol for
this study was published on an international prospective register for
systematic reviews (PROSPERO) [See Appendix 7]
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD420
12003502.
3.2.1

Search strategy

A systematic literature search was carried out using the following
databases: PubMed, EBSCO, EMBASE, CINAHL and the Cochrane
library. References from retrieved articles were also searched by hand
for relevant articles which were not identified by the database searches.
The search was limited to the period from January 1990 to November
2014 and to publications in the English language. Similar systematic
reviews have used 1990 as a cut-off date for searches as
multimorbidity was a relatively new concept up to that date and does
not appear in the literature before this time. (7, 185) Primary
healthcare, family practice and family physicians were included as
Medical Subject Heading (MeSH) terms. As multimorbidity does not
have a MeSH term is was searched for as a keyword and comorbidity
was used as a MeSH term.
Two researchers performed the initial screening of titles and abstracts
(Paul O’Hara; Emma Wallace) and irrelevant studies were eliminated.
Studies considered eligible for inclusion were read fully in duplicate and
their suitability for inclusion to the study was independently determined
by a researcher and the PhD candidate (Emma Wallace; Aine Ryan).
Any ambiguous findings were discussed with a third researcher (Susan
Smith) and a consensus reached. Additional information was sourced
from authors where necessary to confirm eligibility for inclusion. Figure
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3.1 displays the search strategy [See Appendix 8 for expanded search
string].
To note, an updated search was carried out post completion of this
study. This was due to the time lapse between publication of this
research and writing up of this thesis. It is described in Section 3.4.5.

Primary healthcare MeSH or family practice
MeSH or physicians, family MeSH
(Adults; January 1990 –November 2014)
AND
Multimorbid* or Multi-morbid*or Comorbidity
MeSH or co-morbid*
AND
Function*

(primary healthcare[MeSH Terms]) OR family practice[MeSH Terms]) OR physicians,
family[MeSH Terms]) AND multimorbid*) OR multi
-morbid*) OR co
-morbidity) OR
comorbidity[MeSH Terms]) AND function* AND ( ( "1990/01/01"[PDat] : "2014/11/30"[PDat] )
AND Humans[Mesh] AND adult[MeSH])

Figure 3.1 Search strategy
3.2.2

Study selection

Studies were included if they met the following criteria:
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1) Population: adult participants (aged > 18 years) with multimorbidity.
Given the range in potential definitions, it was decided to use the most
inclusive one and multimorbidity was defined as the presence of two or
more chronic medical conditions in an individual. (183)
2) Study setting: The study setting was primary care or the community.
Primary care was defined as: integrated, easy to access health care
services by clinicians who are accountable for addressing a large
majority of personal health care needs, developing a sustained and
continuous relationship with patients, and practicing in the context of
family and community. (186)
3) Outcome: The primary outcome was functional status measured using a
validated measure of physical function. Quality of life measures which
contained a functional or physical domain were also included e.g. SF36; EQ-5D. Studies that examined physical function in an index
condition with related co-morbidities were excluded (co-morbidity
studies). As discussed in Chapter 1, the current concept of
multimorbidity is that no condition is privileged over any other. Studies
which investigate index conditions and their co-morbidities also have a
different management focus targeting a single disease.
4) Study design: Types of studies included were retrospective and
prospective cohort studies and cross-sectional study designs. Studies
carried out in long term care/ residential settings and in-patient
settings were excluded.
3.2.3

Data extraction and synthesis / Statistical analysis

Each article was assessed under the following headings; publication
year and country, population and setting, definition and prevalence of
multimorbidity, functional decline outcome measure, findings and follow
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up period (cohort studies). Due to heterogeneity meta-analysis was not
possible and a narrative synthesis was conducted.
3.2.4

Assessment of Risk of Bias

Critical appraisal of primary studies is considered to be a key
component of a systematic review. (187) This provides an evaluation of
methodological quality of included papers, and is necessary to ascertain
the reliability and validity of studies and the generalisability of review
conclusions. In this study included studies were assessed for
methodological quality using the Cochrane Tool for the Assessment of
Bias in Cohort Studies [See Appendix 9a]. (188) This checklist was
modified for assessment of the included cross-sectional studies [See
Appendix 9b].

3.3 Results
3.3.1

Study identification

Of 5,532 articles screened, 91 were assessed in full text and evaluated
according to the study’s inclusion and exclusion criteria. Reference lists
from the 91 papers screened and 85 extra papers assessed for
suitability. A total of 37 studies were eligible for inclusion: 28 crosssectional studies (10, 108, 122, 130-132, 189-211) and 9 cohort
studies. (95, 123-125, 133, 212-214) Figure 3.1 illustrates the search
strategy and results. Reasons for exclusion of studies are presented in
the flow diagram and references provided as an appendix [See
Appendix 10]. Table 3.1 and 3.2 describe the study designs, definitions
and outcomes reported in the 37 included studies. Appendix 11 displays
the specific conditions included in each study.
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Figure 3.2 Flow diagram of search

Studies identified by electronic base
search
(Pubmed 2357; Cinahl 3111; Embase
972; Cochrane 58)
n= 6,498
Duplicates removed
n= 966

Titles screened after removal of
duplicates
n=5,532
Titles identified from CiRMO

Titles excluded based on Title
&Abstract

n= 7

n= 5448
Full text papers read for eligibility
n= 91

54 Papers excluded
x
x
x
x
x

Papers selected for inclusion
n= 37
Cross-sectional studies n= 28
Cohort studies n= 9
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Not carried out in community setting
n=6
Multimorbidity not focus of the study
n=7
No validated measure of functional
ability n= 24
Index condition used along with other
conditions n= 15
Not cross-sectional or cohort design
n=2

Table 3.1: Included Cross-Sectional Studies
Author
Publication
Year
Country

Population
and setting

Definition and
prevalence of
multimorbidity
(MM)

Functional
decline
outcome
measure

Results

Agborsangay
a
2013
Canada
(193)

Population
based survey

Self-report
chronic conditions
from list of 16

EQ-5D

MM associated with a significant reduction in EQ5D index score (-0.12, 95%CI -0.14 -0.11)

Baker
2000
USA
(189)

Primary care
clinic

4946 adults
≥ 18 years

194 adults,
48% > 60
years

(p<0.05)

19% with ≥ 2
conditions
Self-report of > 1
diagnosis
according to ICPC
categories

SF- 36

SF-36 PCS scores decline associated with
increasing numbers conditions (p<0.05 on one
way MANOVA analysis)

51% > 1
condition
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Baker
2006
USA
(131)

Bayliss M
2012
USA
(190)

Bayliss EA
2012
USA
(191)

Community
dwelling
247 African
American
adults, mean
age 69
Population
based survey
3877 adults
63% ≥45
years
36% ≥60
years

Self-report of
doctor-diagnosed
conditions used to
create condition
count

AIMS2
(Arthritis
Impact
Measurement
Scale)

No significant association between number of
conditions and physical functioning on
multivariate analysis (p<0.01)

SF-36

PCS score relative to the healthy group:

Mean 2.9
conditions
Self-report of
conditions from
26 condition
checklist
Mean 2.4
conditions

Physical group: - 6.4 points (95% CI -7.3, -5.4)
Mental health group: -0.7 points (95%CI -2.6,
1.2) not meaningfully different

Grouped into:
healthy; >1
physical
condition;
>1mental health
condition; >1
physical and >1
mental health
condition

Primary
care,
members of
HMO

Self-report of 3 or
more conditions
from a list of 10
conditions

961 aged ≥
65 years

Mean 7.9
conditions

Combined physical and mental health condition
group: -10.2 points (95% CI -12.3, -8.1)
p Value NR (not reported)

SF-36

Higher condition counts associated with
significantly lower PCS scores on multivariate
analysis
(p < 0.001)
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Brettschneid
er
2013
Germany
(192)

Primary Care
– GP
databases

Cesari
2006
Italy
(194)

Population –
cohort study
in mountain
community

3189
patients
65-85 years

364 adults ≥
80 years

Chen
2011
USA
(195)

Population
based survey
(Behavioural
Risk Factor
Surveillance
System)
430,912
adults
> 18 years

Co-existence of 3
or more chronic
conditions from a
list of 29
Measured by a
weighted counts
score
Mean 7 conditions
Physician report
of ≥ 3 conditions
based on selfreport and chart
review
136 patients with
≥ 3 conditions
(37.4%)

Self-report from
list of 8 conditions
> 90%
participants had ≥
2 conditions

EQ-5D

Increased condition count and severity
associated with significant reductions in EQ-5DVAS on multivariate analysis
(p < 0.01)

Short Physical
Performance
Battery
(SPPB)

MM significantly associated with lower SPPB
score, lower walking speed scores and lower
IADLs, but no difference in ADLs
(p<0.05)

Four minute
walking speed
score
MDS-HC:
ADLs and
IADLs
CDC HRQOL 4 domains:
general
health, mental
distress,
physical
distress and
activity
limitations
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Participants with ≥ 3 conditions had highest risk
of reporting fair or poor health (Adjusted Odds
Ratio 8.7, 95% CI 8.0 - 9.4)
(p < 0.001)

Cheng
2003
USA
(196)

Formiga
2005
Spain
(197)

Fortin
2007
Canada
(10)

Primary care
clinics
316
consecutive
clinic
attenders
55 -64 years
Community
based
186 adults
aged ≥ 90
years
Primary care
238 adults
attending
primary care
clinic
(randomly
collected
from a larger
study
cohort)
Mean age
59.0 years

80% of patients in SF-36
the study had ≥ 2
conditions
confirmed on
chart review

Number of conditions significantly associated
with decreases in PCS scores in multivariate
analysis

Charlson
Comorbidity
index, mean score
1.43

Higher comorbidity score significantly associated
with worse functional and cognitive capacity on
multivariate analysis

Chart confirmed ≥
two conditions
Severity assessed
using CIRS score

(p < 0.01)

Barthel Index
(ADLs)
Lawton and
Brody Scale
(IADLS)
SF-36

(p<0.05)

MM measured by simple count was associated
with significantly reduced PCS scores on
multivariate analysis
(p<0.05)

Mean 5.3 (+/-2.8)
diagnoses

Increases in MM severity (CIRS scores)
associated with greater decreases in PCS scores
than simple counts alone
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Goins
2010
USA
(198)

Community
based
sample
505 adults ≥
55 years

Comorbidity scale
– self-report from
list of 32
conditions
Combined with
severity
assessment using
score 0-3
Mean score 5.8

Short Physical
Performance
Battery
(SPPB)

Higher comorbidity scores significantly
associated with poor SPPB and hand grip scores
in multivariate analysis

Hand grip test

(p<0.05)

Multidimensional
functional
assessment
questionnaire
(OARS)

Combination of foot problems, arthritis and
heart problems had most impact on functional
disabilities on multivariate analysis

EQ-5D

Increasing numbers conditions significantly
associated with lower EQ-5D scores on
multivariate analysis

Griffith
2010
Canada
(199)

Population
based
sample

Self-report of ≥ 2
from list of
12 conditions

8858 adults
≥ 65 years

72.0% with > 2
conditions

Heyworth
2009
UK
(200)

Primary care
registered
patients

Self-report from a
list of 6
conditions,
confirmed by
chart review

4836 adults
Mean age
47.9

A significant association between 11 conditions
and functional disability.
(p<0.05)

(p<0.001)

24% had ≥ 2
conditions
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Hunger
2011
Germany
(201)

Jayasinghe
2009
Australia
(202)

Population
based
4412 adults
≥ 65 years
Primary care
96 General
practices
7606 adults
> 18years

Joshi
2003
India
(203)

Mean age
59.1
Population
based survey
200 adults ≥
60 years

Self-report of ≥ 2
conditions from a
list of 6 conditions
Prevalence of MM
within sample not
reported
Software selected
patients with at
least one of three
chronic
conditions.
MM: two or more
chronic
conditions. n=
1497 (19.7%)
Self-report of
conditions (ICD10 codes)
confirmed by
chart review

EQ-5D

Combinations of conditions significantly
associated with reduced EQ-5D index scores on
multivariate analysis (examined in pairs and
compared to single condition alone)
(p<0.0001)

SF-12

Number of chronic conditions negatively
associated with PCS-12 scores (physical
component summary).
(p<0.001)

Standardised
Rapid
Disability
Rating Scale-2

83% had ≥ 4
conditions
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Number of conditions significantly associated
with increased mean disability scores
(p<0.001)

Kadam
2007
UK
(122)

Primary care
registered
patients
9439 aged ≥
50 years

Kadam
2009
UK
(204)

Primary care
8791 English
aged ≥ 50
years
7753 from
Netherlands
aged ≥ 18
years

1. Simple
condition counts
using chart review
for ≥ 2 coded
conditions
81% had ≥ 2
conditions
2. Combinations
of 185 selected
conditions
classified by
severity on 4
point scale by GPs

SF-12
dichotomised
into poor and
good function

Classified based
on 78 conditions
which were
classified on a 4
point severity
index by GPs

SF-12

Increasing number of conditions significantly
associated with poor physical function.
AOR 1.6 for 2 or 3 conditions
AOR 5 for ≥6 conditions
Increasing strength of association between MM
severity and poor function
(p <0.005)

Higher morbidity severity was significantly
associated with poorer physical health on
multivariate analysis
(p<0.001)
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Keles
2007
Turkey
(108)

Community
based survey
4605 parents
/grandparent
s
Mean age
53.2 (male)
51.6
(female)

Kim
2012
Korea
(205)

Lawson
2013
UK
(206)

Population
based survey
1419 adults
≥ 65 years

Population
based survey
7054 aged ≥
20 years

Self-report of
conditions from a
list of 11
conditions

SF-12

As number of chronic conditions increased
physical functioning declined
Number of comorbidities an independent
predictor of physical functioning

46% of
participants >1
chronic condition
(n~ 2118)

Self-report of ≥ 2
conditions from
list of 20
conditions

(p<0.05)

EQ-5D

MM significantly associated with lower
EQ-5D index score in multivariate analysis
(p<0.05)

Mean 3.88
conditions
Self-report of ≥ 2
conditions from
list of 40
conditions
18% ≥ 2
conditions

SF-12 (no
breakdown
into physical
component
scores)
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Number of conditions all significantly associated
with reductions in SF-12 scores in multivariate
analysis
(p<0.0001)

Michelson
2001
Sweden
(207)

Mujica-Mota
2014
UK
(208)

Noel
2007
USA
(209)

Population
based survey
3069 adults,
Mean age 51

Population
based survey
831,537
aged ≥ 18
years
Primary care
enrolled
patients
422 adults
Mean age 57
years

Self-report from
list of 13
conditions
Categorised into
groups - no
problems (0
conditions); few
problems (1-2
conditions); some
problems (3-4
conditions) and a
lot (5-13
conditions)
28% had some or
a lot of problems

EORTC QLQC30:
Questionnaire
which
measures
health related
quality of life
(HRQOL)
specific to
Cancer

Multiple chronic health problems significantly
associated with reduced HRQOL (as measured
by EORTC QLO-C30)

Self-report of ≥ 2
conditions from
list of 12
conditions

EQ-5D

Number of conditions significantly associated
with decrease in EQ-5D scores in multivariate
analysis

23% ≥ 2
conditions
≥ 2 ICD-9 coded
conditions from a
list of 45
conditions

(p<0.001)

(p<0.0001)
SF-12

Multimorbidity group had significantly lower PCS
score (34.8) compared to single morbidity group
(39.5)
(p<0.001)

54%≥ 2
conditions
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Parker
2014
UK
(130)

Population
based survey
5849 adults
≥ 65 years

Self-report of ≥ 2
conditions from
list of 15
conditions,
verified by chart
review
HADS score for
depression

EQ-5D

Total number of conditions not associated with
decreased EQ-5D scores on multivariate analysis
(p<0.05)

26% ≥ 2
conditions
Rijken
2005
Netherlands
(210)

Wensing
2001
Netherlands
(211)

Primary care
sample
1673 chronic
disease
patients
Primary care
attenders
4040 adults
(28% ≥ 60
years)

Coded conditions
identified by chart
review from list of
six conditions

SF-36

Multimorbidity associated with significantly lower
PCS scores
(p<0.01)

13% ≥ 2
conditions
Self-report of ≥ 2
conditions from a
list of 25
conditions

SF-36

Increasing number conditions associated with
lower PCS scores but effect disappeared when
controlled for age
(p<0.01)

16% ≥ 2
conditions
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Table 3.2: Included Cohort Studies
Author
Publication
Year
Country

Population
and setting

Aarts
2012
Netherlands
(125)

Primary care
(Maastricht
Aging Study)
1184 adults
aged 21-84
years

Definition and prevalence
of multimorbidity (MM)

MM ≥2 chronic diseases cooccurring within one person

Functional
decline
outcome
measure/
s

Follow-up
period

SF-36

3 and 6 years

Losses to
follow-up
(%)

16.4% loss to
follow-up

Morbidities sourced from GP
database including all
current and past health
problems by clinician

Results

MM significantly associated
with poorer physical
functioning at all 3 follow-up
points (p<0.001)
Significant steep decline in
physical function between 3
and 6 year follow up in
those with MM (p<0.001)

96 included conditions
based on medical literature
and clinical experience

Participants whose
morbidity status changed
from baseline to 3 year
follow up (either to single or
MM) associated with
significantly lower physical
function (p<0.001)

35.5% > 2 chronic diseases
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Abizanda
2014
Spain
(132)

General
population
(FRADEA
Study)
842 adults
aged >70yrs

MM ≥2 chronic diseases in a
specific period of time.
14 pre-specified conditions
selected for prevalence and
impact on
disability/mortality

Barthel
index
(disability)

2 years
7.5% loss to
follow-up

Fried’s
criteria
(frailty)

Disability and frailty was not
associated with MM over
two years.
(p<0.05)

Chronic diseases identified
from medical records and
coded via ICD-10
580 >2 conditions (69.0%)
Bayliss
2004
USA
(123)

Primary care
(Medical
Outcomes
Study)
2708 adults,
mean age
57.6 years

No definition of MM reported
Self-report of 7 prespecified chronic conditions.
Condition presence also
sourced from records

SF-36
(PCS
scores)

Conditions chosen as of high
prevalence in practice and
in literature
686 > 2 chronic diseases
(25.3%)
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4 years
41.9% loss to
follow up

≥4 chronic diseases
associated with significant
decline in physical function
(p<0.05)
Reduction in PCS by 6.5
used as criteria for clinically
significant
< 4 chronic diseases no
association with physical
decline
Congestive Heart Failure,
diabetes and/or respiratory
disease predictive of
clinically significant decline
in PCS (p <0.05)

Byles
2005
Australia
(95)

Primary care
(Veteran’s
Affairs
Preventative
Care Trial)
1417 adults
≥70 years

Co-existence of multiple
diseases in the same
individual

SF-36

2 years
7.2% lost to
follow up

Self-reported MM
questionnaire consisting of
25 conditions

The presence of each
condition associated with
significantly lower SF-36
scores (except heart
bypass, stroke and
diabetes) (p <0.05)

Severity measure
incorporated and included
mild cognitive decline

Data not shown

1107 >3 conditions (78.1%)
Drewes
2011
Netherlands
(124)

General
population
(Leiden 85plus study)
594 adults
aged 85
years

MM ≥2 chronic diseases at
age 85 years
Chart confirmed presence of
9 common conditions prespecified

Quality of Life (QoL)
decreases as number of
conditions increases

Groningen
Activity
Restriction
Scale

234 > 2 chronic diseases
(39.4%)

5 years
53.9% loss to
follow up

Participants with MM had an
accelerated progression of
ADL (activities of daily
living) disability over time
compared to those without
MM (95% CI 0.21 -0.63, p<
0.001)
MM demonstrated
accelerated increase in ADL
disability in older people
with optimal cognitive
function (95% CI 0.39-0.95,
p<0.001)
This was not observed in
participants with lower
MMSE scores.
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Kiely
1997
USA
(133)

Community
based
(Sample first
drawn 1982:
Massachuset
ts statesupported
home care
programme)

No definition of MM reported
Self-report of 5 prespecified medical conditions

Functional
Dependenc
y Index
(FDI)

MM numbers not reported

3 years
22.5% loss to
follow up

Each additional medical
condition resulted in a
significant increase in the
FDI score (p<0.001)
Rate of decline did not differ
by total number of medical
conditions (p =0.67)

1060 adults
aged >65
years
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Nikolova
2011
Canada
(212)

Community
based
(Research
Program on
Integrated
Services for
the Elderly)
1164
disabled
adults
≥65 years
Disability
status
estimated
using the
Functional
Autonomy
Measuremen
t System
(SMAF)
Score >10
excluded

Comorbidity : number of
chronic diseases
Self-report of comorbidities
using 16 item questionnaire
Diseases not specified but
grouped into four
categories:

Functional
status
measured
using 7
item IADL
subscale of
the OAR
and Katz
ADL index

3 years
High rate of
attrition
discussed but
loss to follow
up number NR

Comorbidity burden is a
strong predictor in
developing IADL and ADL
disability (p <0.05)
6 diseases vs 0-1 disease
OR(95% CI)
IADL 6.42 (1.52; 27.18)
ADL 16.73 (3.08; 91.06)

0-1disease
2-3 diseases
4-5 diseases
≥6 diseases

4 -5 diseases vs 0-1 disease
OR(95% CI)
IADL 1.20(0.52; 2.80)
ADL 0.89 (0.26; 2.98)

1084 > 2 diseases (93.1%)

2-3 diseases vs 0 -1 disease
OR(95% CI)
IADL 1.00 (0.46; 2.20)
ADL 1.44 (0.49; 4.15)
≥6 morbidities-6 times
more likely to develop ADL
disability and 17 times more
likely to develop IADL
disability
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Prior
2011
UK
(213)

Primary care
4672 adults
aged ≥50
years

Comorbidity –number of
chronic diseases

SF-12
(PCS)

Record confirmed condition
counts over previous 2
years

3 years
46% loss to
follow up

Cardiovascular cohort:
higher comorbidity and
increasing severity in
disease associated with
greater deterioration in PCS.
Significant deterioration
shown for HTN (p<0.001)
with PCS score deteriorating
by -0.86 over three years

In addition to number of GP
consultations for morbidity
in 2 year period
Specific cardiovascular and
musculoskeletal conditions
(n=15) chosen as most
prevalent in developed
countries

Musculoskeletal cohort: no
association

Stage of disease as proxy
for severity
561 > 1 CVD &MSK
condition
MM in overall group not
reported
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Rigler
2002
USA
(214)

Community
based
(Veteran’s
Affairs
Medical
Centre)
492 adults
aged ≥65
years

Comorbidity scores: based
on sum of the domains
affected, and the sum of the
domains which patients
reported affected function.
Self-report of 18 prevalent
conditions from 8 organ
domains via self-report

MOS-36
Physical
Function
Index
Self-report
ADL and
IADL

1 year
7.2% loss to
follow up

Increasing comorbidity
significantly associated with
increased risk of future
functional decline
(p <0.001)
OR 1.09: 2 conditions
OR 2.41: > 3 conditions
Presence of ADL and IADL
problems at baseline
demonstrated to have a
significant impact on new
ADL problems developing at
one year (p <0.001)

335 > 2 diagnoses (68.1%)

OR 4.77: 1 IADL problem at
baseline
OR 15.6: 1 ADL problem at
baseline
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Table 3.1a Abbreviation descriptions
AOR
ADLs
CIRS
CDC- HRQOL

Adjusted Odds Ratio
Activities of daily living
Cumulative Illness Rating Scale
Centres for disease control and prevention: Health-related
quality of life
Cardiovascular disease
The European Quality of Life 5 Dimension measure
Functional Dependency Index
General practitioner
Hospital Anxiety and Depression Scale
Health maintenance organisation
Health related quality of life
Hypertension
Instrumental activities of daily living
International classification of disease
International classification of primary care categories
Katz Index of activities of daily living (six functions
assessed bathing, dressing, toileting, transferring,
continence, and feeding)
Minimum Data Set assessment for Home Care
Medical Outcomes Study health survey
Musculoskeletal
Older American Resources and Services
Physical component scores of the SF-36 /SF-12
12 Item Short Form Survey of mental and physical
functioning and overall health-related-quality of life
36 Item Short Form Survey of mental and physical
functioning and overall health-related-quality of life

CVD
EQ-5D
FDI
GP
HADS
HMO
HRQOL
HTN
IADLS
ICD-10
ICPC
Katz ADL Index
MDS-HC
MOS-36
SF-12 MSK
OARS
PCS
SF-12
SF-36
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3.3.2

Description of included studies

Cross sectional studies
The 28 cross-sectional studies included 1,357,498 participants in total.
Overall, 22 of the 28 studies included participants aged over 50 years
with 11 of these including participants aged 60 years or older. Sample
sizes varied from 186 (197) to 830,537 (208). The studies were carried
out in twelve different countries, the majority in Europe (n=13) and
North America (n=11). A total of 22 studies measured multimorbidity
using the definition of two or more conditions with three studies using
three or more conditions. Two studies used weighted indices such as
the Charlson Co-morbidity Index to measure the degree of
multimorbidity. Ascertainment of conditions varied between self-report,
physician report, chart review and use of software, with the majority
(n=17) using self-report to identify conditions. To note, five of the 28
studies did not include mental health conditions. (199-202, 210) There
was a significant variation in the prevalence of multimorbidity in
included studies ranging from 13% (210) to 90% (194).
Ten different validated outcome measures were used to measure
functional decline in the included 28 studies. Approximately half
(46.4%) used the SF-36 /SF-12, followed by 25% administering the
EQ-5D. The majority of cross-sectional studies demonstrated a
consistent association between multimorbidity and functional decline
(n=24/28). Twelve of these studies reported that higher condition
counts were associated with increased functional decline. In contrast
two studies concluded that there was no significant association between
the number of conditions and physical functioning.(130, 131) Two
studies reported that higher morbidity severity was associated with
poorer physical health. (10, 204)
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Cohort studies
A total of nine cohort studies included 14,133 study participants with
follow-up periods ranging from one to six years. (95, 123-125, 132,
133, 212-214) Six of these nine studies included participants 65 years
or older with sample sizes varying between 492 (214) and 4672.(213)
Four studies were conducted in Europe, four in North America and one
study in Australia. The majority defined multimorbidity as >2 chronic
conditions but most restricted condition inclusion using pre-defined lists
ranging from five to 96 conditions. Similar to the cross-sectional
studies, self-report was the most prevalent method of ascertaining
conditions (n=5), followed by identification through medical record
review (n= 4). There was similar variation in prevalence rates of
multimorbidity in the cohort populations as compared to the crosssectional studies, ranging from 25.3% to 93.1%. Five different
validated outcome measures were used with just over half of the cohort
studies (n=5) using the SF-36 or SF-12 as their measure of functional
decline.
Seven of the nine cohort studies reported that baseline multimorbidity
predicted future functional decline. (95, 123-125, 212-214) Five studies
out of nine established that any degree of multimorbidity was predictive
of functional decline. (95, 124, 125, 213, 214) Two of these studies
stipulated that specific numbers of chronic conditions at baseline were
predictive of future decline.(123, 212) The remaining two studies
reported that higher numbers of conditions were needed to predict
future decline with Nikolova (212) reporting significant functional
decline only for those with four or more conditions and Bayliss (123)
reporting it for those with six or more conditions. Two studies found no
significant relationship between functional disability and multimorbidity
over time.(132, 133) Abizanda et al (2014) stated that disability and
frailty were not associated with multimorbidity over two years.(132)
Kiely et al (1997) reported that additional conditions were associated
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with increased impairment at baseline but that functional decline over
time did not differ between subjects with no conditions and those with
multimorbidity.(133)
Five studies examined condition type, disease severity and the impact
of cognitive impairment on functional decline. Bayliss (123) examined
condition type and reported that those with congestive heart failure,
diabetes and/or chronic respiratory disease were at greater risk of
functional decline over time compared to other conditions. Prior (213)
also examined condition types and reported that those with
cardiovascular disease were more likely to have deterioration in
physical health compared to those with musculoskeletal conditions.
Disease severity was also examined in this study and was found to
predict greater functional decline.(213) Two cross-sectional studies
examined six different conditions and their combinations.(201, 210)
Hunger (201) reported that stroke and bronchitis in combination had
the greatest negative impact on function. Rijken (210) stated that
combinations of diabetes, cardiovascular disease and chronic
respiratory disease lead to a higher risk of physical disability. Drewes
(124) examined the role of cognitive impairment in predicting disability
in patients with multimorbidity. They found that multimorbidity
predicted an accelerated increase in ADL disability in participants with
optimal cognitive function at baseline, but not in participants with lower
MMSE scores at baseline. This may be explained by the fact that those
with poor cognitive function at baseline already had higher levels of
disability so had less change in function over time.
One study analysed the accrual of additional conditions over time and
the impact that this had on function decline.(125) The authors reported
that participants whose morbidity status changed from baseline to
three year follow up (either to single or multimorbidity) had
significantly lower physical function at follow up.
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3.3.3

Risk of bias in included studies

Overall, the methodological quality of the included studies was good.
There can also be reasonable confidence that multimorbidity was
measured appropriately. The majority of cross-sectional studies used
valid and reliable outcome measures (n=18) and most studies
accounted for possible confounders (n=24). All included papers used
valid outcome measures however, blinding and details of assessors was
not reported in all. The majority of the cohort studies reported
adequate follow up over time (n=6) along with appropriate adjustment
for confounding (n=7). Overall, the outcome measures used were
suitable and participant groups were well matched. The risk of bias
assessment is presented in Figures 3.2A and 3.2B.

Figure 3.2. A: Methodological quality assessment of the included
cross-sectional studies as per Cochrane Tool for risk of bias
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Figure 3.2 B: Methodological quality assessment of the included
cohort studies as per Cochrane Tool for risk of bias

3.4 Discussion
3.4.1

Principal findings

This systematic review retrieved 37 relevant studies (nine cohort
studies and 28 cross-sectional). Overall the majority of studies
demonstrated an association between multimorbidity and functional
decline. In addition, seven of the included cohort studies reported that
multimorbidity had a longitudinal association with future functional
decline.(95, 123-125, 212-214) This was more marked with increasing
numbers of conditions and was also linked to condition severity. Two of
the nine cohort studies reported no significant association between
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functional disability and multimorbidity over time.(132, 133) The
conditions included in these two studies did not vary considerably from
the other seven studies which did demonstrate significance [See
Appendix 10]. However, these two studies included older participants,
age >70years (132) and age>65 years.(133) Abizanda (132), actually
reported that functional ability was already impaired at baseline. It
could be argued that the detection of further functional decline was
limited due to the age group of participants. The other seven cohort
studies had various ages of participants included with the mean age
being <57 years for two studies.(123, 125)

3.4.2

Findings in context of previous research

The findings of this review are consistent with existing evidence linking
multimorbidity and poorer health related quality of life.(7, 183) As
highlighted in Chapter 2 (Section 2.8) functional decline is
independently associated with poorer health outcomes. This study is
also consistent with the qualitative literature exploring the perspectives
of patients with multimorbidity, which highlights problems with daily
functioning (See Table 2.3 in section 2.11).(152) Some of the impact of
multimorbidity on functional decline may relate to the emerging
concept of treatment burden (215) as those with multiple conditions are
more likely to be attending multiple healthcare providers and
undergoing complex treatments. This study emphasises the need to
carefully consider functional decline in patients with multimorbidity. As
discussed in Chapter 2 (Section 2.12) the Cochrane review of
community-based interventions to improve outcomes for people with
multimorbidity suggested that interventions that target functional
decline could have a role to play in improving outcomes.(185) Evidence
has demonstrated that engaging in physical activity is inversely
associated with health care utilisation and is associated with increased
life satisfaction.(85, 148, 182, 185)
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3.4.3

Strengths and limitations

This review employed robust and transparent methods to identify,
select, appraise and synthesise primary research exploring the
association between multimorbidity and functional decline. At least two
independent reviewers were involved with study identification, data
extraction and quality appraisal. The review was also carried out using
vigorous methods incorporating the PRISMA guidelines.(184) In
addition the protocol was prospectively registered [See Appendix 7].
However, there was considerable variation in study design, participants,
multimorbidity definitions, follow-up duration, and outcome measures
which resulted in meta-analysis not being possible. The included studies
also varied widely in the number and age of participants. This will have
introduced some selection bias. For example, one study reported that
20% of non-responders and 10% of responders were less than 40 years
of age.(202) There was also disparity in the prevalence of
multimorbidity in the included studies and not all studies examined the
impact of numbers of conditions or condition type and possible
combinations or condition severity. The study settings varied which
adds to generalizability though all were conducted in high income
countries so results may not apply outside these settings. A further
potential limitation was that only studies published in English were
included.
3.4.4

Clinical practice and research implications

This systematic review adds to the growing evidence base examining
the negative impact of multimorbidity on patient outcomes. It
highlights a potential cumulative effect in that both multimorbidity and
functional decline independently predict poorer outcomes. A possible
mechanism could be that additional conditions impact upon physical
capacity /physical activity levels and lead to functional decline over
time. Two studies included in the updated Cochrane review had a
strong focus on physical functioning and investigated occupational
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therapist and physiotherapist led interventions.(17, 159) Both studies,
as discussed in Chapter 2 (Section 2.12.1 and 2.12.2) reported
significant improvements in patient outcomes including functional
capacity with one demonstrating a reduction in mortality over
time.(159) Future research should focus on the development and
testing of interventions that incorporate a multidisciplinary approach
that prioritises physical function for patients with multimorbidity. This is
particularly important for patients with higher numbers of conditions
and greater disease severity. Such an approach was also advocated in a
clinical management review of multimorbidity, which suggested that,
depending on patient priorities, general practitioners should consider
referral to allied health professionals who can intervene to prevent
physical decline.(69) An interesting reflection is the overlap between
multimorbidity and frailty as concepts as discussed in Chapter 2
(Section 2.9). Frailty has characteristics which also can be linked with
functional decline. However, older people who present with frailty
commonly have multiple chronic conditions yet the majority of people
with multimorbidity are not characteristically frail. This is also
highlighted by the NICE Guidelines for Multimorbidity (2016), also
detailed in Chapter 2 (Section 2.3.1), which advised that frailty should
be assessed in people with multimorbidity.(70)
Given the complexities pointed out in this review around participant
selection and definitions of multimorbidity, future research should be
mindful that such variability in terminology exists and carefully consider
these issues when developing and reporting interventions.(69) This
review also highlights that defining the target population for
interventions is also difficult for researchers. A specific choice of
multimorbid patient e.g. complex multimorbid would help with
reproducibility of interventions however by defining patient type could
limit the applicability of the intervention.
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This review examines one direction of effect, i.e. that baseline
multimorbidity predicts future functional decline but it is also possible
that poor physical functioning will lead to worsening of multimorbidity.
For instance, patients with poorer physical function may be less able to
engage in physical activity, which may then worsen health through
weight gain or other effects on well-being. There is also considerable
overlap with the concept of frailty which is receiving increasing
attention in the literature.(216) The relationship between physical
activity and physical functioning and the development or worsening of
multimorbidity over time will be examined in the next Chapter.

3.4.5

Updated search

The above study was accepted for publication by BMC Health and
Quality Outcomes and published in October 2015 [See Appendix 2].
Due to the time lapsed between publication and writing up of this thesis
an updated literature search from November 2014 to September 2017
was completed. A total of 2,792 new papers were identified, twentyfour of which were full text article screened for presence of our
inclusion criteria. Thirteen papers matched the inclusion criteria, eleven
were cross-sectional in design and two were cohort studies. Those
excluded (n=11) were due to multimorbidity not being the focus of the
study (91, 217-219); no validated measure of functional status (121,
220-222); an index condition used along with other conditions (223,
224); functional status was not primary outcome of the study (225)
(See Figure 3.3). A summary of included new study findings are
displayed in Table 3.3 and Table 3.4.
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Figure 3.3 Flow diagram of updated search

Studies identified by electronic
base search
n= 2,792

Titles excluded based on Title
&Abstract
n= 2,768

Full text papers read for eligibility
n= 24

11 Papers excluded
x
x
x
x

Papers selected for inclusion
n= 13
Cross-sectional studies n=12
Cohort studies n= 1
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Multimorbidity not focus of the study
(n=4)
No validated measure of functional
status (n= 4)
Index condition used along with other
conditions (n= 2)
Functional status not primary outcome
(n=1)

Table 3.3: Updated Search: Cross-sectional Studies

Author
Publication
Year
Country

Population
and setting

Definition and prevalence
of multimorbidity (MM)

Functional
decline
outcome
measure/s

Results

AlonsoMoran
2015
Spain
(226)

1,125 users of
a state telecare service
>64 years

>2 chronic conditions

EQ-5D

MM was associated with lower
quality of life with each additional
disease reducing quality of life
score (2.6 points less for each
additional disease)
(p < 0.001)

Garin
2014
Spain
(227)

3,625
community
residing adults
>50 years

>2 co-occurring conditions

World Health
Organisation
Disability
Assessment
Schedule
(WHODAS)
2.0.

The number of chronic conditions
was associated with substantially
lower quality of life and greater
disability

1,035 (92%) with MM

1,378 (38.3%) with MM

World Health
Organization
Quality of Life
instrument
(WHOQOLAGE)
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Beta ranging from -3.26 (95% CI: 4.66, -1.93) in those with one
condition to -18.10 (95% CI: 20.95, -15.25) in the group with
four or more conditions
(p < 0.001)
Women suffered from higher rates
of multimorbidity

Lang
2015
USA
(228)

3,058 women
aged 40-64
years

>2 chronic conditions

EQ-5D

MM was associated with
significantly poorer health related
quality of life
0, 1, 2, and ≥3 conditions, means:
0.92, 0.87, 0.77, 0.61, respectively
( p<0.01)

Minimum Data
Set-Health
Status Index
(MDS-HSI)

Significant inverse relationship
between HRQL and number of
chronic diagnoses -HRQL decreased
incrementally with additional
diagnoses
(p < 0.05)

6 specific conditions
included
764 (25%) with MM

Mondor
2016
Canada
(21)

Home-care
clients

MM > 2 diagnosed chronic
conditions

106,159 adults

16 conditions based on
prevalence and economic
burden

Mean age:77.6
years

Muller
2017
Netherlands
(229)

Mean conditions 4.1
(SD=1.9)

Strongest significance in younger
age groups (<65 years)

General
population

multiple chronic morbidity
(multiple CM) >2 conditions

25,214 adults
>50years

7,171 (28.4%) with MM

RAND-36

Middle-aged and older individuals
with MM have impaired role
functioning compared to healthy
individuals
Disease burden increases with
increasing number of morbidities
within the same individual
(p<0.001)
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RamondRaoquin
2016
Canada
(230)

1,710
communitydwelling adults,
Between 25
and 75 years

≥2 chronic conditions out of
list 21 or 6 conditions
21 condition list:
1091 (63.8% ) with MM

Medical Outco
mes Study
Short-Form
SF-12v2

A significant association between
multimorbidity status and physical
health related quality of life
irrespective of MM definition
(p<0.001)

Functional
Independence
Index (FIM)

Multimorbidity was strongly
associated with lower functional
independence in older adults
(OR = 2.06, 95% CI = 1.68–2.53)
(p<0.05)

6-condition list:
237(13.8%) with MM
Wang
2017
China
(231)

General
population

MM ≥2 chronic diseases in a
specific period of time.

2,705 adults
aged >60yrs

1,230 (45.5%) >2
conditions

Hypertension and chronic pain
accounted for the biggest loss in
functional independence, whether
alone or co-occurring
Wang &
Palmer
2017
Australia
(232)

General
population

>2 chronic conditions
occurring at the same time

8,841
participants
>16years

4,067 (46%) with MM

Assessment of
Quality of Life
(AQoL-4D)

A significant inverse relationship
between multimorbidity and health
related quality of life
(p<0.05)
A simple count failed to identify if
there are specific conditions of
interest that are driving poorer
health related quality of life
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Walker
2016
France
(233)

General
population
5,647 adults
> 55 years

>2 chronic conditions
(n=19)

Waterhouse
2017
South Africa
(234)

General
population

Co-existence of two or more
diseases

3,055 adults
>50 years

403 (13.2%) with MM

General
population

≥2 chronic conditions

Williams
2016
USA
(235)

23,789 adults
>18 years

3,578 (63%) with MM

53% 45-64 years with MM
84% ≥65years with MM

Medical
Outcome
Study Short
Form 36 (SF36)
Duke Health
Profile

Two different multimorbidity
patterns were identified. Pattern A:
mental illness and bone
impairments. Pattern B:
cardiovascular and metabolic
disorders. Pattern A and B were
associated with reduced quality of
life for the physical components of
each quality of life questionnaire
(p < 0.001)

World Health
Organisation
Disability
Assessment
Schedule
(WHODAS
2.0)

MM was significantly associated
with disability
(p<0.001)

Medical Outco
mes Study
Short-Form
(SF-12v2)

MM was significantly associated
with poorer quality of life, functional
health status and physical
functioning
(p<0.01)
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MM can be used to identify those
most at risk of severe disability

Quah
2016
Malaysia
(236)

General
population
498 primary
care patients
> 65 years

≥2 chronic conditions

EQ-5D

498 (89.4%) with MM

Modified
Barthel Index
of Activities of
Daily Living
(ADL) scale
Lawton and
Brody
Instrumental
Activities of
Daily Living
(IADL) Scale
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Health related quality of life was
inversely associated with the
number
of chronic conditions
(p<0.05)
The EQ-5D
index score decreased significantly
when the number of conditions was
more than five

Table 3.4: Updated search: Cohort Studies

Author
Publication
Year
Country

Population
and
setting

Definition and
prevalence of
multimorbidity
(MM)

Functional
decline
outcome
measure/s

Follow-up period

Rizzuto
2017
Sweden
(237)

General
population

Multimorbidity was
defined as the cooccurrence of any
two or more of 38
chronic conditions in
the same individual,
whether coincidental
or not.

Katz Index of
activities of
daily living

11 years

1,099
adults >78
years

774 (70.4%) with
MM
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Results

Losses to follow-up
(%)

The dropout
rate was 35%
(25% due to death
10% due to refusal or
moving from the area)

MM was associated with
greater dependence and
increased disability over
time. (p Value Not reported)
People with multimorbidity
lived 81% of their remaining
years of life with disability
(in need of assistance with
activities of daily living)
Median 5.2 years

3.4.6

Summary of newly published studies

Cross-sectional studies
There were a total of 160,212 participants in the eleven cross-sectional
studies. The majority of studies focused on participants >50 years
(n=7). The sample sizes varied between 498 and 106,159
participants.(21, 236) The outcome measures used also varied with EQ5D (n=3) and WHO-DAS (n=3) being the most prevalent. Four studies
were carried out in Europe, four in North America, one in Asia, one in
Australia and one in Africa. Aside from the countries where the studies
were carried out the new studies were similar to previously included
studies. The results of the twelve studies were similar to the main
published review findings with multimorbidity being associated with
poorer quality of life, functional status and physical functioning. In
terms of methodological quality an assessment was completed as per
the amended Cochrane Tool for Risk of Bias. All studies included a
suitable measure of multimorbidity and the majority of studies had a
consistent participant selection process along with inclusion of
appropriate outcome measures. Adjustment for applicable confounders
was reported in most of the new studies identified.
Cohort studies
There was one cohort study identified in the updated search and its
details are summarised in Table 3.4. The authors identified that
multimorbidity was associated with greater dependence and increased
disability over time.(237) They reported that specific conditions can
effect survival and function however the highest negative effect on the
individual (greater dependence) and societal (years spent with
disability) levels was due to the presence of multimorbidity.(237)
Rizzuto (237) acknowledged that that development of chronic
conditions could represent the initial change from functional
independence to disability but that it is a complex relationship. In
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comparison with the nine cohort studies previously reviewed this cohort
study had a longer follow up time (11 years). Otherwise this study had
a comparable definition for multimorbidity, included a similar number of
chronic conditions (10 groups of physical and mental conditions) and
included participants aged 78 years and older. Six of the nine
previously reviewed cohort studies included participants aged 65 years
or older. The outcome measure used (Katz ADL) was also used by a
previous cohort study.(212) Methodological quality assessment of the
cohort study (as per Cochrane Tool for Risk of Bias) demonstrated that
the research study was of good quality. The measurement of
multimorbidity and outcome measure used were suitable and the
participant selection and baseline characteristics were similar. Age sex
and education were adjusted for during analysis and it could be argued
that other important confounders were omitted such as smoking status
and presence of obesity.
To conclude this section, the new studies identified in the updated
search would not change the results of the main published systematic
review. Furthermore, there were no significant changes to risk of bias
profiles after the updated search was completed.

3.5 Conclusion
This systematic review suggests that multimorbidity predicts future
functional decline, which in turn will worsen health outcomes.
Understanding the factors that interact with function and quality of life
is essential to prevent and deal with these problems at a public health
level. This review highlights that interventions are needed which
effectively protect physical function in patients with multimorbidity to
prevent this inevitable cascade towards poorer health outcomes. A
physical activity and education intervention will be discussed in Chapter
5.
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Chapter 4: What is the impact of physical
activity and physical function on the
development of multimorbidity over time?
(Study 2)
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4.1 Overview
In this chapter, the impact of levels of physical activity and physical
function on the development and worsening of multimorbidity over time
is assessed. This chapter provides the rationale behind the study,
including a detailed account of the data source used (The Irish
Longitudinal Study on Ageing). The aims of the study are presented in
Section 4.1.3. Ethical approval is detailed in Section 4.2.4 and Section
4.2.5 describes data management and data cleaning completed. The
details of the statistical analyses are presented in Section 4.2.9 and
Section 4.2.10. Results are described in Section 4.3 and the chapter
concludes in Section 4.4 with a discussion of the results including
strengths and limitations. This study has been peer reviewed and
accepted for publication by the Journals of Gerontology –Series A [See
Appendix 3].
4.1.1

Rationale for Study

As previously discussed in Chapter 2, multimorbidity is now the norm in
primary care clinical practice as opposed to the exception.(12, 75) It
has been shown to be associated with increased healthcare utilisation,
increased emergency hospital admissions and reduced quality of
life.(177, 178) Complex multimorbidity, defined as three or more
chronic conditions affecting three or more body systems can be
especially challenging and associated with higher healthcare utilisation
and polypharmacy.(69) Considering its impact on patient outcomes it is
imperative for health care policy makers and providers to understand
the factors which contribute to multimorbidity development.
It is acknowledged that there are non-modifiable risk factors associated
with the development of multimorbidity for example age and sex.(69)
However, as discussed in Chapter 2 (Section 2.6) there is limited
knowledge around modifiable risk factors such as lifestyle risk factors
and their impact on multimorbidity development. A significant paucity
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of research was noted in the area of physical activity levels and
multimorbidity risk when reviewing the literature. Additionally little is
known about physical function levels in older adults and their
association with multimorbidity development over time.
As detailed in Chapter 1 (Section 1.4) physical activity has globally
become a priority with approximately one third of adults worldwide
being inactive and older adults being at particular risk of
inactivity.(238) The ageing process where functional and structural
changes occur to the cardiovascular and musculoskeletal systems can
be partly responsible for the lower rates of physical activity in older
adults. However, older adults who are more physically active have
lower rates of cardiovascular disease, cancer and all-cause mortality
along with improved cognition and reduced risk of falling.(25) In
addition physical activity has been demonstrated to prevent or reduce
functional decline.(239, 240) It has been proposed given the wealth of
evidence that physical activity should be a main priority for the
prevention and treatment of diseases in older adults.(241)
As highlighted in Chapter 1 (Section 1.5) poor physical functioning is
also linked to adverse health outcomes and is addressed by the WHO’s
International Classification of Functioning, Disability and Health
(ICF).(57, 58) The systematic review conducted in Chapter 3 reported
the association between multimorbidity and functional decline in
community dwelling adults and concluded that multimorbidity is
associated with poorer function and with future functional decline. The
review indicated that there is greater functional decline in patients with
higher numbers of conditions and greater disease severity.(242) It had
not yet been identified whether the effect also occurs in the opposite
direction i.e. do poor levels of physical activity and function lead to the
development of multimorbidity over time? This study was designed to
answer this question.
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The association between physical activity and multimorbidity has not
been extensively studied. Much of the published literature on this topic
has only focussed on physical activity and the development of frailty,
few have considered physical activity and multimorbidity.(243, 244) As
discussed in Chapter 2 (Section 2.10) the literature which exists
examining the association between multimorbidity and physical activity
has demonstrated mixed results. Autenrieth (134) found a significant
association between multimorbidity and physical activity in men aged
65 -94 years but not in women. Cimarras-Otal (135) reported a
significant association between physical activity and multimorbidity in
older males (over 74 years) and young females (16 - 24 years). In
contrast, two other studies based in North America did not find any
association.(138, 245) Hudon (138) included participants aged 18 -69
years and Fortin (245) included those aged 45 years or older.
The discussion in Chapter 2 (Section 2.10) highlighted that much of the
research in physical activity and multimorbidity has been carried out
using cross-sectional designs with limited capacity to determine the
prospective relationship. One recent longitudinal study identified an
inverse-dose response relationship over a period of eleven years in that
the odds of multimorbidity being present were lower in those who were
physically active compared to those physically inactive.(137) However
there were limitations in this study as discussed in Chapter 2 (Section
2.10), mainly the use of a study specific outcome measure for physical
activity which demonstrated moderate correlation with moderate to
vigorous activity only.(137)
4.1.2

Data on Multimorbidity in Ireland

In Chapter 2 (Section 2.5) the prevalence of multimorbidity in Ireland
was discussed. The various studies which reviewed the prevalence were
described and the various methods in which prevalence figures were
obtained made comparability difficult. The most appropriate measure to
reflect levels of multimorbidity at a population level would be to use a
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large healthcare database which records confirmed clinical diagnosis. In
Ireland the Hospital In-Patient Enquiry Scheme (HIPE) collects
information on hospital day cases and in-patients. However, use of this
data alone would present significant bias by omitting all those with
multimorbidity who have not attended a hospital. In addition, this
system is not in use in private hospitals. Ireland is in the process of
assigning individual health service identification numbers to all
inhabitants of the state. However, this initially will record patient’s
names, date of birth, sex, address and nationality and no clinical
information will be documented rendering it impossible to identify
clinical diagnoses at a population level. Therefore a representative
population based cohort study is the best option to study the presence
of multimorbidity of community-dwelling adults in Ireland.
4.1.3

Study Aims

The primary aim of this study:
x To assess the impact of physical activity and physical function on the
development of multimorbidity over a two year period in an older
population without multimorbidity at baseline (T0)
Secondary aims included:
x To assess the impact of physical activity and physical function on
the worsening of multimorbidity over a two year period in a
population of older adults with established multimorbidity at
baseline (T0).
x To assess the impact of physical activity and physical function on
the worsening of multimorbidity over a two year follow up period
(T1) in a population of older adults who had complex
multimorbidity at baseline (T0).
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4.2 Methods
4.2.1

Study Design

In order to answer the question secondary analysis of a longitudinal
cohort study was completed. The STROBE Guidelines for reporting
observational studies were utilised in the reporting of this
study.(246)[See Appendix 12]
4.2.2

Study Population /Data Source

Longitudinal cohort studies provide a robust method to assess the
impact of physical activity on the development of multimorbidity as
they allow control for baseline differences. They also can account for
confounding by time-varying factors using appropriate methods to
identify a possible longitudinal association.(247) The Irish Longitudinal
Study on Ageing (TILDA) is a population based cohort study assessing
health, economic and social aspects of ageing in the Republic of
Ireland. TILDA is a nationally representative study of over 8,175
community-dwelling residents aged 50 years and older.(248). TILDA
participant recruitment and Wave 1 baseline (T0) data collection was
carried out between October 2009 and February 2011 where
participants completed a computer-assisted personal interview (CAPI)
and a self-completion questionnaire in their own home. Participants
were subsequently invited to attend a dedicated health centre for a
comprehensive health assessment. Health assessments were carried
out by trained research nurses using standardised protocols.(249)
Wave 2 (T1) was carried out from February 2012 to March 2013 where
a computer-assisted interview only was completed.(250) Due to the
outcome measures used in this study, only those who completed a
health centre assessment in the first wave (T0) were included in the
analysis. Participants were included in the present study if they were
aged 50 years or over at baseline (T0) interview and had completed
their health assessment in a dedicated health centre. Patients with
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missing data across any of the three outcomes of interest were
excluded from data analysis.
This study is an analysis of the first (T0) and second (T1) waves of
TILDA.
4.2.3

TILDA sampling design

The study sample was recruited based on the Irish Geodirectory, which
is an up-to-date listing and mapping of all residential addresses in the
Republic of Ireland compiled by ‘An Post’ (the Irish Postal Service) and
Ordnance Survey Ireland.(248) An initial multi-stage probability sample
of addresses was chosen by means of the RANSAM sampling procedure,
developed by the Economic and Social Research Institute.(251) This
method of sampling was chosen as it permitted stratification and
clustering.(250) Geographic clusters were generated and 640 were
chosen to be used in the study, stratified according to geographical
location and level of socioeconomic status. All household residents aged
50 and older were invited to participate in the study. The household
response rate was 62% (250). All participants had to have the cognitive
ability to give consent at baseline (T0).
4.2.4

Ethical approval

Ethical approval for Wave 1 (T0) and Wave 2 (T1) of the TILDA study
was obtained from the Trinity College Dublin Research Ethics
Committee [See Appendix 13a & 13b]. Written informed consent was
required from participants for each element of the study. This approval
was submitted to the Royal College of Surgeons in Ireland (RCSI)
Research Ethics Committee who recognised it for the purposes of this
study [See Appendix 13c]. Clarification was provided to the RCSI
Research Ethics Committee that TILDA data is collected with consent
for secondary use and that the data would not be merged with other
datasets.
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4.2.5

Data access, management and data cleaning

An application was made to TILDA’s management team detailing the
proposed study with specific variables indicated as part of the request.
The proposed study was also presented to a Physical Health Working
Group in TILDA to update relevant TILDA researchers about the study.
The PhD candidate completed data protection training relevant to the
TILDA datasets. All data were analysed on site at the TILDA offices in
Trinity College Dublin (TCD). This data was available incorporating data
protection guidelines.
Stata Version 13.0 (Stata Statistical Software: Release 13. College
Station, TX: StataCorpLP) was used for analysis. The selected variables
were thoroughly checked and cleaned in preparation for analysis.
Duplicate and missing data was noted. Adhering to best practice
guidelines, all analysis results were stored in an encrypted file on the
PhD candidate’s personal computer.
4.2.6

Multimorbidity measurement

4.2.6.1 Included conditions
As previously reported in Chapter 2 multimorbidity can be defined in
multiple different ways. Consideration was given to defining
multimorbidity in clusters of conditions affecting different systems e.g.
cardiovascular system; respiratory system; endocrine system however
is was deemed that the TILDA dataset would prove too small for this
type of analysis.
Based on the latest literature on multimorbidity definitions,
multimorbidity epidemiology and on the data available within TILDA,
multimorbidity was defined as two or more chronic medical conditions
in an individual, using condition counts. Thirty chronic conditions were
included in TILDA based on their public health significance and their
prevalence in those > 50 years.(252) All of the TILDA conditions, which
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included both physical and mental chronic medical conditions, were
included in this study.
4.2.6.2 Multimorbidity groups
The study participants were grouped into two categories: no
multimorbidity (zero or one condition) and established multimorbidity
(two or more conditions) at baseline, Wave 1 (T0). In addition, a subgroup analysis was completed examining the group of participants with
complex multimorbidity (3 or more chronic conditions) at baseline (T0).
4.2.6.3 Overlapping conditions
The thirty included conditions were self-reported by the participant
answering the question ‘Have you ever been told by a Doctor you have
any of the following conditions?..’ at the Wave 1 (T0) interview. This
method of questioning is consistent with approaches used in the Health
and Retirement Study, the English Longitudinal Study of Ageing and the
Survey of Health, Ageing and Retirement in Europe.(253-255) This
question was posed to encourage participants to only report conditions
that have been diagnosed by a medical doctor and exclude those based
on a self-diagnosis. Within TILDA at Wave 2 (T1), the question posed to
participants was ‘since your last interview has a doctor told ever you
that you have any of the following conditions?..’ and conditions
reported at Wave 1 (T0) were regarded as ongoing.
Due to overlap between these 30 conditions, they were consolidated
into sixteen chronic medical conditions or groups of conditions: cardiac
conditions; cerebrovascular disease; hypertension; diabetes; high
cholesterol; chronic respiratory disease; liver disease; eye disease;
cognitive impairment; arthritis; osteoporosis; cancer; Parkinson’s
disease; emotional /psychological condition; stomach ulcers; varicose
veins. Six of the final 16 conditions comprised of merged condition
groups based on, conditions involving the same body system with
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similar treatment approaches. This is outlined in Table 4.1. There is no
specific code for multimorbidity in the TILDA database however each
condition has a unique code and therefore condition counts were
possible. Certain conditions were not included in the Wave 1 (T0)
assessment (atrial fibrillation; thyroid problems; serious memory
impairment). For this analysis these additional conditions were added
into an appropriate condition group so that the conditions in Wave 1
(T0) matched with the conditions reported in Wave 2 (T1).
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Table 4.1: List of chronic conditions used in the definition of
multimorbidity
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4.2.7

Physical activity measure

Outcome measure: the International Physical Activity Questionnaire
Levels of physical activity in TILDA were measured using the
International Physical Activity Questionnaire (IPAQ) short form.(256)
The IPAQ has been demonstrated to have acceptable reliability and
validity in measuring levels of physical activity.(257) Participants were
asked to indicate the number of days and typical time per day spent
walking and doing physical activities of vigorous or moderate intensity
during the last week. Vigorous activities require hard physical effort,
resulting in breathing much harder than normal for example heavy
lifting, aerobics or fast cycling. Moderate activities lead to breathing
somewhat harder than normal and can include carrying light loads,
cycling at a regular pace or doubles tennis. The total time spent in each
activity is weighted based on the energy requirements of the activity
giving a MET-minutes/week score for each participant. Each participant
was classified as having High, Moderate or Low activity levels based on
their MET scores as detailed in Table 4.2. (258)
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Table 4.2: Physical Activity Classifications TILDA
High Activity

Any one of the following 2 criteria:
x Vigorous intensity activity on 3 or more
days week
accumulating at least 1500 METminutes/week
OR
x Any combination of walking, moderate or
vigorous
intensity activities on 7 days per week
accumulating at
least 3000 MET-minutes/week

Moderate

Any one of the following 3 criteria:
x Vigorous intensity activity of at least 20
minutes on 3 or
more days per week
OR
x Moderate intensity activity of at least 30
minutes on 5 or
more days per week
OR
x Any combination of walking, moderate or
vigorous
intensity activities on 5 or more days per
week
accumulating at least 600 METminutes/week

Activity

Low Activity

4.2.8

x Meeting none of the criteria for high or
moderate activity

Physical function measures

Outcome measures: grip strength and gait speed
TILDA incorporates various objective measures of health assessment
these include: Timed Up and Go test, gait assessments, balance
assessments, visual acuity and contrast sensitivity along with grip
strength. In order to make the study as replicable as possible only
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validated and reliable outcome measures were included in the analysis.
Initially it was decided to include the Timed Up and Go test in the
study. However, on review of the literature this outcome measure is not
frequently used in younger populations (<65 years). In addition, a
recent systematic review has indicated the test has limited ability to
predict falls in geriatric populations therefore may not be useful as an
outcome measure.(259) This study was based on participants aged 50
years and older so it was decided to omit the Timed up and Go test
from the study.
Levels of physical function were assessed using two validated outcome
measures from the study: gait speed and grip strength.(249) Grip
strength and gait speed have been shown to be reliable measures of
physical function.(260) Grip strength has been reported to predict
accelerated dependency in activities of daily living and cognitive decline
in older people.(261) Gait speed has been described as the sixth vital
sign, it has been labelled as a principle indicator of health and has been
shown to be an inexpensive, reliable measure of physical function.(262,
263)
Grip strength was measured using a hydraulic grip dynamometer
(Baseline, Fabrication Enterprises, Inc., White Plains, NY), two
measures of handgrip strength were taken from the dominant hand and
the mean of these readings was calculated.(264)
Gait speed was measured using the GAITRite portable electronic
walkway system with embedded pressor sensors (GAITRite, CIR
Systems, Inc., Havertown, PA). Participants performed two walks at
their usual pace along a 4.88 metre (16 feet) walkway. They started
and finished walking 2.5 metre before and 2 metres after the walkway
to allow for acceleration and deceleration. The two walks were
combined and the average speed calculated (264).
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4.2.9

Statistical analysis

Chi-squared and t-test statistics were used to examine the
characteristics between the two groups at baseline (T0) –those
participants with established multimorbidity and those without.
Bivariate logistic regression models, multivariate logistic regression
models and Poisson regression models were conducted to investigate
the longitudinal relationship between levels of physical activity and
function with both the development of multimorbidity and worsening of
multimorbidity. The outcomes in this study are binary. However, while
cohort studies are commonly analysed by applying a logistic regression
to obtain odds ratios (ORs), in some circumstances, estimation of
relative risks (RRs) is also of benefit. Poisson regression can be used to
model data with binary outcomes and, with appropriate methods, it
provides valid risk estimates and confidence intervals. Through
completing a very minor modification of the statements used in the
model for logistic regression, a log-binomial model was run to get the
RR instead of the OR. Only the link function between the covariates and
outcome was changed. Using a Poisson model without robust error
variances can result in confidence intervals that are too wide therefore
robust error variance was included in the model. Evidence suggests
that relative risks are easier for readers to interpret compared to odds
ratios hence, a modified Poisson regression model with a robust
variance error was also incorporated into the analysis.(265, 266)
An example of the logistic regression model used read as follows:
logistic new_MMQ1 i.age3 i.sex ib2.edu3 ib1.BMIcat4 i.smoker_non
i.medcard_non i.FRexercise3 FRgripstrengthmean GRTspeed if
MMW1<2
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An example of the modified Poisson regression model read as follows:
glm new_MMQ1 i.age3 i.sex ib2.edu3 ib1.BMIcat3 i.smoker_non
i.medcard_non i.FRexercise3 FRgripstrengthmean GRTspeed if
MMW1<2,fam(poisson) link(log) nolog vce(robust)eform

Results are presented as adjusted odds ratios (OR) and relative risk
(RR) of the likelihood of the specified outcome, developing
multimorbidity or developing worsening multimorbidity. Probability
values and 95% confidence intervals (CI) for each adjusted OR and RR
are presented. RR’s and OR’s greater than 1 indicated an increased
likelihood of developing new conditions while RR’s and OR’s less than 1
represented a decreased likelihood of developing new conditions. Pvalues <0.05 were deemed significant. The ‘logistic’ command was
used for the logistic regression models and the ‘glm' command was
used for the Poisson regression models.
4.2.10

Confounders

Potential confounders were determined from the literature prior to
statistical analysis. A confounder was defined as ‘an unobserved
exposure of interest and also a potential cause of the outcome
interest’.(267)
Confounder variables were to meet three criteria; (See Figure 4.1)
x Be associated with the exposure (levels of physical activity and physical
function)
x Be a risk factor for the outcome (Multimorbidity/ developing new
condition/s)
x Not be an intermediate step in the causal pathway between levels of
physical activity and physical function and the development of
multimorbidity.
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Confounding variable

Levels of physical activity
and physical function

Multimorbidity
(Outcome)

(Exposure)

Figure 4.1 Confounding variable
The following variables met the criteria for being a covariate of both the
outcome of Multimorbidity and the exposure (levels of physical activity
and function), they were identified as confounders and were adjusted
for in the final analysis: age, sex, highest education level attained,
body mass index (BMI), smoking status and presence of state financial
support for healthcare (See Table 4.3).
Age and sex have been demonstrated to be associated with the
development of multimorbidity.(75) In order to make the analysis
comparable to other similar studies Age was categorised into ten year
age bands 50-59 years; 60-69 years; 70+ years.(135, 137) In addition
this categorisation is in keeping with the Irish healthcare service where
services are more freely available towards the over seventies age
group.
Education level was grouped as follows: primary/none; secondary;
third/higher and smoking status was defined as smoker or non-smoker.
BMI was calculated as weight/height2 with weight measured in
kilograms and height in metres (264). Height was measured using a
wall-mounted measuring rod (SECA 240, SECA, Birmingham, UK).
Weight was measured using electronic floor scales (SECA). BMI was
139

categorised as underweight (<18.5kg/m2); normal (>18.5 and <25
kg/m2); overweight (>25 and <30kg/m2) and obese (>30kg/m2). Due
to the small numbers (0.5%) of participants deemed as underweight,
this category was merged with the normal category for analysis. It was
discussed whether to include the waist to hip ratio instead of BMI
measurements however in order to make this study comparable with
previous studies it was decided to use BMI measurements only.
The presence of state financial support for healthcare was used as a
proxy for socioeconomic status. State support was divided into two
categories those with a medical or general practitioner (GP) card and
those without. The Irish Healthcare System was discussed in Chapter 1
(Section 1.2.1). The medical card is means tested and entitles holders
to free primary and secondary care along with the majority of
prescribed medicines and drugs. The GP card entitles holders to free
general practitioner visits. The income threshold for access to
government funded healthcare increases with age in that those >70
years are entitled to both cards.
It has been reported that the most appropriate measure of
socioeconomic status in older adults is occupationally derived social
class or education in combination with a deprivation indicator.(268)
However in older people level of educational attainment may only be an
indicator of those most advantaged versus the rest of the population as
between the 1950s and 1980s many individuals may have left the
education system after the minimum time required. There is no
deprivation indicator, such as the Townsend Index, collected in TILDA
due to limitations of using occupational classes therefore the presence
of state provided medical support were used in this analysis.(269)
Multivariate regression models were used to simultaneously adjust for
all confounders.

140

Table 4.3: Description of covariates adjusted for in multivariate
regression models
Variable

Format

Age Group

Categorical

Description of
categories
50-59 years
60-69 years
>70 years

Sex

Categorical

Male (reference) or
Female

Education

Categorical

Primary/ none
Secondary
(reference)
Third/ higher

BMI

Categorical

Underweight
(<18.5) &Normal
(18.5 25)(reference)
Overweight (25.130)
Obese (>30.1)

Smoking status

Categorical

Non-smoker
(reference)/
smoker

Insurance

Categorical

No medical/ GP
Card (reference)
Medical /GP Card
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4.3 Results
Characteristics of the sample
The baseline (T0) sample included 8,175 participants. 5,035 of the
8,175 participants participated in the health centre health assessment
and 4,823 of these competed the IPAQ, grip strength and gait speed
assessments (Figure 4.2). At baseline (T0), 2235 (46.3%) participants
did not have multimorbidity and 2588 (53.7%) had multimorbidity. The
two groups were significantly different in all categories at baseline (T0)
(Table 4.4). Those with multimorbidity were older than those without
multimorbidity at baseline (T0) and the majority in both groups were
non-smokers and in the overweight BMI category.
Those participants with complex multimorbidity are presented in Table
4.5. To note the majority of complex multimorbid participants were in
the Obese BMI category (n=615 /1488) and the majority were also in
receipt of state support for healthcare (n=819 /1488). Interestingly the
mean gait speed (cm/second) of the complex multimorbid participants
was slower than those with zero to two conditions across all age
brackets at baseline (T0). There was no significant difference noted
between males and female participants.
Of the 2235 participants with no multimorbidity at baseline (T0), 2087
(93.3%) were followed up two years later. By Wave 2 (T0), 638
(30.6%) had developed multimorbidity. Of the 2588 participants with
established multimorbidity at baseline (T0), 2415 (93.3%) were
followed up two years later. Of these, 1005 (41.6%) had developed
worsened multimorbidity in Wave 2 (T1) (Figure 4.2) The most
common conditions in study participants at Wave 2 (T1) are displayed
in Table 4.6 High cholesterol was the most prevalent condition
(n=1,862; 41.3%), hypertension (n=1,515; 34.0%) and arthritis
(n=1,187; 26.3%), while the prevalence of other conditions such as
diabetes, asthma, cataracts and osteoporosis varied from 8% to 12%.
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Figure 4.2 Study participants Flow Chart
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Table 4.4: Baseline (T0) characteristics of study participants

Age
50-59
60-69
70 +
Sex
Male
Female
Education
Primary/ none
Secondary
Third/ higher
BMI
Underweight (< 18.5)
& Normal (18.5 -25)
Overweight (25.1 -30)
Obese (>30.1)
Smoking Status
Non-smoker
Smoker
State support
No medical/ GP card
Medical/ GP Card
IPAQ
Low exercise
Moderate
High exercise
Grip Strength (kg)
50-59
60-69
70+
Total
Gait Speed (cm/second)
50-59
60-69
70+
Total

No
multimorbidity
0/1 condition
n= 2235
(46.3%)

Multimorbidity
2/more
conditions
n= 2588
(53.7%)

pvalue

1282 (57.4%)
697 (31.2%)
252 (11.3%)

893 (34.5%)
995 (35.4%)
696 (26.9%)

<0.001
(c)

1115 (49.9%)
1120 (50.1%)

1106 (42.7%)
1482 (57.3%)

<0.001
(c)

401 (17.9%)
1003 (44.9%)
830 (37.1%)

653 (25.2%)
1008 (38.9%)
926 (35.8%)

<0.001
(c)

578 (25.8%)
1021 (45.7%)
634 (28.4%)

527 (20.3%)
1097 (42.4%)
963 (37.2%)

<0.001
(c)

1865 (83.5%)
370 (16.5%)

2244 (86.7%)
344 (13.3%)

0.001
(c)

1628 (78.8%)
605 (27.1%)

1338 (51.7%)
1249 (48.3%)

<0.001
(c)

539 (24.1%)
761 (34.1%)
935 (41.8%)
Mean (SD)
28.5(9.9)
27.0(8.9)
24.6(8.6)
27.6(9.5)

782(30.2%)
994 (38.4%)
812 (31.4%)
Mean (SD)
26.8(9.8)
24.8(8.8)
21.9(8.3)
24.7(9.2)

<0.001
(c)

Mean (SD)
144.9(17.3)
138.0(18.3)
128.9(20.9)
140.9(18.8)

Mean (SD)
140.4(18.9)
132.3(18.2)
118.5(21.0)
131.4(21.0)

<0.001
(t)

<0.001
(t)

*Confounder variables missing <0.2% data in all cases; c= chi 2; t= t-test
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Table 4.5: Baseline (T0) characteristics of participants with Complex
Multimorbidity (>3 chronic conditions)

Age
50-59
60-69
70 +
Sex
Male
Female
Education
Primary/ none (1)
Secondary (2)
Third/ higher (3)
BMI
Underweight:< 18.5
& Normal: 18.5 -25
Overweight:25.1 -30
Obese: >30.1
Smoking Status
Non-smoker
Smoker
State support
No medical/GP card
Medical/GP Card
IPAQ
Low exercise
Moderate ex.
High exercise
Grip Strength (kg)
50-59
60-69
70+
Total
Gait Speed (cm/second)
50-59
60-69
70+
Total

Wave 1(T0)
0-2 conditions
n= 3335
(70.1%)

Wave1(T0)
3/more
conditions
n= 1488
(30.9%)

1755 (52.6%)
1097 (32.9%)
478 (14.3%)

420 (28.2%)
595 (40.0%)
470 (31.6%)

1598 (47.9%)
1737 (52.1%)

623 (41.9%)
865 (60.1%)

635 (19.0%)
1446 (43.4%)
1252 (37.5%)

419 (28.1%)
565 (38.0%)
504 (33.9%)

815 (24.4%)
1536 (46.1%)
982 (29.4%)

290 (19.5%)
582 (39.1%)
615 (41.3%)

2819 (84.5%)
516 (15.5%)

1290 (86.7%)
198 (13.3%)

2297 (68.9%)
1035 (31.0%)

669 (45.0%)
819 (55.0%)

815 (24.4%)
1916 (57.5%)
1324 (39.7%)
Mean (SD)
28.1(9.8)
26.2(8.9)
24.0(8.8)
26.9(9.5)

506 (34.0%)
559 (37.6%)
423 (28.4%)
Mean (SD)
26.7(10.2)
24.8(8.8)
21.1(7.8)
24.2(9.2)

Mean (SD)
144.1(17.4)
137.1(18.2)
125.8(20.6)
139.2(19.2)

Mean (SD)
138.5(19.9)
130.1(18.1)
116.6(21.3)
128.2(21.5)

*Confounder variables missing <0.2% data in all cases
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Table 4.6: Prevalence of chronic conditions in participants at Wave 2
(T1) (n=4,507)
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4.3.1
Analysis for the effect of independent variables on the
development of multimorbidity in those with no
multimorbidity (n=2,235) at baseline (T0)
At Wave 1 (T0), 2,235 participants presented with no multimorbidity
(<1 chronic condition). By Wave 2 (T1), 638 participants (30.6%) had
developed a new condition/s. Bivariate analysis was conducted followed
by multivariable logistic regression analysis using the independent
variables: age; sex; education level attained; BMI; smoking status;
presence of General Practitioner /Medical card (state supported
healthcare provision); International Physical Activity Questionnaire
(IPAQ) results; grip strength and gait speed and their association with
multimorbidity development.
Bivariate analysis demonstrated that increasing age, female gender,
state supported healthcare provision, gait speed and grip strength were
associated with the development of multimorbidity, whereas the levels
of physical activity were not (Table 4.7). With every one kilogramme
increase in grip strength and each centimetre per second increase in
gait speed the odds of developing multimorbidity decreased.
Logistic regression analysis demonstrated that between Wave 1 (T0)
and Wave 2 (T1) (two years) increasing age, obese BMI score, gait
speed and grip strength were independently associated with the
development of multimorbidity (Table 4.8). Once more for every one
kilogramme increase in grip strength and each centimetre per second
increase in gait speed the odds of developing multimorbidity decreased
in those with no multimorbidity at baseline (T0).

147

Table 4.7: Bivariate analysis for the effect of each independent variable
on the development of multimorbidity in those with no multimorbidity
at baseline (T0) n=2,235
Odds Ratio (95%
CI)
Age
50-59
60-69
70 +
Sex
Male
Female
Education
Secondary
Primary/ none
Third/ higher
BMI
Normal: 18.5 -25
& underweight:< 18.5
Overweight:25.1 -30
Obese: >30.1
Smoking
Non-smoker
Smoker
State support
No medical/GP card
Medical/GP Card
IPAQ
Low exercise
Moderate
High exercise
Grip Strength (kg)
Gait Speed (cm/second)

P Value

1.00
1.76 (1.40-2.21)
2.46 (1.62-3.74)

<0.001
<0.001

1.00
1.40 (1.16-1.69)

<0.001

1.00
1.41 (1.09-1.81)
0.91 (0.73-1.12)

0.009
0.348

1.00
1.06 (0.84-1.34)
1.34 (1.04-1.73)

0.645
0.022

1.00
1.14 (0.89-1.46)

0.311

1.00
1.68 (1.36-2.05)

<0.001

1.00
0.96
0.90
0.97
0.99

0.740
0.373
<0.001
<0.001

(0.75-1.23)
(0.71-1.14)
(0.96-0.98)
(0.98-0.99)
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Table 4.8: Multivariate logistic regression analysis for the effect of
levels of physical activity and physical function on the development of
multimorbidity in those with no multimorbidity at baseline (T0) n=
2,235
Odds Ratio (95%
CI)
Age
50-59
60-69
70 +
Sex
Male
Female
Education
Secondary
Primary/ none
Third/ higher
BMI
Normal: 18.5 -25
& underweight:< 18.5
Overweight:25.1 -30
Obese: >30.1
Smoking
Non-smoker
Smoker
State support
No medical/ GP card
Medical/ GP Card
IPAQ
Low exercise
Moderate
High exercise
Grip Strength (kg)
Gait Speed (cm/second)

P-value

1.00
1.50 (1.16-1.93)
1.68 (1.04-2.72)

<0.002
<0.034

1.00
1.08 (0.80-1.46)

0.617

1.00
1.16 (0.89-1.52)
0.94 (0.76-1.17)

0.278
0.581

1.00
1.13 (0.89-1.44)
1.41 (1.08-1.85)

0.322
0.012

1.00
1.13 (0.87-1.46)

0.375

1.00
1.20 (0.95-1.52)

0.127

1.00
1.00 (0.78-1.29)
1.06 (0.82-1.35)
0.98 (0.96-0.99)
0.99 (0.98850.9996)

149

0.992
0.674
0.003
0.038

4.3.2
Analysis of the effect of independent variables on the
development of multimorbidity in those with multimorbidity
(n=2,588) at baseline (T0)
At Wave 1 (T0), 2,588 participants presented with multimorbidity (>2
chronic conditions). By Wave 2 (T1), 1005 participants (41.6%) had
developed a new condition/s. Bivariate analysis was conducted followed
by multivariable logistic regression analysis using the independent
variables: age; sex; education level attained; BMI; smoking status;
presence of General Practitioner /Medical card; IPAQ; grip strength and
gait speed.
Bivariate analysis demonstrated that increasing age, state supported
healthcare provision, high physical activity levels, gait speed and grip
strength were associated with the worsening of multimorbidity
(development of new chronic conditions) (Table 4.9). Gait speed and
grip strength were demonstrated to be significant with every one
kilogramme increase in grip strength and each centimetre per second
increase in gait speed the odds of developing worsened multimorbidity
decreased.
Logistic regression analysis demonstrated that between Wave 1 (T0)
and Wave 2 (T1) two years later increasing age, state supported health
care, gait speed and grip strength were independently associated with
the development of worsening multimorbidity (Table 4.10). Similar to
bivariate analysis, with every one kilogramme increase in grip strength
and each centimetre per second increase in gait speed the odds of
developing worsened multimorbidity (new chronic condition/s)
decreased.
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Table 4.9: Bivariate analysis for the effect of levels of each independent
variable on the worsening of multimorbidity in those with
multimorbidity (n=2,588) at baseline (T0)
Age
50-59
60-69
70 +
Sex
Male
Female
Education
Secondary
Primary/ none
Third/ higher
BMI
Normal: 18.5 -25
& underweight:<
18.5
Overweight:25.1 30
Obese: >30.1
Smoking
Non-smoker
Smoker
State support
No medical/GP card
Medical/ GP Card
IPAQ
Low exercise
Moderate
High exercise
Grip Strength (kg)
Gait Speed
(cm/second)

Odds Ratio (95% CI)

P Value

1.00
1.64 (1.37-1.96)
2.17 (1.69-2.79)

<0.001
<0.001

1.00
1.22 (1.03-1.44)

0.019

1.00
1.09 (0.88-1.34)
0.91 (0.75-1.09)

0.441
0.302

1.00
0.89 (0.72-1.12)
0.96 (0.77-1.20)

0.301
0.720

1.00
1.04 (0.82-1.33)

0.741

1.00
1.76 (1.50-2.07)

<0.001

1.00
0.81 (0.69-0.99)
0.71 (0.58-0.87)
0.98 (0.97-0.98)

0.039
0.001
<0.001

0.98 (0.98-0.99)

<0.001
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Table 4.10: Multivariate logistic regression analysis for the effect of
levels of physical activity and physical function on the worsening of
multimorbidity in those with multimorbidity (n=2,588) at baseline (T0)
Odds Ratio (95%
CI)
Age
50-59
60-69
70 +
Sex
Male
Female
Education
Secondary
Primary/ none
Third/ higher
BMI
Normal: 18.5 -25
& underweight:< 18.5
Overweight:25.1 -30
Obese: >30.1
Smoking
Non-smoker
Smoker
State support
No medical/ GP card
Medical/ GP Card
IPAQ
Low exercise
Moderate
High exercise
Grip Strength (kg)
Gait Speed
(cm/second)

P Value

1.00
1.36 (1.12-1.65)
1.36 (1.01-1.83)

0.002
0.040

1.00
0.92 (0.71-1.18)

0.496

1.00
0.89 (0.71-1.11)
1.03 (0.85-1.25)

0.288
0.779

1.00
0.93 (0.74-1.17)
0.93 (0.73-1.18)

0.543
0.556

1.00
1.09 (0.85-1.41)

0.496

1.00
1.36 (1.13-1.65)

0.001

0.89 (0.73-1.09)
0.85 (0.69-1.06)
0.98 (0.97-1.10)

0.269
0.146
0.016

0.99 (0.986-1.10)

<0.001
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4.3.3
Analysis of the effect of independent variables on the
development of multimorbidity in those with complex
multimorbidity (n=1,488) at baseline (T0)
At Wave 1 (T0), 1488 participants presented with complex
multimorbidity (>3 chronic conditions). By Wave 2 (T1), 600
participants (24.8%) had developed a new condition/s. Bivariate
analysis was conducted followed by logistic regression analysis using
the independent variables: age; sex; education level attained; BMI;
smoking status; presence of General Practitioner /Medical card;
International Physical Activity Questionnaire results; grip strength
results and gait speed results.
Bivariate analysis demonstrated that increasing age, state supported
healthcare provision, gait speed and grip strength were associated with
the worsening of complex multimorbidity (development of new chronic
conditions) (Table 4.11). With every one kilogramme increase in grip
strength and each centimetre per second increase in gait speed the
odds of developing worsened complex multimorbidity decreased.
The regression analysis demonstrated that between Wave 1 (T0) and
Wave 2 (T1), two years later, the 60-69 year age group, state
supported health care and gait speed were independently associated
with the development of worsened complex multimorbidity (Table
4.12). With each centimetre per second increase in gait speed the odds
of developing worsened complex multimorbidity (new chronic
condition/s) decreased.
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Table 4.11: Bivariate analysis for the effect of each independent
variable on the worsening of complex multimorbidity (>3 chronic
conditions) n=1,488 at baseline (T0)
Odds Ratio (95%
CI)
Age
50-59
60-69
70 +
Sex
Male
Female
Education
Secondary
Primary/ none
Third/ higher
BMI
Normal: 18.5 -25
& underweight:< 18.5
Overweight:25.1 -30
Obese: >30.1
Smoking
Non-smoker
Smoker
State support
No medical/ GP card
Medical/ GP Card
IPAQ
Low exercise
Moderate
High exercise
Grip Strength (kg)
Gait Speed
(cm/second)

P Value

1.00
1.61 (1.27- 2.04)
2.18 (1.60-2.96)

<0.001
<0.001

1.00
1.12 (0.90-1.39)

0.314

1.00
1.09 (0.84-1.42)
0.98 (0.76-1.26)

0.517
0.868

1.00
0.78 (0.58-1.04)
1.10 (0.67-1.20)

0.094
0.471

1.00
1.13 (0.82-1.55)

0.450

1.00
1.84 (1.48-2.28)

<0.001

1.00
0.99 (0.77-1.27)
0.82 (0.62-1.07)
0.98 (0.97-0.99)

0.915
0.145
<0.001

0.98 (0.98-0.99)

<0.001
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Table 4.12: Multivariate logistic regression analysis for the effect of
levels of physical activity and physical function on the worsening of
complex multimorbidity (>3 chronic conditions) n=1,488 at baseline
(T0)
Odds Ratio (95%
CI)
Age
50-59
60-69
70 +
Sex
Male
Female
Education
Secondary
Primary/ none
Third/ higher
BMI
Normal: 18.5 -25
& underweight:< 18.5
Overweight:25.1 -30
Obese: >30.1
Smoking
Non-smoker
Smoker
State support
No medical/ GP card
Medical/ GP card
IPAQ
Low exercise
Moderate
High exercise
Grip Strength (kg)
Gait Speed (cm/second)

P Value

1.00
1.33 (1.03-1.71)
1.41 (0.98-2.01)

0.029
0.063

1.00
0.85 (0.60-1.19)

0.339

1.00
0.92 (0.70-1.22)
1.16 (0.89-1.51)

0.561
0.274

1.00
0.81 (0.59-1.09)
0.87 (0.63-1.19)

0.165
0.380

1.00
1.19 (0.85-1.66)

0.311

1.00
1.47 (1.14-1.88)

0.003

1.00
1.10 (0.85-1.43)
1.10 (0.75-1.33)
0.99 (0.97-1.00)

0.472
0.984
0.114

0.99 (0.98-1.10)

<0.002
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4.3.4
Multivariate Poisson regression for the effect of levels
of physical activity and physical function on the development
of multimorbidity in those with (n=2,588) and without
(n=2,235) multimorbidity at baseline (T0)
A multivariate Poisson regression model was used to investigate if the
selected independent variables had an effect on the risk of developing
multimorbidity over time. Multivariate analysis on those with no
multimorbidity (n= 2,235) at baseline (T0) demonstrated that
increasing age, obese BMI score, gait speed and grip strength were
independently associated with the development of multimorbidity,
whereas the levels of physical activity were not. Table 4.13 presents
the relative risk for the adjusted analysis. With every one kilogramme
increase in grip strength, the risk of developing multimorbidity
decreased. Each centimetre per second increase in gait speed
decreased the risk of developing multimorbidity over time.
For those participants with multimorbidity (n=2,588) at baseline (T0)
multivariate analysis demonstrated that increasing older age, presence
of state supported healthcare, grip strength and gait speed were all
significantly associated with the worsening of multimorbidity. Once
more, for every one kilogramme increase in grip strength the risk of
worsening multimorbidity decreases. For each centimetre per second
increase in gait speed, the risk of worsening multimorbidity also
decreases. There was no significant association between the IPAQ and
the worsening of multimorbidity (Table 4.14).
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Table 4.13: Multivariate Poisson regression analysis for the effect of
levels of physical activity and physical function on the development of
multimorbidity in those with no multimorbidity (n=2,235) at baseline
(T0)

Age
50-59
60-69
70 +
Sex
Male
Female
Education
Secondary
Primary/ none
Third/ higher
BMI
Normal: 18.5 -25
& underweight:< 18.5
Overweight:25.1 -30
Obese: >30.1
Smoking
Non-smoker
Smoker
State support
No medical/ GP card
Medical/ GP Card
IPAQ
Low exercise
Moderate
High exercise
Grip Strength (kg)
Gait Speed
(cm/second)

Relative risk (95% CI)

P Value

1.00
1.30 (1.11-1.52)
1.35 (1.03-1.77)

0.001
0.027

1.00
1.05 (0.86-1.27)

0.649

1.00
1.10 (0.93-1.30)
0.96 (0.83-1.11)

0.279
0.582

1.00
1.09 (0.92-1.28)
1.26 (1.05-1.51)

0.319
0.011

1.00
1.08 (0.91-1.29)

0.361

1.00
1.13 (0.97-1.31)

0.130

1.00
1.00 (0.85-1.19)
1.04 (0.88-1.23)

0.969
0.640

0.98 (0.97-0.99)

0.002

0.67 (0.49-0.90)

0.046
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Table 4.14: Multivariate Poisson regression analysis for the effect of
levels of physical activity and physical function on the worsening of
multimorbidity in those with multimorbidity (n=2,588) at baseline (T0)
Relative risk (95% CI)

P Value

Age
50-59
60-69
70 +

1.00
1.20 (1.07-1.34)
1.18 (1.01-1.37)

0.002
0.039

Sex
Male
Female

1.00
0.95(0.83-1.09)

0.468

1.00
0.94 (0.84-1.06)
1.02 (0.91-1.14)

0.314
0.760

Education
Secondary
Primary/ none
Third/ higher
BMI
Normal: 18.5 -25
& underweight:<
18.5
Overweight:25.1
-30
Obese: >30.1
Smoking
Non-smoker
Smoker
State support
No medical/ GP
card
Medical/ GP Card
IPAQ
Low exercise
Moderate
High exercise
Grip Strength
(kg)
Gait Speed
(cm/second)

1.00
0.96 (0.85-1.09)
0.96 (0.84-1.10)

0.542
0.572

1.00
1.06 (0.92-1.22)

0.457

1.00
1.20(1.07-1.34)

0.002

1.00
0.94 (0.85-1.06)
0.92 (0.81-1.04)

0.309
0.168

0.990 (0.982-0.998)

0.014

0.61 (0.50-0.82)

<0.001
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4.3.5
Multivariate Poisson regression for the effect of levels
of physical activity and physical function on the worsening of
complex multimorbidity (n=1,488) at baseline (T0)
A multivariate Poisson regression model was again used to investigate
if the selected independent variables had an effect on the risk of
developing worsened complex multimorbidity over time. Multivariate
analysis demonstrated that increasing older age, presence of state
supported healthcare, and gait speed were all significantly associated
with the worsening of complex multimorbidity. For every one
kilogramme increase in grip strength the risk of worsening complex
multimorbidity decreases. For each centimetre per second increase in
gait speed, the risk of worsening complex multimorbidity also
decreases. There was no significant association between the IPAQ or
grip strength and the risk worsening of complex multimorbidity (Table
4.15).
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Table 4.15: Multivariate Poisson analysis for the effect of levels of
physical activity and physical function on the worsening of complex
multimorbidity (>3 chronic conditions) (n= 1,488)
Age
50-59
60-69
70 +
Sex
Male
Female
Education
Secondary
Primary/ none
Third/ higher
BMI
Normal: 18.5 -25
& underweight:< 18.5
Overweight:25.1 -30
Obese: >30.1
Smoking
Non-smoker
Smoker
State support
No medical/ GP card
Medical Card
IPAQ
Low exercise
Moderate
High exercise
Grip Strength (kg)
Gait Speed (cm/second)

Relative risk (95% CI)

P Value

1.00
1.18 (1.02-1.36)
1.20 (1.10-1.44)

0.022
0.057

1.00
0.92 (0.77-1.09)

0.324

1.00
0.96 (0.83-1.11)
1.08 (0.94-1.24)

0.583
0.276

1.00
0.89 (0.76-1.05)
0.93 (0.79-1.10)

0.165
0.400

1.00
1.10 (0.92-1.31)

0.284

1.00
1.24 (1.08-1.44)

0.003

1.00
1.06 (0.92-1.21)
1.00 (0.85-1.17)

0.448
0.987

0.99 (0.98-1.00)

0.111

0.59 (0.43-0.82)
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0.002

4.4 Discussion
4.4.1

Principal Findings

This study presented a longitudinal analysis of multimorbidity in a
nationally-representative, population based sample of older adults.
Multimorbidity was defined as two or more conditions from a group of
thirty conditions that were included in the analysis. Over a two year
follow up period, 30.6% of 2,087 developed multimorbidity and 41.6%
of those with multimorbidity at baseline (T0) (n=2,588) experienced
worsening multimorbidity. In keeping with existing evidence, older age
was associated with both the development and worsening of
multimorbidity. Gait speed and grip strength were significantly
associated both with the development of multimorbidity and the
worsening of existing multimorbidity with evidence of a dose-response
relationship.
Grip strength has been shown previously to be a biomarker of morbidity
and mortality.(261) It has been demonstrated to be a predictor of
cognitive decline, disability and prolonged hospitalisations.(270, 271)
This study highlighted that the stronger one’s grip strength the less
likely new chronic conditions will develop within two years. Gait speed
assessment is also a valuable tool in the clinical assessment of
frailty.(272) Lower gait speed is associated with reduced strength,
power, co-ordination and balance.(263, 272) While this study
highlighted the clinical relevance of reduced gait speed, it did not
identify a specific cut-point at which the risk of multimorbidity
increased. Further research in this area is needed.
4.4.2

Findings in the context of previous research

Dhalwanai (137) also demonstrated an inverse dose-response
association between levels of physical activity and multimorbidity
development using frequency of vigorous, moderate and mild Physical
Activity. They highlighted the likelihood that the existence of
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multimorbidity may limit physical activity, which could also have
happened in this cohort. The Dhalwhani study had a similar definition of
multimorbidity but only included 16 chronic conditions compared to 30
in our study. The physical activity outcome measure they used was a
self-report measure and has not been assessed for reliability or validity.
In this study, the self-reported outcome measure, the IPAQ did not
show an association with development or worsening of multimorbidity.
To note there were significant differences in the IPAQ results between
those with and without multimorbidity at baseline (T0). The majority
(41.8%) of those without multimorbidity reported high physical activity
levels and the majority with multimorbidity (38.4%) reported moderate
physical activity levels (Table 4.4). It has been acknowledged in the
literature that over-reporting amounts of physical activity when
completing the IPAQ is common, with older adults having difficulty
completing the IPAQ accurately.(273, 274) The IPAQ is recommended
for population level research, however is not intended to replace
instruments which can be more responsive to changes in individual
activity level such as gait speed. Comparisons with the previous crosssectional studies (134, 135, 138, 245) is difficult due to different
measures of physical activity, differences in study population and
definitions of multimorbidity used. Accelerometer measurements would
provide added value however gait speed and grip strength assessments
are cost-effective and easily accessible measurements used in clinical
practice.
In keeping with the evidence that obesity has negative impacts on
health outcomes, individuals in this study with obesity were more likely
to develop multimorbidity compared to those of normal weight though
obesity was not associated with worsening of multimorbidity over time.
However, the results regarding socioeconomic status were mixed. This
may relate to the higher prevalence of socioeconomic deprivation in
those with established multimorbidity at baseline (T0). These results
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may also relate to the measure used as it does not identify the most
socioeconomically deprived groups within the cohort as income
thresholds for access to government funded healthcare increases with
age. Existing evidence highlights that, patients with higher levels of
socioeconomic deprivation develop multimorbidity significantly earlier in
life than their more affluent counterparts.(75) Dhalwanai (137)
included socioeconomic status and BMI as confounders but did not
report results on whether either impacted on the presence of
multimorbidity over time.
4.4.3

Strengths and limitations of analysis

TILDA is a nationally representative population based cohort study
including community dwelling older adults, which improves the
generalisability of the findings. The study incorporates validated
measures and health assessments carried out by trained research
nurses using standardised protocols (249) and this robust design
allowed baseline differences to be accounted for along with addressing
criteria for inferring causality in epidemiological studies such as
temporality.(275) Thirty different conditions were included in the
analysis encompassing a broad range of conditions including mental
health conditions which are commonly omitted in other studies. The use
of objective measures of physical function (grip strength and gait
speed) may provide more accurate data than subjective measures of
physical function.
A potential limitation of this study may relate to participant
characteristics. The outcome measures used to measure physical
activity and function dictated that TILDA participants who did not
attend the health centre assessment were excluded. It has been
demonstrated that those who were frail or disabled or more elderly
were less inclined to attend the health centre for assessment and thus
presents a potential source of bias.(248) As with other longitudinal
studies of ageing, all participants were required to provide written
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informed consent to participate in the study at Wave 1 (T0), this will
have resulted in the exclusion of individuals with severe cognitive
impairment. Those who were lost to follow up also need to be
acknowledged, though this was minimal with 6.6% (n=148)
participants with no multimorbidity and 6.6% (n=173/2,588)
participants with multimorbidity who were not available for analysis two
years later. Access to the lost to follow up data was denied due to data
protection so it was not possible to identify the numbers of conditions in
the participants who were lost however it can be accepted that these
participants had died, were unreachable or declined further
participation in the study.
A further limitation is that the definition of multimorbidity used does
not take into account disease severity. TILDA does not include the
severity of the conditions reported therefore it was not possible to
weight the severity of conditions. However, while the most commonly
reported definition was used i.e. >2 chronic conditions analyses were
also conducted examining complex multimorbidity (>3 chronic
conditions). Complex multimorbid patients have higher care needs,
have higher healthcare utilisation rate and thus are an important group
to examine.(69) The use of self-reported diagnoses in the analysis may
be an additional limitation with the potential to have impact on the
results in that participants may have under or over-reported their
number of conditions However, evidence has demonstrated moderate
to good agreement between self-reported and physician reported
chronic conditions among multimorbid patients.(276) The use of a selfadministered questionnaire for physical activity (IPAQ) is another
potential limitation of the study and its accuracy as an outcome
measure has been debated in the literature.(273, 274) The use of the
IPAQ potentially may have impacted on the non-significant results
found. However, as discussed previously (Section 4.42) the IPAQ is
recommended for population level research but is not intended to
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replace objective measurements of physical activity. The use of State
financial support as a proxy for socioeconomic status was a limitation.
While state financial support is an accurate proxy for socioeconomic
status in Irish people under the age of 70, over this age different
income thresholds apply and there is nearly universal coverage for this
age group.(277) However, the majority of our cohort (80.3%
n=3,867/4,823) were < 70 years (Table 4.4). When considering
potential confounders for the analysis it was noted that diet, income
and living environment (urban /rural) would also be important
confounders to consider however, they were not available in the TILDA
dataset and thus a further limitation to acknowledge in the analysis.
4.4.4

Clinical practice and policy implications

Healthcare professionals have limited time when reviewing patients
however, this study suggests prioritising the assessment and
monitoring of gait speed over time. People can have the same
conditions and different functions and by monitoring gait speed it aids
identification of those to target for further intervention. These results
support the 2016 NICE Multimorbidity Guidance, which recommends
using gait speed as an assessment measure to identify those patients
who require prioritised /targeted care.(70)In primary care and
community settings the NICE Guidance recommends informal
assessments of gait speed are incorporated into practice for the
diagnosis of frailty in multimorbid patients.(70) For example, this could
be the time taken to answer the door or the time taken to walk from
the waiting room. This informal assessment varies from a formal gait
assessment which could incorporate software and repeated
measurements over a specific distance and time period. A pragmatic
approach is always best however a balance is needed between accuracy
and what is achievable in clinical practice.
Nevertheless the results of this study indicate that for patients who are
identified as having reduced gait speed it would be important to discuss
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their current levels of physical activity, highlighting the recommended
guidelines and refer on to the appropriate health care professional.
Monitoring gait speed could be an effective way of reducing health care
costs of developing new chronic medical conditions over time. Further
research could focus on the cost-effectiveness of including such
assessments in clinical practice.
4.4.5

Conclusion

Multimorbidity in older adults is a common issue and identifying the
predisposing risk factors such as levels of physical activity and function
warranted investigation. This study identified that poor gait speed and
reduced grip strength impact the risk of developing chronic condition/s
over time in both those with and without established multimorbidity.
Our results have implications for clinical practice in that assessment of
physical function and appropriate intervention may prevent an
inevitable cascade towards poorer health outcomes. The results led to
the next study presented in the thesis, which focused on the
development of an intervention which addressed physical function for
this patient group incorporating both gait speed and grip strength as
outcome measures.
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Chapter 5: Activ8, an interagency physical
activity and lifestyle education
programme for patients with
multimorbidity – a feasibility study (Study
3)
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5.1 Overview
In this chapter, the development and findings relating to the feasibility
of a novel mixed-methods inter-agency exercise and education
programme for adults with multimorbidity is described. This chapter
provides the rationale behind the study (Section 5.1.1), including a
detailed account of the methodology (Section 5.3). The framework and
theoretical underpinning are discussed in Section 5.2. The features of
the intervention are detailed in Section 5.4, Section 5.5 and Section 5.6
describes the outcome measures used. Results are described in Section
5.7 and the chapter concludes in Section 5.8 with a discussion of the
results including strengths and limitations.
5.1.1

Rationale for Study

As discussed in Chapter 2 (Section 2.12) a recent Cochrane review of
RCTs (n=18) evaluating interventions for improving outcomes in
patients with multimorbidity in primary care and community settings
found limited evidence to support the management of multimorbidity
but suggested that interventions which focus on difficulties patients
experience with daily functioning may be more effective than those
focused on changing the organisation of care. (185) In addition,
previous research has indicated that those with multimorbidity engage
less frequently in productive and leisure activities despite having the
capacity to do so.(169, 278, 279) The NICE Guidance on Multimorbidity
has recommended non-pharmacological treatments as possible
treatment options and these include physical activity programmes along
with dietary interventions and psychological treatments. (70) This
approach is supported by qualitative research which has identified that
physical symptoms and effects on functioning were one of the main
problems reported by patients with multiple chronic illnesses.(152)
Furthermore, concerns were expressed by patients with multimorbidity
around the negative impact of their conditions on their work and leisure
activities along with their relationships i.e. the way their conditions
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interfere with their lives as opposed to the actual symptoms of their
conditions. (152)
The PhD candidate conducted a systematic review, described in Chapter
3 which demonstrated that multimorbidity is associated with poorer
physical function and future functional decline. It suggested that there
is greater functional decline in patients with an increased number of
conditions and greater disease severity.(242) The review highlighted
the importance of prioritising physical function when developing and
testing interventions for this patient group. A focus on physical activity
and function is also supported by the observational data presented in
Chapter 4, which analysed the impact of physical activity and physical
function on the development and worsening of multimorbidity over
time. These results suggested that physical function as measured by
gait speed and grip strength is associated with the development of
multimorbidity over time. (280) The results of both these studies along
with the evidence reviewed in Chapter 2 provided the rationale and
informed this chapter which describes a study to develop and test the
feasibility of an exercise and education intervention for patients with
multimorbidity.
5.1.2
Physical activity and exercise interventions for patients
with multimorbidity
As discussed in Chapter 2 (Section 2.8) it is important to note that
there are some inconsistencies around the terminology for physical
activity and exercise interventions and their overlap with effects on
physical function. Physical activity has been described as any bodily
movement produced by skeletal muscles that results in energy
expenditure (25) while exercise is commonly defined as planned,
structured, and repetitive movement with the intention of promoting or
maintaining one or more components of physical fitness.(26) As
discussed in Chapter 2 (Section 2.12.2) currently most of the literature
around physical activity and exercise interventions for chronic disease
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management is based on single disease groups. The evidence for
physical activity and exercise interventions for patients with
multimorbidity is relatively sparse. Section 2.12.2 (Chapter 2) detailed
a meta-analysis completed in 2012 which included eighteen randomised
controlled trials and 2,580 participants.(174) The authors reported that
physical exercise therapy has a positive effect on physical functioning
with high-intensity exercise intervention being somewhat more
effective than low-intensity exercise interventions for elderly patients
with mobility, disability and or multimorbidity.(174) Nine of the
eighteen studies were Physiotherapist led with the other nine studies
led by an exercise leader. The authors concluded that no inferences
about the most effective type of intervention could be drawn.
Exercise referral schemes are a common model of physical activity
promotion in primary care.(49) The general premise being a general
practitioner or nurse gives an exercise prescription to the patient and
he/she is referred to a qualified exercise professional which typically
take place in a leisure centre.(49) A systematic review of exercisereferral schemes reported that they can result in a significant increase
in the numbers of sedentary people becoming moderately active
however, one study highlighted the absolute risk reduction was small
with 17 sedentary people needing to be referred in order for one to
become moderately active.(50) The included qualitative studies
identified barriers to participation such as self-efficacy, poor time
management and lack of social support as well as exercise scheme
barriers such as intimidating environments and inadequate supervision.
(50)
As discussed in Chapter 1 (Section 1.4.2), in Ireland the Health Service
Executive (HSE) commenced a general practice exercise referral
scheme in 2010. This programme was dissolved due to lack of buy in
from key stakeholders and a review of the scheme published in 2014
highlighted the need for a new National Exercise Referral
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Framework(NERF).(52) The NERF group was set up in October 2016,
to review the evidence for exercise referral and this group’s work is
ongoing. Currently, the majority of Irish primary health care centres
nationwide do not have the facilities to promote accessible, affordable,
sustainable physical activity and exercise programmes.
5.1.3
Self-management interventions for patients with
multimorbidity
Self-management training aims to support patients to develop the skills
and behaviours they need to successfully manage their disease. (168)
To date, the majority of trials investigating the effectiveness of selfmanagement interventions have been aimed at single conditions. (281)
A number of Cochrane systematic reviews have been published
exploring the effectiveness of self-management interventions for
asthma, chronic obstructive pulmonary disease, diabetes and
arthritis.(282-285) The results have been mixed, with some evidence to
support implementation of self-management programmes for asthma,
diabetes and chronic obstructive pulmonary disease and insufficient
evidence to support self-management programmes for arthritis. These
reviews all included group-based programmes however, it was not
identified which format of delivery is the most effective. The general
consensus is that further research is needed to develop a stronger
evidence base. It has been proposed that a generic approach, based on
a core set of skills, may be sufficient and applicable to multiple
conditions rather than disease specific approaches. (286)
A Cochrane review identified a paucity of evidence to support the use of
lay-led self-management programmes as such programmes do not
result in clinically important improvements.(162) The interventions
shared similar structures and components but studies showed
heterogeneity in conditions studied, outcomes collected and effects with
only two studies only two studies reporting clinical outcomes.(162) As
discussed in Chapter 2 (Section 2.12.1) Kennedy (161) carried a
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randomised controlled trial to investigate the clinical and cost
effectiveness of the Expert Patient’s Programme. The Expert Patient
Programme is a free, peer-led self-care support programme for people
living with any long term condition in the United Kingdom. People’s
carer’s and families are also permitted to attend. The programme
involves six two and a half hour, group sessions held weekly and the
key priority of the programme is the development of increased self-care
skills in patients.(161) The authors concluded that layǦ
led selfmanagement support groups are effective in improving selfǦ
efficacy and
energy levels among patients with longǦ
term conditions however
reported no statistically significant reduction in routine health services
utilisation.(161)
Co-delivered self-management programmes led by health care
professionals and lay tutors have been demonstrated to have
meaningful improvements in health related quality of life and selfmanagement skills.(287) The Stanford Chronic Disease SelfManagement Programme, a generic standardised self-management
group programme is the most prevalent of the self-management
interventions for individuals with chronic conditions. (288) The
programme has been reported to have positive effects on health
behaviours, self-efficacy and reduced health-care utilisation (289, 290).
One randomised controlled trial of a six-week occupational therapy led
self-management programme for patients with multimorbidity
demonstrated significant improvements in frequency of activity
participation, self-efficacy and quality of life. (17) In contrast, a study
which examined an intervention to enhance self-management support
for patients with chronic conditions in UK primary care reported no
significant differences in shared decision making, self-efficacy,
enablement, self-care activity and health-care utilisation.(163)
In summary, there is mixed evidence for self-management programmes
for patients with chronic conditions, with reports of both professionally
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led and lay person led programmes having the potential to be effective.
While physical activity and exercise are recommended for the
management of long-term conditions,(291) it is not yet known about
the potential effectiveness of an exercise intervention for patients with
multimorbidity in primary care.
5.1.4

Study aims

The primary aims of this research study were to:
x Describe the development of an exercise and lifestyle
education/self-management programme for patients with
multimorbidity
x Examine the feasibility of the intervention for patients with
multimorbidity in the community
o This feasibility aim takes into consideration practicality
and acceptability for the patients and the professionals
involved and considerations relating to the healthcare
system in which the intervention would operate.
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5.1.5

Study Objectives (a)

In order to achieve the above aims the following objectives were
carried out:
x Identify the numbers of eligible patients /participants being
referred for primary care physiotherapy that have multimorbidity
x Identify the willingness of patients/ participants to be recruited
x Identify the willingness of clinicians to recruit participants
x Identify the suitability of proposed outcome measures
x Identify the potential effectiveness of the intervention
x Identify rates of retention of participants
x Identify the patient satisfaction of the interagency intervention as
opposed to typical Physiotherapy treatment in primary care.
x Identify the satisfaction of service providers of the interagency
intervention as opposed to typical Physiotherapy treatment in
primary care.
Study objectives and their respective outcomes will be discussed
further in Section 5.3.4.
5.1.6

Study Design

The current Activ8 intervention was developed using the updated
Medical Research Council’s framework (2008) for evaluating complex
interventions. (61) As highlighted in Chapter 1 (Section 1.7.) the
Medical Research Council (MRC) Framework for the Development and
Evaluation of RCTs for Complex Interventions to Improve Health best
supports the aims and objectives of this thesis.(61) The MRC
Framework is used internationally and is widely cited.(292) The MRC
guidance on designing and evaluating complex interventions explicitly
recommend conducting feasibility and pilot studies in order to identify
potential problems which may occur with a randomised controlled
trial.(61) There has been debate in the literature around the
terminology for pilot and feasibility studies (293, 294). An important
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paper published in 2016 developed a framework for defining pilot and
feasibility studies and our study fits into the description of a nonrandomised pilot study.(295) Eldridge (295) define non-randomised
pilot studies as ‘studies which all or part of the intervention to be
evaluated and other processes to be undertaken in a future trial is/are
carried out (piloted) but without the randomisation of participants.
These studies could also be called by the umbrella term feasibility
study.’

5.2 Framework and theoretical underpinning of the intervention
Complex interventions are generally described as interventions which
contain several interacting components, which may act both
independently and inter-dependently.(61) The framework is divided
into four elements and this study incorporated the two elements; 1:
Development and 2: Feasibility/Piloting (See Table 5.1).(61)
Table 5.1: Medical Research Council (MRC) Framework Elements

PHASE 1. Development

PHASE 2. Feasibility /Piloting

• Identifying the evidence for

• Testing procedures

interventions for multimorbidity

• Estimating recruitment/ retention

• Identifying theory

• Determining sample size

• Modelling process and outcomes
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5.2.1

Phase 1: Development and theoretical underpinning

In the MRC framework the first element, Development can have three
parts: identifying the evidence base; identifying /developing theory;
modelling process and outcomes.(61) The Activ8 intervention
incorporated each of the three parts for developing the intervention and
firstly involved a review of the existing literature relating to the impact
of interventions for multimorbidity (158, 296) as well as the availability
of local community resources to promote physical activity. The
identification of the evidence base is outlined in detail in chapter 2
(Sections 2.11 and Section 2.12) and was further supported by data
from the systematic review in chapter 3 and the observational study
outlined in chapter 4.
During this process, an existing innovative programme for chronic low
back pain in primary care was identified that could be adapted for
patients with multimorbidity.(297) The programme was novel, primarily
due to its location in a state supported leisure centre local to the
primary care centre. The community physiotherapist leading the
programme had negotiated with the Leisure Centre Manager to use the
facilities without payment, with discounted membership for the patients
post completion of the programme as it was in alignment with the
leisure centres community participation targets. The PhD candidate
reviewed the programme in detail with the senior community
physiotherapist in charge of the programme and identified that
participant’s confidence and self-efficacy around exercise were the
likely drivers of improved quality of life during the programme. To this
end, the theoretical understanding of the likely process of change drew
on the theory proposed by Albert Bandura relating to perceived selfefficacy and outcomes expectation.(298) Perceived self-efficacy is
concerned with people’s beliefs in their capabilities to produce given
attainments i.e. their confidence in their own ability to succeed in
specific situations or accomplish a task.(298) Bandura proposed that
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improvements in self-efficacy can be as a consequence of four practices
each enhancing the perception of efficacy:
x Enactive mastery experience, which is successful performance of
the target behaviour
x Vicarious experience, which is seeing a ‘similar other’ successfully
perform the behaviour and appraising one’s own performance
against the performance of that similar other
x Verbal persuasion, where others express faith in the individual’s
capabilities
x Physiological or affective states, which is reducing negative
emotional states and correcting misinterpretations of bodily
states (298)
It has been stated that a high level of self-efficacy is a pre-requisite to
realising self-management goals along with being critical in determining
whether a person will maintain or improve their health status.(299) For
this reason, a participant’s belief in his or her ability to manage the
condition can also act as a predictor of health outcomes. This was
demonstrated by Lorig (290) who found that change of patient’s selfefficacy at six months was associated with health status at one year.
Self-efficacy was also a primary outcome measure of Kennedy’s (163)
study however the authors reported no significant differences in the
participant’s management of chronic disease with their intervention.
Nevertheless, research has also shown that self-efficacy is a mediator
of the effects of interventions on objectively assessed physical activity
behaviour.(300-302) The Bandura theory informed the development of
the content, format, location and mode of delivery of the programme.
Patient priorities as discussed in Chapter 2 (Section 2.11) were also
taken into account when designing the intervention. The evidence has
identified that the physical problems which can have negative impacts
upon function and ability to participate in work/ leisure activities is of
high importance to patients with multimorbidity.(149, 209, 303)
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Patients who are referred for Physiotherapy typically have a physical
condition and Physiotherapists provide a means of identifying patients
with multimorbidity and a current or chronic physical ailment.
5.2.2

Phase 2: Feasibility /Piloting

The study consisted of a feasibility study involving an uncontrolled
before and after design. This meant that observations were made
before and after implementation of the Activ8 intervention without
comparison to a control group who did not receive the intervention. The
objective of this study was to identify the intervention’s feasibility and
acceptability to all stakeholders not its clinical effectiveness thus a nonrandomised design was chosen. A process evaluation using sequential
mixed methods was undertaken. In summary, quantitative data was
collected on recruitment, programme attendance and outcomes. Postintervention interviews were completed with participating
physiotherapists and fitness instructors along with focus groups with
the participants to examine the format, impact and implementation of
the intervention. The feasibility testing and piloting of the intervention
was co-delivered by a senior physiotherapist and a Dublin Council
fitness instructor in a state supported leisure centre in Dublin city over
a period of six weeks. The programme ran in the first intervention site
and was then replicated in the next site, which was in another primary
care area in Dublin County.

5.3 Methods
In order to gain a comprehensive answer to the study question: what is
the feasibility of an exploratory physical activity and education
intervention for patients with multimorbidity in the community? a mixed
methods approach was indicated (See Figure 5.1). Mixed methods
research has been defined as research which ‘focuses on collecting,
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analysing and mixing both qualitative and quantitative data in a single
study or series of studies’. (305)
Quantitative and qualitative data were analysed separately and then
integrated to provide a multi-faceted insight into the research question
about the feasibility of this exercise and education intervention for
patients with multimorbidity, using a triangulation protocol as described
by O’Cathain (306). To complete the triangulation, the findings from
each component of the study were listed on the same page and were
identified as being in agreement (convergence), offering
complementary information on the same topic (complementarity), or
appeared to be contradicting each other (discrepancy or dissonance).
(307, 308) A member of the research supervision team, Rose Galvin
(RG) has significant experience in both quantitative and qualitative
research methods and worked with the PhD candidate to complete the
triangulation of data.
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Process
results:
recruitment
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Descriptive
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Participants
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Results:
Focus
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Interviews

Descriptive
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Administration
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measures

Figure 5.1 Qualitative and quantitative results integrated to
answer research question
5.3.1

Ethical Considerations

Ethical approval was sought and obtained from the Research Ethics
Committee of the Royal College of Surgeons in Ireland prior to
conducting this study. See Appendix 14 for letter of Ethical Approval.
Approval was also sought and obtained from the Health Service
Executive (HSE) Primary Care Research Committee which is a
mandatory pre-requisite prior to carrying out any research in primary
care in the Ireland.
5.3.2

CONSORT Guidelines

There are currently no specific standardised reporting guidelines
recommended for reporting mixed methods feasibility/pilot studies. In
addition there are no criteria for assessing the quality of inferences
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from mixed methods research, although researchers are considering
the complexity of this issue.(309) To ensure standardised reporting of
the design, conduct and analysis of the study, the Consolidated
Standards of Reporting Trials (CONSORT) statement extension to
randomised pilot and feasibility trials was applied as much as possible.
(310) The checklist is provided as Appendix 15
5.3.3

Avoiding potential sources of bias

In order for results from evidence-based research to be generalisable to
the identified population they need to be accurate and reliable.(311)
5.3.3.1 Reliability
Reliability refers to the strength of the study design, whether it is
repeatable and if the study was repeated would it yield the same
results. (312) Prior to the commencement of the study the PhD
candidate developed a clear and detailed study protocol guided by the
other members of the research team. The protocol was a fundamental
part of the study being carried out in a thorough, standardised and
rigorous method [See Appendix 16]. The protocol describes the
rationale, objectives and aims, study design and procedure of the
research.
5.3.3.2 Internal validity
Internal validity is whether observed changes can be attributed to the
intervention or whether extrinsic factors such as selection bias,
repeated testing or participant attrition took an effect. (312) Normally a
method of maintaining internal validity is to use a matched control
group however this study was to determine the feasibility of the
programme not its potential effectiveness so no control group was
incorporated. In this study the same programme was run sequentially
in two different primary care areas. All data collection was completed
by the PhD candidate in both sites which presents the potential for
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detection bias. There was a period of six weeks between baseline and
post-programme outcome measures being administered and it was
estimated that six weeks should be a sufficient amount of time between
in that it would be difficult to recollect previous answers given in this
period of time. All outcome measures were administered in the same
manner and same sequence with all participants in both sites. This
reduced the potential for variability of different people collecting the
data, as changes in the data collection can affect the values obtained
by the outcome measures. (311) Given the relatively short study
duration and straightforward data collection, intra-focus group observer
variation was unlikely to have been a source of bias.
5.3.3.3 External validity
External validity refers to the ability to generalise findings from the
study to different people in similar settings. (313) It also refers to the
capacity to develop inferences from the study group to the population
targeted in the research. (312) Two common threats to external
validity are sample characteristics and setting characteristics. (314) To
enhance the external validity, broad inclusion /exclusion criteria were
developed so that the study would recruit a range of participants with
different demographic characteristics. In addition the study was open to
patients in two Community Healthcare Organisations (CHOs) in
different socioeconomic areas of Dublin. The sampling methods will be
discussed further in 5.3.3. A clear description of the study participants
is also provided to allow for comparison with previous and future
studies. Setting characteristics include location of the study and
personnel involved with the delivery of the intervention. The study was
pragmatic in design in that it was reflective of typical primary care
patients and primary care physiotherapists. The programme was
delivered in a state supported leisure centre and participating lead
physiotherapists were provided with a ‘Facilitators Guide’ [See
Appendix 20] to support with education sessions. This increased study
182

fidelity so that a standardised education programme was delivered to
each group.
5.3.4

Study objectives (b)

The study objectives and related outcomes are described in Table 5.2.
The study also had specific continuation criteria set prior to the study
commencing (See Table 5.3).
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Table 5.2: Study objectives and outcomes
Objectives
Identify the numbers of eligible
patients /participants being
referred for primary care
physiotherapy that have
multimorbidity

Outcomes
Through review of daily
recruitment forms as completed
by participating physiotherapists

Identify the willingness of
patients/ participants to be
recruited

Through assessment of
numbers recruited within the
three week recruitment period

Identify the willingness of
clinicians to recruit participants

Through assessment of
numbers recruited within the
three week recruitment period
Through discussion with the
research team upon review of
study results
Through analysis of the
quantitative and qualitative
outcome measures
Through descriptive statistics

Identify the suitability of
proposed outcome measures
Identify the potential
effectiveness of the intervention
Identify rates of retention of
participants
Identify the patient satisfaction
of the interagency intervention
as opposed to typical
Physiotherapy treatment in
primary care

Through focus group analysis
after study completion

Identify the satisfaction of
service providers of the
interagency intervention as
opposed to typical
Physiotherapy treatment in
primary care

Through interviews with the
Lead Co-investigating
Physiotherapist and Dublin City
Council fitness instructor after
study completion

5.3.5

Continuation criteria

It was important to identify criteria which would indicate whether the
study was feasible or not. These criteria provide the basis for
interpreting the results of the pilot study and determine whether it is
feasible to proceed to a main study.(315) These criteria were based on
the primary feasibility objectives and were divided into three
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categories: trial recruitment; protocol non-adherence; outcome data
(See Table 5.3). (316)
Table 5.3: Study continuation criteria
Trial Recruitment
Recruitment rate /week

x Three to four subjects per CHO per week
can be recruited
(i.e., 9-12 subjects from two primary
care centres over three week
recruitment period)

Numbers of eligible patients
/week

x Consent rate of >50% for eligible
patients (based on variation in patient
preference for group attendance and
availability)
x Majority of participating physiotherapists
in the Primary Care Team agree to
participate with referrals

Number of physiotherapists
expected to refer
Protocol non-adherence

Number of patients who drop out x <20% drop out from the study (defined
from the study (Loss to follow up)
as non-attendance at any element of the
programme)
Side/effects or adverse events
x No clinically significant side-effects or
experienced
adverse events experienced that are
attributed directly to the programme
Completeness and quality of
outcome data
Missing data (partly completed
questionnaires)

x Completed questionnaires in at least
90% of all subjects at follow up

Difficulty administering outcome
measures

x Completed objective outcome measures
in at least 95% of all subjects at follow
up

Qualitative data outcomes
Study participants

x Acceptable to receive their Physiotherapy
in a Leisure Centre

Participating lead physiotherapists x Acceptable to deliver their physiotherapy
treatment in a Leisure Centre
Participating fitness instructors

x Acceptable to work together with a
Chartered Physiotherapist with health
service patients in their Leisure Centre
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5.3.6

Setting and sampling

As this was a pragmatic trial, which is the evaluation of an
intervention in normal practice, the sampling used reflected real-life
referral patterns to Physiotherapy services in primary care in Ireland.
The target population were patients with multimorbidity living in the
Community Healthcare Organisation (CHO) Areas 9 or 6. In the
Republic of Ireland the country is divided up into nine CHOs and each
is responsible for services that are provided outside of the acute
hospital system which includes primary care, social care, mental
health and health & wellbeing services in that Area. There are
multiple primary care centres/teams in each CHO with each centre
having different numbers of primary care physiotherapists. Primary
care physiotherapist’s patients typically can be referred from acute
hospital services, general practitioners, practice nurses, public health
community nurses and other allied health professional colleagues.
For this study there were twelve primary care teams involved in the
study in CHO 9 and eight primary care teams involved in CHO 6. There
was a principal primary care centre in each study area where the Lead
Physiotherapist was based. Any Physiotherapist in the included primary
care teams could refer suitable patients into the study. In CHO 9, the
twelve primary care teams were able to refer to the study totalling
fifteen physiotherapists. In CHO 6 eight primary care teams were able
to refer to the study totalling ten physiotherapists.
The principal primary care centre for CHO 9 was in Ballymun, in north
east Dublin and the principal primary care centre for CHO 6 was in
Leopardstown, Co. Dublin. Both CHOs cover broad regions however in
terms of deprivation Ballymun is classified as a very disadvantaged
area and Leopardstown is classified as an affluent area.(317) The 2014
report on deprivation was not based on CHO areas but smaller areas
however, both Ballymun and Leopardstown are included. The study
took into account education level of the population, unemployment
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rates and social class of both areas.(317) The research team decided to
keep the inclusion criteria broad in order to optimise patient
recruitment and to increase the generalisability of the findings to a
broader population.
5.3.6.1 Inclusion criteria
The inclusion criteria were as follows:
x Adults (age>18yrs)
x Have at least two chronic conditions, as judged by the
referring primary care team member (generally
physiotherapists however general practitioners could also
refer to the programme). No restrictions were placed on
condition type and both physical and mental health conditions
were eligible.
x Have been referred for primary care physiotherapy
x Have the ability to provide fully informed consent

5.3.6.2

Exclusion criteria

Participants were excluded if they:
x Had a severe communication disability, behavioural disorder
or cognitive deficit that would compromise the ability to
participate in the intervention or complete the questionnaires
x Had an uncontrolled condition that would compromise the
participants ability to undertake physical exercise as judged
by the community physiotherapist e.g. atrial fibrillation
x Were under 18 years of age or were non-English speaking
x Currently participating in another research study
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5.3.7

Recruitment

A preliminary meeting was held in the first participating primary care
centre where the lead Physiotherapist, the Allied Health Professionals
manager and two researchers from the research team discussed the
study along with the referral process. Actions regarding the inclusion/
exclusion criteria and referral forms were discussed and were
completed prior to the commencement of the recruitment period. The
research team were cognisant of how the information around a study is
presented and how it is an important aspect of the trial which can have
significant effects on recruitment.(318) Secondary to time restraints
the PhD candidate was unable to meet with all participating
physiotherapists in the first study area, CHO 9 prior to the recruitment
period. However, there was communication via email and the
participating physiotherapists in the area were familiar with the Back on
Track programme. After discussion with the lead Physiotherapist in the
first programme site, it was aimed to recruit a total of ten participants
at each site in the three week recruitment period, taking into account
resources such as people, time and equipment at an anticipated
attrition rate of 20%.(316) The results of the study will be discussed
further in Section 5.11. Various names were discussed by the research
group and the lead Physiotherapist on the Back on Track programme
and Activ8 was agreed upon as the most appropriate and universally
understood by patients and clinicians alike. The name was also
supported by the eight key themes in the education component of the
programme. A question around the programme name was also
incorporated in both focus groups [See Appendix 19].
The PhD candidate met with the Physiotherapy manager of CHO 6 in
order to secure a second site for the study. The Physiotherapy manager
linked the PhD candidate with a Senior Physiotherapist in Dundrum,
Dublin 14 in CHO 6. A local state supported leisure centre was
identified, however after consideration the leisure centre declined to
188

participate due to lack of capacity (this included space and instructor
time). The PhD candidate was advised by the leisure centre manager to
link with another newly opened state supported leisure centre in
Ballyogan, Dublin 18 to identify their interest in participating in the
study. Following consultation the Ballyogan manager agreed to
participate and agreed to forego gym access fees for the participants
for the six weeks of the programme. However, this leisure centre was
too far for the Senior Physiotherapist in Dundrum to travel. A primary
care centre, Leopardstown was identified in close proximity to the
leisure centre which was also in CHO 6. The PhD candidate engaged
with the Senior Physiotherapist and identified her interest in
participating in the study. Developing links between the HSE and the
local state supported leisure centre was seen as potentially very
beneficial. In order to optimise the recruitment process, the PhD
candidate met with recruiting physiotherapists prior to the recruitment
period in the second area, CHO 6. Clarification was provided on the
rationale for the inclusion/exclusion criteria along with the referral
process and the written information for the study. Provision of
information to staff in advance of the study has been reported to
facilitate cooperation, reduce misunderstandings and reduce potential
resistance. (318) In addition, as the concept and the study intervention
were a totally new model to the second area, CHO 6, the PhD candidate
gave a presentation to the participating physiotherapists about the
rationale behind the study during the recruitment period. This
presentation took place during their in-service training meeting.
5.3.8

Referral Pathway

Copies of the Patient Information Leaflet, Consent Form and Referral
Form were emailed through to all participating physiotherapists [See
Appendix 17b; 17c; 17e]. The PhD candidate also ensured to set up
clear lines of communication via phone and email to answer follow up
questions and queries throughout the recruitment period. Emails were
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sent once a week to remind participating physiotherapists about the
ongoing recruitment period along with the referral process. The PhD
candidate spoke by phone with the lead physiotherapist in each site at
least once a week during the recruitment period. Throughout the
recruitment period (three weeks in duration in each area) the
participating physiotherapists were asked to complete a daily
recruitment form detailing the numbers of patients seen; the number of
patients eligible for the programme; number of patients who consented
to participating and their reasons for declining to participate (See
Appendix 17a].
5.3.8.1

Identification of Participants

The referral pathway was designed so that any participating primary
care general practitioner or physiotherapist could refer to the Activ8
programme however given the short recruitment period all potentially
eligible participants were identified by participating primary care
physiotherapists. Treating primary care physiotherapists acted as
gatekeepers and approached potential participants about the project in
the first instance. If a patient was deemed eligible by their
physiotherapist he/she was informed of the purpose of the study, was
given a Patient Information leaflet [See Appendix 17b] and invited to
participate in the study. Patients were reassured that should they
decline to participate it would not affect their current or future care
from any primary care clinician. This information was also documented
on the Patient Information Leaflet [Appendix 17b].
Both existing patients and new referrals to physiotherapy were eligible
for participation. It was decided by the PhD candidate and lead
physiotherapist in the first area running the study that prior to the
recruitment period potential participants were not drawn directly from
the Physiotherapy wait-list but from current patients attending
/assigned to named physiotherapists. This was to allow for potential
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participant withdrawal from the programme, if the participant withdrew
from the study and still required one to one Physiotherapy a named
clinician would be identified. The physiotherapist completed the consent
form with the patient and completed the referral form. The Physical
Activity Readiness Questionnaire (PAR-Q) was also completed by the
participating Physiotherapist with the potential participant and indicated
if the patient needed to check with their doctor before becoming
physically active [See Appendix 17d]. Initially the research team
wanted the participating physiotherapists to administer the PAR-Q+ as
it is more detailed and the additional clinical information can reduce the
need for consulting with the patients General Practitioner to assess if
the patient was safe to commence an exercise programme. (319)
However, during the meetings with participating physiotherapists prior
to the recruitment period, feedback was given about the PAR-Q+ that is
was too long to complete in an appointment time therefore the
research team decided to use the original PAR-Q form. The completed
documentation was stored by the lead Physiotherapist. Each participant
was contacted by phone prior to commencement of the study to answer
any potential questions and confirm their attendance.
5.3.9

Data collection process

Baseline data collection was completed with all consenting participants
by the PhD candidate on Day 1 of the programme. The participants
were requested to come an hour earlier than the normal start time of
the programme in order for outcome measures to be completed. A
number of quantitative outcome measures were chosen which reflected
the aims and objectives of the study (see Section 5.6).The outcome
measures were identified in the study protocol to avoid selective
reporting of outcomes, which may lead to bias or overestimation of an
intervention. (320) Post programme quantitative and qualitative
outcome measures were again completed by the PhD candidate. Data
was collected pre and post intervention by mode of hardcopy
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questionnaire along with physical outcome measures form [See
Appendix 18a]. Data entry was completed onsite pre and post
intervention using an encrypted laptop and thus all data was deidentified prior to leaving the site and no hard copies were taken from
the site. The coded data was retained on a secure, password-protected
and encrypted RCSI server for the duration of the study and will be
retained for 5-7 years after the publication of results, in accordance
with RCSI data management guidelines (2016).

5.4 Intervention: Six week physical activity and lifestyle
education programme
As discussed in Section 5.2.1 the intervention was based on
programme identified in primary care, which focused on exercise and
education for patients with chronic low back pain. This programme was
adapted for patients with multimorbidity. The variations between the
Back on Track programme and the Activ8 programme are outlined in
Table 5.4. The intervention group attended the physical activity and
education programme for ninety minutes, once weekly for six weeks.
Participants were advised to continue their normal daily routines and
medication.

192

Table 5.4: Details of Back on Track Programme and the Activ8
Programme
Back on Track

Activ8 Programme

Theory

No specific theory
identified, Chronic Pain
Self-management
strategies incorporated

Bandura Self-Efficacy
Theory & Adapted
Chronic Disease SelfManagement Programme
themes

Content

6 Education Talks:

6 Education Talks with 8
key themes covered:

1) Understanding pain &
managing flare-ups
2) Benefits of exercise
3) Pacing and positive
coping strategies
4) Sleep & relaxation
techniques
5) Posture and ergonomics
6) Motivation, goal planning
& overcoming barriers

1) Physical activity &
exercise
2) Pacing & prioritising
3) Pain management
4) Sleep
5) Stress & emotional wellbeing
6) Nutrition
7) Goal setting & lifestyle
balance
8) The theme of signposting to local resources
occurred throughout the
programme

Participants

Chronic Low Back Pain
patients being managed
by the Health Service
Executive Community
Physiotherapy services

Multimorbidity (>2
chronic conditions)
patients being managed
by the Health Service
Executive Community
Physiotherapy services

Format

45 minutes Exercise
(circuit based with warm
up /cool down)

45 minutes Exercise
(circuit based with warm
up /cool down)

45 minutes Education

45 minutes Education

Location

Dublin City Council
Leisure Centre

Dublin City Council
Leisure Centre

Mode of
Delivery

Co-delivered by a Primary
Care Senior
Physiotherapist and
Dublin City Council fitness
instructor

Co-delivered by a
Primary Care Senior
Physiotherapist and
Dublin City Council
fitness instructor
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5.4.1

Programme Content

Each session started with forty-five minutes of supervised exercise
which were targeted towards patient’s needs and preferences followed
by a forty-five minute education session. This format was retained as
part of adaptation of Back on Track programme and the structure of the
education component is consistent with evidence on self-management
programmes as outlined in Chapter 2 (Section 2.12). Reduction in
physical function depends on a variety of interacting factors: age;
physical activity level; type and impact of disease. (321) An important
aspect of this intervention was that the exercise was individualised and
that the intervention was suitable for mixed ability levels. This also
takes into account that interventions are delivered through health
services areas which differ in their resources and are delivered to
heterogeneous populations therefore allowing for individual
preferences. (322) The exercise component of the programme was
designed to provide participants with choice and to self-select what
exercise they wanted to do.(323, 324) When self-selection is endorsed,
the real and apparent rigidity of standard exercise guidelines is
avoided.(325) Evidence has demonstrated that by providing choice, an
individual’s autonomy is supported and there can be an improved
perception of control over behaviour. (326) This can result in positive
adherence, competence and self-efficacy which are essential for longterm successful lifestyle change. (326, 327)
There can be an apprehension when patients are left to self-dictate the
intensity of exercise that cardiorespiratory fitness and health
enhancement levels are not reached/ maintained. A systematic review
carried out in 2009 reported that self-selected intensity approximated
or exceeded the minimum level of the range recommended by the
American College of Sports Medicine.(325) Furthermore, from a
physiological perspective, self-selected exercise programmes have
described exercise intensities similar to the individual’s ventilatory or
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lactate threshold, resulting in positive physiological improvement. (328,
329)
Participants were offered supported warm up on gym equipment (this
would become self-directed at week 4) and optional group stretches.
This was followed by circuit style programme led by the fitness
instructor where participants could decide which exercises they wanted
to do with input from the physiotherapist as needed. The options on the
circuit were stationary bike; treadmill; cross trainer; mat exercises;
step ups; sit to stand exercises; squat exercises; arm weights and
lower limb exercise machines. This session was concluded each week
with a group stretch cool down session led by the fitness instructor.
This was followed by an education talk led by the Physiotherapist and
themes were informed by those used for the existing low back pain
programme back on track programme, which had been based on pain
self-management programmes along with the widely implemented
Chronic Disease Self-Management Support Programme.(289, 330)
Eight key themes were included in the six education sessions: pacing
and prioritising, pain management, sleep, stress and emotional wellbeing, nutrition, physical activity and exercise, goal setting and lifestyle
balance. The eighth theme of sign-posting to additional supports
occurred throughout the programme. The PhD candidate with the
assistance of the lead Physiotherapist in Area 1 devised a facilitator’s
handout for each of the six education sessions [See Appendix 20]. The
handouts covered the key learnings for the participants in the session,
possible next steps for the participants to take and signposting to
supports in the area. It was decided that the education sessions would
cover knowledge typically already known to a primary care
Physiotherapist so that specialist training would not be required. This
concept is in keeping with the pragmatic nature of the study.
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5.4.2

Facilitators

The programme was co-facilitated by a Senior Primary Care
physiotherapist and Dublin City or Dublin County Council fitness
instructor in each study site.
5.4.3

Programme duration

Area 1 (CHO 9) ran the study from October 17th 2016 until December
12th 2016, this included the three week recruitment period. Area 2
(CHO 6) ran the study from February 6th 2017 until April 4th 2017, also
including the three week recruitment period. The programme ran over
six consecutive weeks and each session lasted approximately ninety
minutes.
5.4.4

Programme folder

Each participant received a programme folder on the first day of the
study with information on the programme content [See Appendix 21].
The participants were also offered leaflets each week relevant to the
education topic. These leaflets are publically available from national and
local health agencies such as the Health Service Executive’s Get Active
Your Way.

5.5 Quantitative outcome measures
A range of quantitative outcome measures based on the aims and
objectives of the study were considered. After consultation with the
lead Physiotherapist of the Back on Track Programme the number of
questionnaires for the participants was reduced due to the risk of over
burden on participants. Engagement was regarded as being particularly
important especially at the outset the number of outcomes were
reduced to the EQ-5D-3L and the Stanford Chronic Disease Self-efficacy
Scale questionnaire.(166, 331) The International Physical Activity
Questionnaire was not associated with the development or worsening of
196

multimorbidity in the previous study (280), therefore it was omitted to
reduce participant burden, a measure of physical activity was included
comprising a simple question to the participants about whether their
current activity levels met the World Health Organisations
recommendations when collecting baseline and post programme followup outcome measures [See Data Collection Form, Appendix 18a]. (25)
The Modified Patient Specific Functional Scale (FAI) and the Treatment
Burden scale were also removed as these did not align with the specific
aims and objectives so were not considered essential (Table 5.5).

197

Table 5.5: Quantitative outcome measures
Outcome
measures
considered

Outcome
measures used

Physical
Activity

International
Physical Activity
Questionnaire
(257)

Physical
Activity

Question of
adherence to
World Health
Organisation
recommendations
for exercise (25)
Euro Quality of
Life-5 Dimensions3Levels (332)

Euro Quality of Life5 Dimensions3Levels

(EQ-5D-3L)

(EQ-5D-3L)

HRQOL

Physical
Function
Physical
Function
Physical
Function
Selfefficacy of
participant
Treatment
burden

5.5.1

Modified Patient
Specific Functional
Scale (FAI) (333)
Grip Strength
(334)
Gait speed (335)
Stanford Chronic
Disease SelfEfficacy scale
(166)

Question of
adherence to World
Health Organisation
recommendations
for exercise

Grip strength
Gait speed
Stanford Chronic
Disease SelfEfficacy scale

Treatment Burden
Questionnaire
(336)

EQ-5D

The EQ-5D-3L was selected as a measure of health related quality of
life. Health-related quality of life has been reported to be
multidimensional in nature which includes physical, emotional and
social functioning, all are reported to be negatively impacted by
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multimorbidity.(178) The EQ-5D-3L is a valid and reliable self-report
questionnaire for describing health related quality of life.(332) The EQ5D-3L has been used extensively in the literature in numerous
countries with a multitude of conditions.(332) It was originally designed
for application to economic evaluations of healthcare interventions
however it is now a widely used measure with an index based
score.(331) It is a two part measure consisting of a self-reported
description (EQ-5D) and a self-rated visual analogue scale (EQVAS).(331) The description part contains 5 dimensions: mobility; selfcare; usual activities; pain & discomfort and anxiety & depression and
each dimension has three levels: no problems; some problems; severe
problems).(331) The visual analogue scale is rated between 0 to 100
and participants highlight a point on the scale that provides an overall
assessment of their health. The endpoints are labelled ‘best imaginable
state’ and worst imaginable state’, as judged by the participant [See
Appendix 18b]. The minimally clinically important difference (MCID) is
the smallest difference in the score of an outcome instrument that a
patient would perceive as important.(337) The MCID for the EQ-5D has
not been examined for patients with multimorbidity, however it for
patients post completion of pulmonary rehabilitation a change of 8.0
points has been reported to be significant.(338) For Cancer the MCID
has been reported to be between 7.0 points and 12.0 points.(339) The
EQ-5D-5L was also considered which asks the same questions and give
five levels of responses instead of three. However, after consultation
with the lead Physiotherapist of the Back on Track programme, the EQ5D-3L was utilised due to its ease of use and quick administration for a
heterogeneous population regarding health literacy levels. Use of the
EQ-5D-3L enabled comparison with other studies and its use in relation
to a potential future cost-effectiveness analysis.
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5.5.2

Stanford Chronic Disease Self-Efficacy questionnaire

The Stanford Chronic Disease Self-Efficacy questionnaire (SSE) is a
validated outcome measure of patient’s self-efficacy levels.(166) The
questionnaire is comprised of 33 questions divided into separate
categories such as exercise, obtaining help from friends and family,
communication with health professionals, symptom control, social
activities and emotional functioning. The questionnaire measures the
participant’s confidence levels in managing the various elements of
chronic disease using a scale of 0 through to 10 with 0 being not at all
confident and 10 being totally confident [See Appendix 18b]. The
scores for each section are totalled giving an overall score with the
higher number indicating higher self-efficacy. Self-efficacy has been
reported to be the central evaluation indicator of self-management
outcomes and self-efficacy is described to be a determinant of
participant’s level of engagement in activities. (299, 340) It has also
been reported that higher levels of self-efficacy are associated with
lower outpatient service utilisation.(341) In addition, as the proposed
theoretical understanding was based around self-efficacy, it was chosen
on this basis. The original thirty three item scale was used as it includes
three questions on exercise and the shorter 6 item scale does not.(166)
To date the MCID has not been reported for either version of the SSE.
5.5.3

Grip Strength

Grip strength has been shown to be reliable measure of physical
function when consistent methods and calibrated equipment are used,
even when there are different assessors. (260, 342) It has been
reported to predict accelerated dependency in activities of daily living
and cognitive decline in older people.(261) Longitudinal studies confirm
that grip strength declines after midlife, with loss accelerating with
increasing age.(334) As an assessment measure grip strength low
values are associated with falls (343), and prolonged length of stay in
hospital (344) as well as increased mortality. (345) The European
200

Working Party on Sarcopenia in Older People (EWGSOP) have reviewed
a wide range of tools to measure muscle strength and grip strength was
the only assessment technique recommended for the measurement of
muscle strength. (334) Findings from the longitudinal study presented
in Chapter 4 indicated that grip strength is associated with the
development of multimorbidity over time.(280) Grip strength can be
measured quantitatively using a hand dynamometer. The methods used
to measure grip strength can vary considerably from the protocol used
to the choice of dynamometer. (334) For this study a precise approach
was used as published by the University of Southampton (334) with the
standardised instructions incorporated into the data collection form
[See Appendix 18c]. There has not been a MCID identified specifically
for multimorbidity patients however it has been reported in healthy and
disabled adults a change of more than 6 kg (13.2 lb) is necessary to
detect a genuine change in grip strength 95% of the time.(346)
Another study has estimated it to be 6.5kg, however this study was
based on distal radius fractures treated by plate fixation and the
majority of study subjects were older women.(337) This MCID may be
an overestimation for a group with no traumatic upper limb injury and
may not apply to other conditions and other populations.
5.5.4

Gait speed

Gait speed has been described as the sixth vital sign, it has been
labelled as a principle indicator of health and has been shown to be an
inexpensive, reliable measure of physical function. (262, 263) Gait
speed has been demonstrated to have high interrater and test–retest
reliability. (347) It has been reported that individuals with slower gait
speeds are at a higher risk of disability, cognitive impairment,
institutionalisation, falls and mortality. (348) A meta-analysis has found
that older individuals in the lowest quartile of gait speed have a
threefold increased risk of mortality when compared with individuals in
the highest quartile. (348) The observational study in chapter four
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indicated a longitudinal relationship between gait speed and
multimorbidity in that those with slower gait speeds were more likely to
develop new chronic conditions over time.(280) It was debated about
how best to measure gait speed in the study as a variety of testing
protocols are available for assessing gait speed.(262) Six minute and
ten metre walk tests were considered and a review of the literature
indicated that the six minute walk test would be more sensitive to
changes over a six week period than the 10 metre walk test. (349) The
six minute walk test is a standardised test of functional exercise
capacity, which is regularly used to assess mobility in older persons and
along with patients with cardio-pulmonary conditions.(335, 350)
Certain factors can determine distance variability between patients such
as age, sex and comorbidities including cardiopulmonary disease,
anaemia, musculoskeletal conditions. (351) Standardised instructions
were used to measure participants gait speed along a 10 metre
walkway timed with a stopwatch over six minutes [See Appendix 18c].
The patients were instructed to walk at their normal pace but that the
aim was to walk as far as possible in the six minute timeframe. Again a
MCID has not been identified specifically in patients with multimorbidity
however it has been reported to be between of 7–9% in patients with
cardiovascular disease, pulmonary disease and muscular disease.(352)
In community dwelling older adults it has been estimated a changes of
0.05metre/second and 20 metres for the six minute walk test
are indicative of meaningful change.(353)
5.5.5

Physical Activity Assessment

Participants were asked at the baseline and post programme the
following question: In the past week have you exercised at a moderate
intensity for >150 minutes (2.5 hours / 30 mins x5)? This is the
amount of physical activity recommended by World Health Organisation
(WHO).(25) This was a binary outcome measure to identify whether
participants were sufficiently physically active pre and post programme.
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The author was cognisant of an additional questionnaire to the series of
outcome measures so decided upon a single-item physical activity
question. Single-item physical activity questions can provide a quick
approximation of physical activity levels.(354) They have been
demonstrated to be an acceptable and valid alternative when a detailed
physical activity questionnaire is not feasible. (354)
5.5.6

Data analysis quantitative outcome measures

Descriptive statistics were used to represent the quantitative data
gathered. These include percentages, proportions, means and standard
deviations, and medians. As per the CONSORT Guideline extension for
pilot studies and feasibility trials, inferential statistical analysis was not
carried out on the quantitative results secondary to the small numbers
included in the study. (310) In addition to the guidelines used it is
important to note that the study was not powered appropriately to
assess statistical significance of the results. (315)

5.6 Qualitative evaluation
Following the Activ8 intervention in each site, focus groups were
organised with participants to explore their experience of participation
in the programme. The questioning was semi-structured and the
participants were asked about their thoughts on the programme design
which included their expectations and the acceptability of the
programme. They were also asked about the impact if any the
programme had and their thoughts on the education component along
with their opinions on the programme overall. The interview questions
were derived from the existing literature together with components that
were considered relevant to the Activ8 programme.(355-357)
Semi-structured, one to one interviews were also conducted with the
facilitators (two in each study site). The Physiotherapist in each site
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was asked their thoughts on the referral pathway, the programme
format and impact along with their opinions on the programme’s
implementation in primary care. The participating fitness instructors
were asked their thoughts on the programme format, programme
impact and the implementation of the programme in primary care. All
interviews were conducted separately, therefore only the interviewee
and the person conducting the interview were present in the room at
the time of interview. The PhD candidate who was not involved in the
delivery of the programme completed the semi-structured interviews
and the focus groups. The focus groups and semi-structured interviews
were audiotaped by the PhD candidate with an independent observer
present for each focus group.
Appendix 19 contains details of the questions that were used to guide
the focus groups and the semi-structured interviews with the
facilitators of the programme.
5.6.1

Qualitative data analysis

The focus groups and interviews were transcribed verbatim by the PhD
candidate and analysed using a thematic analysis following a six step
process as described by Braun and Clarke .(358) The six steps
included:
1. Familiarisation with the data: reading and re-reading the data and
noting any initial analytic observations
2. Coding: researcher codes every data item and collates all codes
and relevant data extracts
3. Searching for themes: a meaningful pattern in the data relevant
to the research question is identified
4. Reviewing themes: defining the nature of each individual theme
and identifying the relationship between the themes.
5. Defining and naming themes: analysing each theme in detail
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6. Writing up: integrating the data and contextualising it in relation
to existing literature
Thematic analysis is one of the most common approaches to qualitative
analysis. It is a useful approach for identifying the typical responses
given by participants. It allows the researcher to summarise the data
and draw comparisons or contrasts between the participants.(359) All
participants were assigned a unique study ID to allow for pseudoanonymisation. In order to familiarise themselves with the data the
transcripts were reviewed independently several times by the PhD
candidate and RG (Step 1). Specific sections of the data were assigned
with code that summarised the content (Step 2). Codes with common
features were grouped together in emerging themes (Step 3), before
being finally assigned to overarching themes (Step 4). Each theme was
analysed in detail (Step 5) and the data was integrated and an analytic
narrative was agreed upon (Step 6).

5.7 Results
The results are presented in seven parts. Section 5.7.1 outlines the
recruitment, participant attrition and programme attendance and
section 5.7.2 presents the characteristics of the study participants.
Section 5.7.3 provides quantitative findings, section 5.7.4 presents the
qualitative findings and section 5.7.5 presents the continuation criteria
results, followed by Section 5.7.6 which are the suggested amendments
for further studies and finally Section 5.7.5 presents the triangulation of
both qualitative and quantitative data.
5.7.1

Recruitment, attrition and attendance

All participating physiotherapists were requested to complete a Daily
Recruitment Form [See Appendix 17a] during the three week
recruitment period in each site. The information requested on this form
included number of patients seen each day; number of patients suitable
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for recruitment to study; number of patients who consented to
participate in the study and reasoning for declining to participate. There
was a poor completion and return rate of this form. When the form was
introduced to the first study site there was an initial reluctance from the
participating physiotherapists to monitor their number of patients seen
each day. Once they were reassured that productivity was not being
monitored but the aim was to identify the number of patients suitable
for the study they were willing to participate. However just one form
was returned from the first study site (12 participating
physiotherapists) with information for the three weeks condensed onto
the one document. Three participating physiotherapists returned a total
of seventeen daily recruitment forms from the second study site which
included nine participating physiotherapists. Due to the lack of
compliance with this aspect of the study it is difficult to identify
potential numbers suitable for the study in the two study sites.
Summaries of the average results from the forms received are
presented in Table 5.6.
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Table 5.6: Summary of results from Daily Recruitment Forms received
Average number of patients

3

seen /day by participating
physiotherapists
Total number of patients

11

seen in 3/52 suitable for
recruitment to the study
Number of patients who

5

consented to participate in
the study
Reasons for declining to

x Felt already physically active

participate in the study

x Location didn’t suit
x Transport to location not
possible
x Happy with individual
programme
x Full time carer (no capacity to
attend)

Reasons for not meeting
inclusion criteria

x Paediatric patient
x Did not have multimorbidity
x Neurological patient (hoist
transfer only)

A total of 19 participants were recruited across the two sites, three
participants did not commence the programme due to social issues such
as childcare responsibilities (n=2) and lack of interest (n=1). Sixteen
participants started the programme and completed baseline assessments.
Twelve participants completed the Activ8 programme. Four participants
did not complete the programme for reasons which will now be explained.
One participant (Male; 73 years) with a diagnosis of atrial fibrillation had
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verbal consent to complete the programme from his general practitioner
and commenced the programme relaying that he would bring his consent
from his doctor the following session. However, it transpired that his
doctor was keen for the participant to exercise but was not willing to sign
a consent form for the patient therefore he was removed from the study
for his own safety. The participant was linked back in with his referring
Physiotherapist and advised to discuss access to cardiac rehabilitation
with his doctor.
Another participant (#006) had an exacerbation of his chronic low back
pain and withdrew himself from the study after completing three sessions.
Two other participants did not attend their final session (#002 and #003)
for reasons unknown and therefore their post programme outcome
measures were not completed. Figure 5.2 is an overview of the
participant numbers including drop out during the study.
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Patients recruited to
study (n= 19)

Site B

Site A

Baseline

Baseline

n=9

n=10

Did not commence
study:

Did not commence
study:n=2

*Sustained new
injury and unable to
attend (n=1)

*Lack of interest
(n=1)
*Did not attend,
social reason (n=1)

Site A PreProgramme

Site B PreProgramme

n=9

n=7

Lost to follow up
(n=3)

Lost to follow up
(n=1)

2o

*Withdrew
to
exacerbation of
symptoms (n=1)

*Withdrawn, lack of
consent (n=1)

*Did not attend final
session (n=2)

Site B PostProgramme

Site B PostProgramme

n=6

n=6

Figure 5.2 Flow diagram of participants through both programmes
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The rates of attendance for the both programmes (n=19) are displayed in
Table 5.7. The attendance rates were somewhat better in Site B, however
both sites achieved 60.0% attendance at five or more sessions.
Table 5.7: Programme attendance
Sessions

Site A

Site B

attended

(n=10)

(n=9)

All 6 sessions

2 (20.0%)

5 (55.7%)

5 sessions

4 (40.0%)

1 (11.1%)

4 sessions

1 (10.0%)

0 (0%)

3 sessions

2 (20.0%)

0 (0%)

2 sessions

0 (0%)

0 (0%)

1 session

0(0%)

1 (11.1%)

0 sessions

1 (15.8%)

1 (11.1%)

5.7.2

Participant characteristics

See Table 5.8 which displays the demographic details of the participants.
The participants in both groups were comparable in terms of sex, with
eight females and two males recruited in Site A and six females and three
males recruited in Site B. The number of conditions was also comparable
with an average of 3.1 conditions in Site A and 3.7 conditions in Site B.
The main difference between the two groups was the age range of the
participants. The average age in Site A was 57.7 years (SD 8.6 years) and
the average age in Site B was 66 years (SD 14.3 years). Combining Site A
and Site B there was a mean age of 61.6 years (Range 31 -80 years),
presenting with a mean 3.4 chronic conditions (Range 2 -5 conditions)
with an average of 5.0 (Range 0 -10) medications.

210

Table 5.8: Demographic details of participants
Site A
Participant
Number

Sex

Age

Conditions

#001

Female

70 years

#002

Female

56 years

#003

Female

50 years

#004
#005

Female
Female

56 years
53 years

#006
#007

Male
Male

47 years
62 years

#008

Female

48 years

#009

Female

61 years

Osteoporosis; Osteoarthritis; Noncardiac chest pain
Chronic Low back pain; Depression;
Hypothyroidism; Cancer history
Hypothyroidism; Chronic Low Back
Pain; Hip Pain; Falls; Irritable Bowel
Syndrome
Osteoporosis; Osteoarthritis
Chronic Low Back Pain; Cancer
history
Chronic Low Back Pain; Depression
Ischemic Heart Disease;
Hypercholesterolemia; Hiatus
hernia
Hypothyroidism; chronic Low Back
Pain; Hypercholesterolemia;
Headaches
Low Back Pain, Fibromyalgia

#010

Female

74 years

Chronic Low Back Pain; COPD;
Hypothyroidism; Asthma

4

Site B
Participant
Number

Sex

Age

Conditions

#001L

Male

80 years

#002L

Female

71 years

#003L

Female

78 years

#004L

Female

76 years

#005L

Female

75 years

Osteoarthritis; Chronic Low Back
Pain; Diabetes; Chronic coronary
artery disease; Falls
Total Knee Replacement x 2;
Cancer history; Cardiac history
Hypertension; Osteoporosis;
Hypercholesterolemia;
Fibromyalgia, Chronic Low Back
Pain
Osteoarthritis; Depression; Weight
Loss; Osteomalacia; Panic Attacks
Type 2 Diabetes; Osteoporosis

Number of
prescribed
medications
1

#006L

Female

57 years

Low Back Pain; Depression; Anxiety

6

#007L

Female

54 years

5

#008L

Male

72 years

#009L

Male

31 years

Breast Cancer history;
Hypothyroidism; Chronic Low Back
Pain
Type 2 Diabetes, Atrial Fibrillation;
Quad muscle repair
Chronic Low Back Pain;
Hypertension; Hypothyroidism
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Number of
prescribed
medications
8
1
6

4
0
10
6

5

3

3
7

8
6

9
2

5.7.3

Quantitative outcome measures

Table 5.9 presents a summary of the quantitative findings. To note one
participant (#006) in the first site could speak English but had difficulty
reading English and required extra assistance to complete the
questionnaires. It transpired at the second site one participant (#001L)
was not able to read and required full assistance to complete the
questionnaires. Both participants were in the same referral pathway
where the exclusion criteria stated communication difficulty which would
impair the completion of the questionnaires. On average all outcome
measures demonstrated improvements post completion of the Activ8
programme aside from right hand grip strength measures.
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Table 5.9: Summary of quantitative findings
Baseline

Pre-

Post-programme

Change in

n=16

programme

n=12

mean

Mean (SD)

n=12

Mean (SD)

n= 12

Mean (SD)
EQ-5D (VAS)

60.34 (19.22)

64.63 (17.54)

71.13 (16.12)

6.5

Stanford Self-

66.18 (15.63)

69.75 (14.22)

72.74 (14.80)

2.99

WHO Physical

Yes: 5 (31.3%)

Yes: 4 (33.3%)

Yes: 5 (41.7%)

N/A

Activity

No: 11 (68.7%)

No: 8 (66.7%)

No: 7 (58.3%)

Right: 17.44
(6.58)

Right: 16.92
(6.35)

Right: 17.42
(6.67)

Right: 0.5

Left: 13.88 (6.24)

Left: 13.25
(5.83)

Left: 14.08
(5.95)

Left: 0.83

329.07
(70.94)

329.04
(64.40)

363.94
(84.48)

34.9

Efficacy Scale
(SSE)

Question
Grip Strength
(kg)

Gait speed: Six
minute walk
test (metres)

EQ-5D-3L Results
The results from the EQ-5D-3L questionnaires are represented in Table
5.10. At baseline the majority of the participants had moderate difficulty
with mobility, usual activities, pain and anxiety /depression. Self-care was
not an issue for the majority of the participants at baseline. The average
descriptions of mobility remained the same pre and post programme with
descriptions around usual activities improving. Self-care, pain and
anxiety/depression showed minor deteriorations in their results from pre
programme to post programme. The self-rated valuation of the
participants overall assessment in health (EQ-5D-VAS) demonstrated an
improvement in participant’s mean results. Those twelve participants with
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complete data showed mixed results with 58.3% participants improving,
8.3% of participants remaining the same and 33.3% of participant’s score
declining post programme (See Table 5.11 and Table 5.12). Regarding
the administration of the EQ-5D-3L, the participants had no issue
completing the descriptive ‘tick box’ component however they needed
nominal further instruction in how to complete the EQ-VAS section
correctly. This finding is in keeping with research, which looks at the
performance of the EQ-5D-3L in practice. (360)
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Table 5.10: Comparison of EQ-5D Scores: baseline (n=16), preprogramme (n=12) and post programme (n=12)

215

Table 5.11: Comparison between EQ-VAS scores at baseline and follow
up
Baseline
(n=16)

EQ-VAS
Scores

Mean
(SD)

Preprogramme
(n=12)
Mean
(SD)

Postprogramme
(n=12)
Mean
(SD)

Change in
mean score
(n=12)

60.34
(19.22)

64.63
(17.54)

71.13
(16.12)

6.5

Table 5.12: Frequency of participant change in EQ-VAS scores
Post programme
(n=12)

Score Increased

Score remained
same

Score decreased

Frequency (%)

7 (58.3%)

1 (8.3%)

4 (33.3%)

Stanford Chronic Disease Self-efficacy (SSE) Results
The results from the Stanford Chronic Disease Self-Efficacy questionnaires
are represented in Table 5.13 and Table 5.14. The SSE questionnaire was
used as a measure of participant’s confidence in a number of domains
common across many diseases including communicating with physicians,
emotional functioning, symptom control and exercise consistency. Overall
there was an improvement in mean SSE scores between pre and post
Activ8 programme. Again, results were mixed when the individual results
of the twelve participants who completed the programme with 50%
increasing their scores, 8.3% remaining the same and 41.6% participants
SSE scores decreasing.
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Table 5.13: Comparison between SSE scores at baseline and follow up

SSE Score

Baseline
(n=16)
Mean
(SD)

Pre-programme
(n=12)
Mean
(SD)

Postprogramme
(n=12)
Mean
(SD)

Change in
mean score
(n=12)

66.18
(15.63)

69.75
(14.22)

72.74
(14.80)

2.99

Table 5.14: Frequency of participant change in SSE scores
Post-programme
(n=12)

Score increased

Frequency (%)

6 (50%)

Score remained
the same

Score decreased

1 (8.3%)

5 (41.7%)

Grip Strength Results
Mean grip strength results are displayed in Table 5.15. Evidence has
shown that males have higher grip at all ages, and analysis by age group
has demonstrated a peak of grip strength in the fourth decade with a
subsequent gradual decline in grip strength for both genders.(361) Data
were not analysed according to gender as the study was not powered to
detect effectiveness. Overall there was an improvement in both left and
right handed grip strength measurements from pre to post completion of
the Activ8 programme. To note that 91.7% of the participants were right
hand dominant. No issues were encountered when administering grip
strength as an outcome measure.
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Table 5.15: Mean grip strength results
Baseline
(n=16)

Grip strength
(kg)

Mean
(SD)

Preprogramme
(n=12)
Mean
(SD)

Postprogramme
(n=12)
Mean
(SD)

Change in
mean score
(n=12)

Right: 17.44
(6.58)

Right: 16.92
(6.35)

Right: 17.42
(6.67)

Right: 0.50

Left: 13.88
(6.24)

Left: 13.25
(5.83)

Left: 14.08
(5.95)

Left: 0.83

Six minute Walk Test Results
Six minute walk test results demonstrated an improvement in mean
distances between pre and post programme (See Table 5.16). It has
been recommended that to improve validity of the test that it is carried
out at the same time of day under the same conditions which it was in
our study.(351) The results in our study showed a mean change of 34.9
metres (10.6%) post programme. No difficulties were encountered
when administering the six minute walk test as an outcome measure.

Table 5.16: Six-minute walk test results

Distance in
metres

Baseline
(n=16)
Mean
(SD)

Preprogramme
(n=12)
Mean
(SD)

Postprogramme
(n=12)
Mean
(SD)

Change in
mean score
(n=12)

329.07
(70.94)

329.04
(64.40)

363.94
(84.48)

34.9
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World Health Organisation (WHO) Recommendations for Physical
Activity Results
At baseline the majority (66.7%) of participants reported that they did
not meet the WHO guidelines for physical activity (moderate intensity
for >150 minutes per week). Post completion of the Activ8 programme
nine participants stayed the same with three adhering to and six not
adhering to WHO recommendations for physical activity before and
after the study. Out of the remaining three participants, two reported
an improvement from not adhering to recommendations before the
study to adhering to recommendations after the study and one
participant started the programme adhering to the recommendations.
The reason/s for changes in physical activity levels was not identified.
This outcome measure needed some explanation during administration
in terms of putting the 150 minutes into context but no participant had
difficulty in answering the question. The frequency of change in results
are demonstrated in Table 5.17
Table 5.17: Frequency of participant change in WHO Physical Activity
Recommendations
Baseline

Pre-Programme

Post-Programme

Adherence to

Adherence to

Adherence to

recommendations Recommendations

Recommendations

n=16 (%)

n=12 (%)

n=12 (%)

WHO

Yes: 5 (31.3%)

Yes: 4 (33.3%)

Yes: 5 (41.7%)

Guidelines

No: 11 (68.7%)

No: 8 (66.7%)

No: 7 (58.3%)

5.7.4

Qualitative results

Ten of the twelve participants completed the two separate focus groups
and the four facilitators of the programme also took part in the semi219

structured interviews. The duration of each focus group was thirty to
forty minutes and the facilitator interviews lasted thirteen to thirtyeight minutes. An overarching concept of patient-centeredness
emerged across the participants following data analysis. Patientcentredness is not a new concept and has been operationalised in the
healthcare setting for decades as patient-centred care, client-centered
practice or patient-focused care. (362) Patient-centeredness can be
interpreted in different ways and has been defined as care which is
‘congruent with, and responsive to patients' wants, needs and
preferences’.(363) There are different models of describing the various
aspects of patient-centred care.(364) Common dimensions are: 1. the
patient as a person which describes how the same condition can effect
patients differently, 2. the biopsychosocial perspective which describes
understanding the patient as a whole, 3. sharing power and
responsibility which describes involving patients in their care and
providing information with enables patients to take greater
responsibility, 4. therapeutic alliance which describes importance of
professional-patient relationship.(362, 364) All four dimensions are
illustrated in the qualitative results of this study. The data illustrates
the extent to which individuals with multimorbidity valued the
personalised focus of the programme. The exercise component was
self-selected and not specifically prescribed. This element of choice
around their exercise allowed for the participant and clinician to share
power and responsibility around their treatment and care. The
participants acknowledged the role of the facilitators of the programme
had in supporting that process. Furthermore, the education sessions
provided information on lifestyle and health which enabled participants
to take greater responsibility for their health and their conditions which
is another characteristic of patient-centred care.
Three key themes that illustrated the concept of patient-centredness
were derived including perceived personal impact of the Activ8
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programme, the personalised composition of the programme and the
evolving nature of primary care practice to reflect the changing profile
of clients. Each key theme is supported by relevant quotations to reflect
the extent to which the Activ8 programme was viewed as a positive
experience for the individual participants. For the purposes of the data
presentation, the responses from the individuals with multimorbidity
are identified as Participants 1-10, the responses from the
physiotherapists and fitness instructors are identified as Facilitators 14.
Perceived personal programme impact: energy and confidence
Both the facilitators (physiotherapists and fitness instructors) and
participants identified significant benefits to the Activ8 programme both
physically and psychologically. In terms of physical improvements,
responses were varied across participants, ranging from increases in
range of movement and strength to improvements in energy levels and
participation in social activities. An awareness that conditions can
impact on patients differently and thinking of the patient as a person
was considered in the design of the programme and the data
demonstrated irrespective of their conditions that the majority of
participants reported personal improvements in their well-being. This
data identified the patient as a person and supported the over-arching
theme of patient-centredness.
‘But when you come into a place like this, you don’t really think about
your health or about your problem you’re just focusing on getting
stronger and then you see people that are maybe a lot older than
yourself and they’re pushing themselves…’ (Participant 7)
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This was also reflected by the Facilitators:
‘You can have a certain condition on paper but it’s actually how you
functioning and what’s your quality of life and so actually in a way their
condition is secondary to where they are in their level of function and
their ability… it doesn’t really matter what they come in with… it’s
where they are in their function and where they feel they are with
quality of life and stuff like that so yeah no the mix doesn’t matter…
(Facilitator 1)

‘I don’t feel as tired as I used to, y’know…. I feel I got more energy,
y’know I feel because of my problem y’know with my leg as well I feel
that my muscles, my body is stronger’ (Participant 7)

‘And it makes you feel good y’know for the rest of the week…I definitely
have more energy’ (Participant 9)

‘And it [the Activ8 programme] gives me confidence, now and I’m here
trying to get confidence myself… we always try and go to the cinema so
we saw six films that were on the top list during the winter…, so it just
gave me confidence both ways’ (Participant 2)

‘The emphasis is just on movement and it’s in an environment that a lot
of them are like ‘oh my goodness I, I actually came to a eh eh a leisure
centre and I was on a bike or’ so it’s really empowering for them amm’
(Facilitator 1)
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In particular participants across the two focus groups noted an
improvement in their confidence. This was also highlighted by all four
facilitators.
‘I feel braver and I do a bit more, amm I’ve more confidence and eh
you think if you’ve pain, what do you do with pain and amm and it’s
your mind over… what your attitude can become so’ (Participant 8)

‘it was very easy to see the confidence, was the big thing I saw’
(Facilitator 2)

‘so, it’s great, their, their confidence is up even just to go and do that…
you know it’s brilliant, even to see that people are coming once the
programme’s finished you know’ (Facilitator 3)

Activ8 programme: key

features

Several participants commented on the composition of the programme
in terms of the group structure, the timing, frequency, duration,
intensity and variety in the content of the intervention.
‘I found it was possible to make the effort to be here once a week, if it
had been for longer I might have said no I can’t afford to do that’
(Participant 8)

The programme was carried out in a group format and this
demonstrated personalised care outside of a traditional 1:1 care
approach of typical primary care Physiotherapy treatment.
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‘I think it’s very good to have a group situation… Where you have other
people feel the same, you don’t feel on your own… So in a social type of
thing, it’s very good’ (Participant 2)

Furthermore, the exercise component of the programme was individual
and participants were able to choose and try different exercises and
different machines. This reflected the participants own choice of
Physiotherapy treatment with support from the programme facilitators
and this was acknowledged by the participants. This highlighted again
the shared power and responsibility about their care and thus patientcentred theme.
‘So y’know to be able to try those different machines, like I was afraid
to get on the bike…because of my leg I’ve limited movement and I said
I can’t do this but after five minutes on the bike I, I could actually go
further than I was able to….. since doing the six week course I find at
least I know now what I can do and what I’m not able to do (Participant
7)

‘It was a nice time because you could use all the machines in rotation in
that time’ (Participant 2)
The therapeutic alliance was also demonstrated as a key aspect of the
programme supporting the patient-centred theme.
‘You wouldn’t know what to do unless you had somebody like there
helping you’ (Participant 1)

I found (Facilitator 4) very helpful…. keeping an eye on us (Participant
6)

224

‘I think a lot depended on (Facilitator 1), she put it so nicely and…she
doesn’t make you feel you’re not performing as well as anybody else,
she takes you as you are yourself, and amm doesn’t make you feel that
you’re not performing, it would be great now if you could do better, no
just take it at your pace, she’s very encouraging’ (Participant 8)

‘And we had the commitment for the six weeks, so that was a reason I
am going to get this. And then it went along, you got more progressive
and you did all the different machines… And then you get them little
talks and maybe you knew all those things before but really you don’t’
bring them to mind all the time’ (Participant 2)

However, discussion around the programme content wasn’t 100%
positive with one participant commenting:
‘I don’t think I, I don’t think I’d use it, myself, I feel it’s a bit of a
waste of time… cause the things you’re doing you can do by walking or
y’know’ (Participant 5)
Facilitators noted that the heterogeneity of the population included
enhanced the generalisability of the programme.
‘I thought the fact that it was so broad, the fact it was multi, so,
anything from depression to diabetes to that was very practical to the
cohort of people that I see every day… Yet it meant that, you could
easily find these people, y’know this covers a lots of people’ (Facilitator
2)
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Evolving nature of delivery of community-based exercise
interventions
The Activ8 intervention represents a change in the typical delivery of
primary care physiotherapy for several reasons including the interagency approach, the setting of the intervention and the management
of the client group. The non-traditional environment (leisure centre)
and the accessibility of the leisure centre were identified as positive
features of the Activ8 programme, noted by both participants and
facilitators. Access to the programme and leisure centre postprogramme was highlighted by participants. Access has been reported
to be an attribute of patient-centred care.(365)
‘Driving and parking was very convenient’ (Participant 5)

‘yes..cause its very, to go private, to go private it was very expensive
and with a pension you can’t afford it really y’know.. so because of this
programme I’ve now learned that you can join now so it’s great’
(Participant 10)
It’s nice to feel like everybody else, like you’d go to, in a hospital
situation you feel that you’re sick…You feel that you’re weak, your
y’know you’re not a strong person…I never would have dreamed to
come inside a gym (Participant 7)

I was looking forward to it cause I’d never been in a gym before which
I think is gone down in history here (laughs) (Participant 6)

‘But it was different than a Physio cause if you go to the Physio you
sometimes get one of the treatments, or you get kind of an adjustment
or so y’know, so more hands on, amm, so it was just a different aspect
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to maybe your well-being to actually do the exercise, so was
completely, it’s a gym, being supported by a Physio as opposed to
Physiotherapy’ (Participant 5)

‘Where here you come and do your thing and you can go alright but it
just seems to be more more intimate ? (Interviewer: Ok, more
individualised?) Individual, yeah’ (Participant 2)

‘It’s time for for for us to have no matter what else, all else is going on
outside, this is our time and it’s so good to have that time’ (Participant
10)

‘I think the environment is really important, that we’ve taken them out
of a health centre, we’ve taken them out of a health, be it a hospital
outpatients or in our case it’s a health centre, but they’re not coming
because their sick y’know it’s, the emphasis is off that’ (Facilitator 1)

Integrated care and comprehensive care is another attribute of patientcentered care (365)and facilitators identified that the inter-agency
approach to the delivery of the intervention overcame barriers
associated with traditional service delivery in primary care.
‘The lovely thing about it is that it’s so accessible to them they, if
y’know it’s it’s, if they finish our programme [primary care
physiotherapy] they can come, it’s open from seven in the morning till
till ten at night… Seven days a week, it’s, it’s so accessible…. Amm
whereas if we see them in the health centre and we finish, that’s it they
can’t come back because they need an appointment and it’s a certain
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time at a certain date, whereas once they’ve got familiar with that
environment they can go when they like’ (Facilitator 1)

‘Well it’s easier cause you’ve all the equipment there, do y’know what I
mean? I’ve no equipment here, now I I, because I don’t do that kind,
just I’m not, I don’t have the facility to do that here because I don’t
have the equipment’ (Facilitator 1)

However, continued collaboration and support from management, in
terms of time, human and physical resources, were identified as key
criteria to ensure continuity and sustainability of the programme. The
autonomy of practitioners was also highlighted as an important aspect
of the inter-agency relationship. In addition, communication between
practitioners and among client groups was also identified as a key
feature to the success of the programme.
‘I think from amm supervisory role I think that we, we both worked
independently, the the, so I think from that perspective is was good
because again it meant that I didn’t have to worry about the what else,
what everybody else was doing and or that XX [physiotherapist] found
the same, that she felt I was coming from a competence looking after
the guys from my end as well’ (Facilitator 4)
‘I mean certainly I think it is challenging for therapists because they
probably amm yeah just so, there’s a lot of amm ehh networking has to
be done, building up of relationships, take time amm, Dublin City
Council have been great at eh providing the facilities they’re not so
keen on the paperwork and doing the evaluations things like that so
once we accept that it’s going to be us that will do all of that’
(Facilitator 4)
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In addition to the themes which emerged the qualitative interviews
revealed important feedback about communication between the
Physiotherapist and fitness instructor regarding the potential benefit of
verbal patient handover each week.
‘I’ve no problem with my involvement in the group, what I mean is is
that it just to basically amm give continual feedback on how people are
getting on’ (Facilitator 4)
‘Ok, that’s really useful, so would you think it would be useful to maybe
have five minutes with you either at the start or at the end? To give
you a brief overview of where people are at (Interviewer)
Ummm…Yeah, yeah (Facilitator 4)
This was in addition to a suggestion of measuring the rate of perceived
exertion from the participants each week in order for the fitness
instructor to gage intensity of the exercise component of the
programme.
‘if we had say at the end of every class you gave an RPE (rate of
perceived exertion) scale, you just wrote, if each clientele just wrote
down a number that represented how they felt for the day..we’d have a
better understanding and of how each individual is coping with the class
plan’ (Facilitator 4)

This would not have come to light had the qualitative interviews had
not been conducted. The focus groups provided valuable insights into
participant’s concerns about access to facilities in order to continue with
exercising post programme, and this was easily clarified by the PhD
candidate.
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5.7.5

Study continuation criteria results

In order to determine whether it was feasible to proceed to a
randomised controlled pilot study the continuation criteria, as per Table
5.3 were reviewed on completion of the study.
Trial Recruitment
The first recruitment criterion was for 3-4 participants to be recruited
per week in each CHO. It was difficult to assess this specifically as Daily
Recruitment Forms with this information were not completed /not
returned to the Lead Physiotherapist or PhD candidate. However, one
CHO 9 recruited 10 participants and CHO 6 recruited 8 participants
within the three week recruitment period. The next recruitment
criterion was for 50% of eligible patients consenting to participating in
the study and again this information was not available due to the lack
of Daily Recruitment Form completion.
Protocol non-adherence
It was stipulated that there should be a <20% drop out from both
programmes in order to have adequate intervention exposure. There
was similar loss to follow up numbers in both programmes with Site A
losing 40% of participants and Site B losing 33.3% of participants.
Presence of side-effects or adverse events was another continuation
criterion. One participant did withdraw from the study secondary to an
exacerbation of his low back pain. The participant did not comment on
whether he felt this exacerbation was secondary to programme
participation. There were no other side-effects or adverse events
recorded.
Completeness and quality of outcome data
The first completeness and quality of outcome data criterion was that
questionnaires would be completed in at least 95% of all recruited
subjects and this was the case for both Site A and Site B.
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The second criterion in this section was regarding the ease of
administration of the outcome measures. There was no issue
documented for the administration of the grip strength test or six
minute walk tests. The EQ-5D-3L did not present any difficulties when
being completed by both groups. As discussed in Section 5.7.5
assistance was needed with the Stanford Self-Efficacy questionnaire in
both intervention sites. There was one participant with an issue reading
English in the first study site so needed extra assistance with
completion of the questionnaires. In the second site, one participant
was also unable to complete the questionnaires without assistance. The
participant reported he had no glasses so could not complete the
questionnaires. However, upon completion of the questionnaires with
the participant it became apparent to the PhD candidate that he had
issues with literacy. The communication issues with both of these
participants were not picked up by the referring Physiotherapists.
Differences between Sites
As discussed in Sections 5.3.2.3 and 5.3.5 the Sites where the
intervention was carried out had populations with different
socioeconomic levels with Site A being classified as a very
disadvantaged area and Site B is classified as an affluent area.(317)
There were minimal differences in the quantitative and qualitative
results, however to note that there was a difference of average age in
the participants. In Site A the mean age was 57.7 years with an
average of 4.7 prescribed medications. In Site B the mean age was 66
years with an average of 5.2 prescribed medications. This age
difference was possibly reflected in the average six minute walk test
results with Site A having slower mean baseline (266.9 metres) than
Site B (377.4 metres).
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Qualitative evaluation
The criteria in this section covered the acceptability of the intervention
to the participants and facilitators. In the focus groups for both
programmes it was acceptable to receive their Physiotherapy in a
Leisure Centre
‘I thoroughly enjoyed it’ (Participant 6)

(coming to a gym)..’ It was no problem’ (Participant 2)

‘..I feel like I was the the unknown, what is it all about but it amm
hopefully it will help and I must say it was tremendous yeah’
(Participant 10)

‘It’s nice to feel like everybody else (coming to a gym), like you’d go to,
in a hospital situation you feel that you’re sick’ (Participant 7)

The participating lead physiotherapists were both very positive about
delivering their Physiotherapy treatment in a state supported Leisure
Centre
‘well it’s easier cause you’ve all the equipment there, do y’know what I
mean? I’ve no equipment here, now I I, because I don’t do that kind,
just I’m not, I don’t have the facility to do that here because I don’t
have the equipment’ (Facilitator 1)

‘..I actually enjoy it and I think it’s lovely to be able to go into
somewhere like that and see, I think eh from having worked in the
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health centre here the the changes I would see are greater by going to
the leisure centre cause they are all amazed by that they’re doing what
they’re doing’ (Facilitator 2)
The fitness instructors independently agreed that is was acceptable to
work together with a Chartered Physiotherapist with health service
patients in their Leisure Centre.
‘..it was great yeah, you get, you get to learn a lot more yourself then
as well’ (Facilitator 3)

‘..having the two of us there eh from the start and finish of the session
worked really really well’ (Facilitator 4)

To conclude this section, taking into account all the continuation criteria
results the results are positive and strong enough to indicate that
taking the study through to the next stage of a randomised controlled
pilot would be worthwhile. However, a number of issues were identified
during the course of the study and recommendations for future
research of the Activ8 programme have been identified and will be
discussed in the next section.
5.7.6

Suggested amendments for a further study

The continuation criteria results suggest that the study could move
through to the next phase of a randomised controlled pilot study.
However, there are some amendments recommended for the next
study and they are as follows:
x To incorporate a four week recruitment period instead of a three
week recruitment period (as was enforced by time restraints in
this study). This conclusion was made both by the lead
Physiotherapist and PhD candidate.
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x To incorporate the 6-item Stanford Chronic Disease Self-Efficacy
scale. The 36-item Stanford Chronic Disease Self-Efficacy scale
used proved time-consuming for the participants to complete and
the 6-item scale would be easier for the participants to complete
and be less time-consuming in subsequent studies(366)
x To incorporate the EQ-5D-5L questionnaire instead of the EQ-5D3L questionnaire. Previous research has reported that the EQ-5D3L may not be able to fully discriminate different levels of health
status among individuals, especially in the healthier part of the
measurement rule.(367) In addition, several studies have
reported the existence of a ceiling effect in both the general
population and different patient groups with the EQ-5D-3L.(368370) By changing to the EQ-5D-5L, it would improve the
descriptive richness and discriminatory power of the EQ-5D data
attained(371)
x To incorporate the treatment burden questionnaire (336) as
omitted from this study secondary to time restrictions however,
the 6 item Stanford Chronic Disease Self-Efficacy scale would
take less time to complete than the 36-item Stanford Chronic
Disease Self-Efficacy scale thus allowing for another important
outcome measure.
x To incorporate accelerometers as an objective measure of
physical activity (budget depending) would be a beneficial
addition in the next phase of the Activ8 programme. The selfreport measure of physical activity is acceptable and valid as
discussed in Section 5.6.5 however, in order to gain a deeper
insight into participant’s physical activity patterns a device such
as an accelerometer could provide more meaningful and accurate
results(372)
x To incorporate a five minute verbal handover between the
physiotherapist and fitness instructor as the qualitative analysis
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highlighted that communication between facilitators could be
improved
x To incorporate follow up assessment three/six/twelve months
post programme to assess for longer term adherence and
programme effects
x To incorporate a cost-effectiveness outcome measure
/assessment in order to justify funding resources for the Activ8
programme
x To incorporate a control group who did not receive the
intervention would be imperative in the next stage in order to
identify the potential effectiveness of the Activ8 programme.

5.7.7

Triangulation of quantitative and qualitative data

In order to determine whether the Activ8 intervention was feasible,
both qualitative and quantitative results were compared, contrasted
and combined. (306) By using this approach the integrity of the data is
maintained while also maximising the potential for improved
understanding from combining the two data sets of findings. (373)
Specifically the following data were compared, contrasted and
combined (Table 5.18):
 Group descriptive results (quantitative)
 Outcome measures (quantitative)
 Process results: recruitment & retention (quantitative)
 Results from focus groups and interviews (qualitative)
The findings from each of the above components were listed and
considered where the findings agreed (convergence), offered
complementary information on the same issue (complementarity), or
appeared to contradict each other (dissonance).(306)
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Table 5.18: Triangulation of Data
Research
Question

Quantitative
Data

Qualitative Data

Convergence

Is the Activ8
intervention
feasible?

There was
sufficient eligible
patients recruited
(n=10) in each
site in three week
period

‘And we had the
commitment for
the six weeks, so
that was a reason
I am going to get
this.’ Participant 2

Agreement

63.1% of
participants who
commenced Activ8
attended >5
sessions

‘I found it was
possible to make
the effort to be
here once a
week..’ Participant
8
Participants who
completed the
focus groups
agreed that the
Activ8 intervention
was feasible
(n=12)

There was a
15.8% drop out
rate prior to
programme
commencing
(n=3)
There was a
subsequent 25%
drop out /loss to
follow up on
programme
completion (n=4)
Administration of
outcome
measures was
feasible with <5%
of missing data
from subjective
and objective
outcome
measures
Poor compliance
with daily
recruitment forms
–difficult to
identify numbers
seen in primary
care who are
potentially
suitable to
participate

Potential
dissonance

Some difficulty
reported by
participants upon
completion of the
Stanford SelfEfficacy
questionnaire

Dissonance (for
one of the
outcome
measures only)

Primary Care
physiotherapists
agreed that the
Activ8 intervention
was suitable to
their caseloads:
‘very practical to
the cohort of
people that I see
every day’
Facilitator 2

Dissonance
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The qualitative findings suggested high levels of acceptability to both
participants and facilitators. The majority of quantitative results found
that the Activ8 intervention was practical and feasible. However,
dissonance existed in the data in certain areas. There was a total of
40.8% drop out rate from the programme which is greater than the
expected <20%.This figure is made up of those patients who initially
agreed to participate and did not commence the programme (n=3;
15.8%) and those who commenced the programme and were lost to
follow up (n=4; 25.0%) as displayed in Figure 5.2. The adherence to
the Daily Recruitment Form (See Appendix 17a) was poor with only one
participating physiotherapist out of twelve physiotherapists in Site A
returning a completed form. There was better return from Site B
however the amount of information received made it difficult to
estimate the number of potentially suitable patients for the
intervention. However the qualitative data/ interviews with the lead
physiotherapists demonstrated that the participants represent the
patients typically seen in the primary care setting. There was some
dissonance in terms of administration of the outcome measures. On
review of the outcome measures completed there was <5% of missing
data however during the actual administration of the questionnaire
outcome measures both Sites reported some difficulty understanding
and /or completing the Stanford Self-Efficacy questionnaire. It also took
longer than expected to complete the Stanford Self-Efficacy
questionnaire in both sites. Nevertheless, taking into account the
dissonance as described the two types of data did corroborate each
other and the intervention was deemed feasible.
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5.8

Discussion

5.8.1

Summary of principal findings

Intervention design and development
The design and the development of the Activ8 Programme was guided
by the MRC framework as outlined in Section 5.1.5. As per the MRC
framework Phase 1 (Development), the evidence for interventions for
multimorbidity and appropriate theory were identified. A modelling
process took place throughout while the Activ8 programme was being
developed. Phase 2 (Feasibility/Piloting) incorporated programme
testing in two different Sites and participant recruitment and retention
were examined. During the development stage existing evidence and
expert knowledge was used to define the main components of the
intervention, which was an adaptation of a previous physiotherapy led,
community based intervention for patients with low back pain. The
adaptation led to important changes including changing the themes of
the education talks from an emphasis on pain management to an
emphasis on chronic disease management along with developing and
amending referral forms. Suggested amendments for future studies are
also considered.
Activ8 Pilot Study Results
While the study was not powered to identify statistical significance or
effectiveness of the outcome measures used, it was important to note
and discuss the trends shown in the included outcome measures to
consider potential effectiveness of the intervention. Overall, there were
improvements seen in both subjective and objective outcome measures
post both programmes. Between site differences were negligible in
terms of the quantitative and qualitative results however to note the
average age of participant was younger in Site A (57.7 years) than Site
B (66 years).
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EQ-5D-3L
Findings indicated varied levels of problems reported by the
participants. Dimensions where participants experienced the most
severe problems were Pain/Discomfort and Anxiety/depression. There
was a large prevalence of chronic low back pain /arthritic conditions in
the participants (84.2%) this could be one reason for the high levels of
pain and discomfort reported. These finding are reflective of the
problems and difficulties experienced by individuals with multimorbidity
as reported in the literature.(374) In terms of the EQ-VAS scores the
mean results of those who commenced and completed the Activ8
Programme (n=12) showed signs of improvement post programme with
58.3% of participants showing increased scores in their opinion of the
overall health-state. The mean change in EQ-VAS Score was 6.5 which
is less than the 7.0 -12.0 recommended for Cancer and pulmonary
rehabilitation patients.
Stanford Chronic Disease Self-Efficacy Scale (SSE)
The findings indicate an improvement in mean SSE scores post Activ8
programme completion (n=12). However, the change in this mean
score was small (2.99) and upon review of the literature a mean
change of 5.17 has been reported to be significant in a sample of 605
participants with chronic conditions.(341) To note n=6 showed
increased scores post programme and n=5 showed decreased scores
post programme with one participant remaining the same. These mixed
results could imply that the intervention was not effective at making
meaningful improvements in self-efficacy. These results were in stark
contrast to the data ascertained about self-efficacy and confidence in
the focus groups conducted with the participants.
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Grip strength
The study demonstrated minor increases in grip strength in those
participants who completed the programme with a mean increase of
0.5kg. This mean is distant from the MCID reported in healthy and
disabled adults (a change of > 6 kg (13.2 lb).(346)
Six minute walk test
The six minute walk test was the second physical function outcome
measure. The results in our study showed a mean change of 34.9
metres (10.6%) post programme. This would indicate a possible
meaningful change in gait speed with 20 metres being suggested as a
significant change in community dwelling older adult patients.(353)
World Health Organisation Recommendations for Physical Activity
The results of our subjective assessment of physical activity
demonstrated minor improvements with one participant improving from
not adhering to adhering to the recommended guidelines of >150
minutes of moderate physical activity per week. This outcome measure
implies that the intervention had little impact on the physical activity
levels in participants.
It cannot be categorically said that the intervention had a positive
impact on physical function or that the results were statistically
significant however the results are very encouraging post completion of
the Activ8 programme.
Qualitative evaluation
Three key themes emerged from the qualitative component including:
perceived impact of the Activ8 programme; the composition of the
programme and the evolving nature of primary care practice. The
themes illustrated an over-arching concept of patient-centeredness.
Overall, the results from the qualitative analysis implied that the
240

intervention was feasible and acceptable to both the participants and
facilitators.
Triangulation of data
Upon triangulation of the qualitative and quantitative data both areas of
agreement and dissonance emerged. There was some discord in the
areas of recruitment and retention and administration of an outcome
measure. However, overall both types of data did validate /substantiate
each other and the intervention was deemed as feasible. Through
integrating the quantitative and qualitative findings it resulted in
achieving greater detail and insights than would be possible with one
method alone.(375)
Continuation criteria
The results of the triangulation were further compounded through the
review of continuation criteria, which were pre-specified in advance of
the study (Section 5.3.4). Some issues were identified in the areas of
trial recruitment, protocol non-adherence and completeness of data as
discussed in Section 5.7.5 and these were subsequently addressed in
the adjustments suggested for further studies (Section 5.7.6). In
summary, the results suggest that taking the Activ8 programme
forward to the next phase of a randomised controlled pilot study would
be advisable.
5.8.2

Results in the context of the current literature

Multimorbidity remains a developing area of research particularly in the
area of potential interventions. There is little research to date
investigating exercise and education interventions for patients with
multimorbidity. As discussed in Chapter 2 (Section 2.12), the 2016
update of the Cochrane review of interventions for improving outcomes
in patients with multimorbidity in primary care and community settings
included six studies which were predominantly patient orientated with
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educational or self-management type interventions delivered directly to
participants. (158) Two of these studies reported positive results with a
focus on functional capacity and activity participation. (17, 159) Both
of these studies had a self-management aspect to their interventions
with a focus on self-efficacy, improved physical function and health
related quality of life. One of these studies (OPTIMAL), was a pilot RCT
that was similar to Activ8 in that it also tested feasibility and included
participants with multimorbidity recruited from primary care settings. It
also had a group based professionally led (occupational-therapy) sixweek self-management support format. The EQ-5D-3L questionnaire
was the outcome measure used in common with the current study. The
authors found no significant differences between the control and
intervention groups in the EQ-5D-3L results.(17) The authors did report
significant improvements in their frequency of activity participation,
self-efficacy and quality of life (EQ-5D-VAS) outcome measures.(17)
OPTIMAL was a pilot RCT with an immediate post intervention follow up
so its results need to be interpreted with caution. A definitive
randomised controlled trial of OPTIMAL is currently ongoing and will
complete in 2018.
As discussed in Chapter 2 (Section 2.12.2), Gitlin (2009) developed a
multicomponent intervention to reduce functional difficulties and
enhance self-efficacy in older adults with chronic conditions. (159) The
programme again was based on self-management techniques and
education. This programme differed from Activ8 in that the participants
were all aged 70 years or older. In addition, the intervention ran over a
six month period and the participants received five occupational
therapy sessions and one visit from a physical therapist in their own
home. (159) There was no overlap between outcome measures used in
Activ8 and this study therefore, it is difficult to make direct
comparisons. However, the authors did report that their occupational
therapy led home intervention was effective in reducing perceived
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functional difficulties and enhancing self-efficacy and fall-related
concerns in their participants.(159) No specific randomised controlled
trial has been identified which evaluates a combination of supported
exercise and self-management techniques for multimorbid patients.
The findings from our study fit well with qualitative research exploring
patient-experienced burden of treatment of patients with
multimorbidity, described in Chapter 2 (Section 2.7 and 2.11). Patients
with multimorbidity experience a range of symptoms, but in addition to
this burden of illness, they are also affected by the burden of
treatment. (118) It has been suggested that this unnecessary burden
of treatment can result in lack of adherence to prescribed medical
treatment.(119) This potential non-adherence in turn can increase the
risk of hospitalisation and mortality.(376) A systematic review
published in 2017 identified that change of lifestyle is one of the first
suggestions by healthcare providers. (118) Being advised to exercise
and alter their diet was a challenge to many patients in the review.
(118) One study included in the review ranked exercise and altering
diet as the most burdensome component of having more than one
condition along with frequent reminders of their health problems. (336)
This study has addressed these issues by providing a supported
exercise programme led by a Physiotherapist. The self-management
component of the programme also covers relevant topics with exercise,
nutrition and goal-setting being covered in the education talks. In
addition to this signposting to local supports which was given
throughout the programme. This design is supported by a Cochrane
review on the effectiveness of activity promotion in primary care which
reported that multimodal interventions with tailored information which
link to existing exercise programs to be more effective than short
educational interventions as part of the physician
consultation.(377) Treatment burden was not specifically measured in
the Activ8 feasibility study however the qualitative evaluation
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demonstrated the participants were aware that exercise was important
in the management of their conditions, however doing exercise was
acknowledged as not always being easy by one participant but that the
Activ8 programme assisted with this:
‘and there’s certain exercises you can do for for the range of
mo/movement to make it, improve it a bit…my confidence was very
very low around any kind of exercise, so for me personally that’s why
this type of programme here has been the best thing’ (Participant 7)

5.8.3

Strengths and Limitations of the Study

This study piloted the feasibility of a pragmatic intervention for patients
with multimorbidity in the community. It is important to acknowledge
the dimensions of complexity in the intervention: the variability in
participants and organisations targeted, the number of outcomes
included, the behaviours required by those delivering or receiving the
intervention all are difficult to standardise. A successful service based
programme for low back pain was adapted with suitable theory
informing the adaptation. In the development stage, literature was
reviewed and combined with information obtained from experts in the
field to define the main components of the intervention. Important
changes were made as part of this process such as streamlining the
referral pathway along with the amendments to Patient Information
Leaflets. The intervention was based in state supported leisure centres
which are a non-traditional healthcare setting and the results suggest
that their accessibility could encourage adherence to exercise in the
long term. To the PhD candidate’s knowledge this is the first study
which has investigated the feasibility of an exercise and education
programme for patients with multimorbidity in the community.
As discussed in Section 5.2 the design and development of the Activ8
intervention utilising the MRC framework was a considerable strength of
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the study. The MRC framework has been cited as authoritative guidance
on trial methods.(378) Another key strength was the mixed methods
approach. This method maintained the integrity of both the qualitative
and quantitative data while also taking advantage of the potential for
enhanced understanding from combining the two data and sets of
findings. (373) The qualitative data provided an understanding of the
acceptability of the programme from the perspective of the participants
and facilitators whereas the quantitative dataset provided demographic
and participation data about the participants. Both combined resulted in
a richer understanding.
Two lead physiotherapists were successfully recruited from two
different CHOs. While there was poor engagement with the Daily
Recruitment Forms however, the aim of recruitment 8-10 participants
in was achieved in each intervention site. The moderately successful
recruitment and retention rates for the Activ8 programme likely reflect
the time and resources put into the development and design of our pilot
study that was perceived as acceptable to multimorbidity patients,
primary care physiotherapists and Dublin Council fitness instructors. An
additional strength was that this study was deemed feasible in two
different sites with contrasting socioeconomic levels.
Given the uncontrolled design of the study it cannot be inferred that
Activ8 programme caused the changes observed. Furthermore, as the
results utilised data from two different intervention sites with different
physiotherapists and fitness instructors facilitating the programme,
therefore facilitator variation presented a possible issue of confounding.
The PhD candidate was present for the majority of intervention sessions
to ensure validity as much as possible. The PhD candidate also
conducted the assessments along with the qualitative data collection.
The mixed methods nature of the study may have influenced qualitative
findings in that participants were aware that the focus group leader
(PhD candidate) was a Physiotherapist who was completing the
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research study, she had conducted assessments and communicated
with the participants during the study. Qualitative analysis may also
have been unintentionally influenced by the PhD candidate’s experience
collecting quantitative data. However, this potential influence would
have been difficult to control for given the scope of resources available
to the PhD candidate.
Another main limitation of our study was the lack of a longer follow up
period that would have allowed a consideration of the sustainability of
the intervention effects, a key consideration for exercise related
behaviours. Immediate post-intervention follow up related to timing
restrictions of the PhD candidate’s scholarship, but is not uncommon in
feasibility studies. The PhD candidate received feedback from the lead
Physiotherapist in Site B that four of the six participants were still
attending the gym six weeks after the programme had finished.
However, it cannot be concluded whether potential benefits from the
Activ8 programme can be maintained long-term without further study.
A recent systematic review reported that the type of chronic disease
can influence adherence to the self-management support programmes
with those with diabetes demonstrating a higher adherence rate than
those with obesity or cardiovascular diseases. (379) The average
follow-up period in the included studies was six months.
There has been some debate in the literature about the limitations of
self-efficacy as a theory, the theory upon which the Activ8 intervention
is based. It has been hypothesised that high self-efficacy beliefs do not
always guarantee positive outcomes. (380)This is compounded by
reports that the interaction of self-efficacy with levels of skill and
motivation has been demonstrated however a model of how these
processed occur requires further evidence.(381) Nevertheless
Bandura’s theory fits well with the aims and objectives of the study and
implications for further research are discussed further in Section 5.8.6.
A limited number of validated outcome measures were used and this is
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another limitation of the study. In addition, two participants had
difficulty completing the questionnaires, on reflection the exclusion
criteria could be amended to state clearly that all patients referred to
the programme would need to be able to read and write English.
However, assistance with completion of questionnaires is reported in
many studies in order to maximize completeness of outcome measures.
Also, by limiting inclusion criteria to those with adequate health literacy
levels may limit the generalisability of the study and may result in a
bias in that patients with literacy issues would not be referred to the
programme. Therefore extra resources (time and or people) would
potentially need to be included in subsequent studies. Another final
limitation of the study was the relatively small number of patients with
multimorbidity studied. However, the study adhered to guidelines
outlined by Eldridge (295) which recommend that the size of a pilot
depends on its aims and should not be powered to detect the
effectiveness of the primary outcome. The aim was to assess the
acceptability and feasibility of the intervention with all stakeholders
involved and while the sample size was small it was sufficient for the
aims.
5.8.4

Clinical implications

The majority of participants had complex multimorbidity (14/16).
Complex multimorbidity, defined as three or more chronic conditions
affecting three or more body systems can be especially challenging with
higher healthcare utilization and polypharmacy.(69) Interventions to
target patients with complex multimorbidity are necessary, secondary
to their negative health outcomes and along with their prevalence in
clinical practice. This is further supported by results of Study 1 which
highlighted greater functional decline in those with higher numbers of
chronic conditions along with greater severity.
As highlighted previously (Section 5.6.6) and typical of feasibility
studies this study was not powered to detect the effectiveness of the
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intervention.(382) Therefore specific recommendations about
implementing the Activ8 programme into clinical practice cannot be
made without further research. However this study has resulted in
some recommendations for clinical practice. As highlighted by the
qualitative evaluation, this intervention resulted in a change of service
delivery of physiotherapy in primary care. Typically physiotherapy in
primary care takes place in the primary care /health centre whereas the
participants in this study received their physiotherapy in a local leisure
centre. This was a new place of work for the primary care
physiotherapist and also working alongside the fitness instructor was a
new manner of delivering physiotherapy. Furthermore the Activ8
intervention presented a new type of patient to primary care
physiotherapists in that typically patients are referred with a specific
single condition not with multimorbidity despite the fact many of
patients are actually multimorbid. This presents the opportunity for
primary care physiotherapists to address the patient as a whole and
potentially target the issues of most concern to patients.
The Activ8 intervention was pragmatic in nature in that it was carried
out alongside current physiotherapy practice in primary care. This study
demonstrated its feasibility in two different primary care areas in
Dublin. As discussed previously the effectiveness of the intervention
needs further investigation however there is good potential that the
Activ8 model could be rolled out to different primary care sites in
Dublin City and County. Engagement and communication with
physiotherapy managers in primary care and Dublin council managers
would be crucial and the managers who partook in the Activ8
programme could potentially act as advocates for the programme.
Clinical implications will be discussed further in Chapter 6 (Section 6.5).
5.8.5

Policy implications

This study is in line with Irish national policy on physical activity.
Healthy Ireland (2013 -2025) encourages co-operation and
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collaboration between government agencies in order to implement
evidenced based strategies at community and local levels.(28) The
National Physical Activity Plan for Ireland (2016) promotes and
supports new participation programmes with a special focus on
disadvantaged communities. In addition, as discussed at the start of
this chapter recently published NICE Guidelines on Multimorbidity have
recommended non-pharmacological treatments as possible treatment
options for patients with multimorbidity.(70) This study is in keeping
with their recommendations and builds towards developing the
evidence base for non-pharmacological interventions. This will be
discussed further in Chapter 6 (Section 6.5.2)
5.8.6

Areas for further research

As recommended in the literature when devising interventions for
patients with multimorbidity there is a need to balance tailoring
interventions to the needs of service users with delivering standardised
interventions that are easier to coordinate, monitor, and
evaluate.(296). This balance could be achieved by the Activ8
programme with ensuring that the modifications and suggestions as
discussed in Section 5.7.6 were incorporated into further research. As
per the continuation criteria results (Section 5.7.5) it is implied and
justified that the Activ8 programme should move to the next phase of
being examined using a randomised controlled pilot study.
It has been hypothesised that if self-efficacy is low prior to an
intervention participants are less likely to complete the
intervention.(383) In addition, other evidence has suggested that when
learners have high self-efficacy and are over confident they may set
themselves up for failure and again not complete interventions. (384)
However, as discussed in Section 5.2.1, a participant’s belief in his or
her ability to manage conditions can act as a prognosticator of health
outcomes and a change in self-efficacy can determine whether a person
will maintain or improve their health status over time.(290, 299) Also
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discussed in Section 5.2.1 are the four practices which Bandura
proposed that enhances the perception of self-efficacy for any particular
behaviour (298) and the Activ8 programme included all four (See Table
5.19).
Table 5.19: Four practices to enhance self-efficacy
Bandura practices

Activ8 Programme

Enactive mastery experience

Carrying out exercise for 45
minutes each week for 6 weeks in a
community leisure centre

Vicarious experience

Group format, where participants
exercise together in a community
leisure centre over 6 weeks

Verbal persuasion

Programme led by primary care
physiotherapist and Dublin Council
fitness instructor providing
opportunity for positive feedback
over six weeks

Physiological or affective states

Programme led by primary care
physiotherapist and Dublin Council
fitness instructor providing
opportunity to address concerns and
provide reassurance

Evidence has demonstrated that people with a high level’s of selfefficacy learn and achieve more than those with lower self-efficacy and
their commitment is firmer.(385) In addition Lorig (289) reported
higher levels of self-efficacy are associated with lower outpatient
service utilization. However, the findings need to be interpreted in the
context of the limitations posed by the cross-sectional design of the
study.
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It has been reported that people with a high levels of self-efficacy view
problems as challenges to be overcome and they recover quickly from
setbacks.(298) Chronic diseases can be a relapsing/remitting in nature
therefore the skill to recover swiftly from flare-ups is very beneficial.
Self-efficacy theory, as developed by Bandura, has not only stated that
high levels of self-efficacy are a requirement realising self-management
goals but targeting self-efficacy has also been demonstrated to be an
effective means of increasing physical activity in both adults (386, 387)
and older people.(388) Furthermore, as discussed earlier in this chapter
(Section 5.2.1) evidence has demonstrated that self-efficacy is a
mediator of the effects of interventions on objectively assessed physical
activity behaviour.(300-302) Therefore taking the above evidence into
account it is justifiable and valid that the Bandura theory underpins the
Activ8 intervention going forward.

5.8.7

Conclusion

With the global escalation of chronic diseases and evidence consistently
showing that its onset can be prevented or delayed by changing
lifestyle behaviours, the Activ8 programme has been developed as a
practical and acceptable intervention, designed for the real world. In
light of the limited number of exercise and education studies for
patients with multimorbidity in the community, this study has
contributed to the existing weak evidence base in this area. This nonrandomised pilot study has demonstrated that an interagency exercise
and education programme in the community is feasible and acceptable
to patients, primary care physiotherapists and Dublin Council fitness
instructors. A larger randomised controlled trial, with the modifications
as suggested would add further understanding to our knowledge in the
most effective approach to improving self-efficacy and confidence
around exercise in this population.
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Chapter 6: Discussion
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6.1 Overview
This discussion chapter will review the aims of the research, summarise
the findings in the context of previous research and how they make an
important contribution to the evidence base. Clinical implications and
recommendations for future research in the area of physical activity,
physical function and multimorbidity will also be considered. The impact
of the results will be discussed in four domains: research related;
policy; service and societal.
The aims of this thesis were to examine the association between
multimorbidity and functional decline; to identify the impact of physical
activity and physical function on the development of multiple chronic
conditions and lastly using the results from the first two studies to
inform the development and feasibility of an exercise and education
programme to improve physical activity and function for adults with
multimorbidity
There were four main objectives:

1. To conduct a systematic review to identify the association
between multimorbidity and functional decline
2. To determine if there is a longitudinal association between levels
of physical activity and physical function on the development of
multimorbidity
3. To determine if there is a longitudinal association between levels
of physical activity and physical function on patients with existing
multimorbidity
4. To determine the feasibility of an exploratory physical activity and
lifestyle education intervention for patients with multimorbidity in
the community
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6.2 Summary of thesis findings
In order to meet the overall objectives of the thesis, three discrete
studies were completed.
1. A systematic review
2. A prospective cohort study
3. The design and implementation of a complex intervention for
patients with multimorbidity in primary care

6.2.1
Study 1: Multimorbidity and functional decline in
community-dwelling adults –a systematic review
In Chapter 3, a systematic review was conducted to examine if there is
an association between multimorbidity and functional decline. As
discussed in Chapter 3 (Section 3.1.1) functional decline is associated
with many negative health outcomes such as increased risk of
depression, reduced life satisfaction and higher mortality rates. This
was the first systematic review to specifically focus on multimorbidity
and physical decline and function. Thirty-seven studies were included in
the analysis: twenty-eight cross-sectional and nine cohort studies. The
majority of studies (n= 31) reported a consistent association between
multimorbidity and functional decline. Twelve out of the twenty-eight
cross-sectional studies and five out of the nine cohort studies
demonstrated that increasing numbers of chronic condition counts were
associated with worsening functional decline. One cohort study
examined disease severity and reported that this predicted greater
functional decline over time. Overall included studies were of good
methodological quality however there was variability in terms of
participants, definition of multimorbidity and outcome measures of
functional decline used. The cohort studies follow up periods ranged
from one to six years thus meta-analysis was not feasible.
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An updated literature search (November 2014 -September 2017)
identified thirteen new relevant studies: twelve cross-sectional studies
and one cohort study. Upon review of the new studies it was concluded
that the results reported were similar to the previous findings and
would not change the results of the published review [See Appendix 2].
This systematic review builds on the existing body of research
associating multimorbidity with negative health outcomes and changes
in physical function that was outlined in Chapter 2 and highlighted a
lack of consensus in the literature (Section 2.7 and 2.8). This
highlighted that further research was warranted to identify whether the
presence of multimorbidity is associated with physical function and
future functional decline. This systematic review filled this gap in the
evidence base and the findings are a valuable addition to the literature
in this area.
A focus on physical function for patients with multimorbidity is
supported by the results of this study and by previous qualitative
research which reports that multimorbid patients place greater
importance on conditions which have physical impacts on their
functional health.(149) The results of this study also align with
suggestions from The Cochrane review of interventions for
multimorbidity, as discussed in Chapter 2 (Section 2.12), that
interventions which focus on patients’ difficulties, such as functional
decline are possibly more effective than those focused on changing the
organisation of care, although it is acknowledged further evidence is
needed in this area.(158). A dose response effect was apparent from
the systematic review which, identified that patients with higher
numbers of conditions and greater disease severity experience greater
functional decline and future research should prioritise physical function
in this patient group.
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6.2.2

Study 2: Prospective cohort study

Study 1 identified that there is a longitudinal association between
baseline multimorbidity and future functional decline however whether
the reverse direction of effect, in that poor physical functioning and low
physical activity levels could lead to the development of multimorbidity
remained unanswered in the literature. Risk factors for multimorbidity
were discussed in Chapter 2 (Section 2.6) and highlighted the dearth of
evidence regarding physical activity and physical function as risk
factors. Study 2 examined multimorbidity and levels of physical activity
and physical function at a population level using data from a national
longitudinal cohort study: The Irish Longitudinal Study of Ageing
(TILDA). A total of 4,823 participants were analysed >50 years with
and without multimorbidity. Development of multimorbidity was
measured as the accrual of additional conditions over a two year
period. Physical activity and physical function were measured using the
International Physical Activity Questionnaire (IPAQ), gait speed (m/sec)
and grip strength (kg). Sixteen groups of chronic conditions were
included in analyses. 638/2092 (30.4%) participants without
multimorbidity and 1005/2415 (41.6%) with existing multimorbidity
developed new condition/s. Gait speed, grip strength and age were
significantly associated with development of multimorbidity and accrual
of additional conditions.
Study 2 was the first, to the PhD candidate’s knowledge, to examine
the impact of both physical activity and physical function on the
development of chronic conditions over time using validated outcome
measures. This strengthens the evidence base, because, as discussed
in Chapter 2 (Section 2.8 and Section 2.9) the majority of previous
studies in these areas were cross-sectional in design. The self-report
measure for physical activity levels (IPAQ) did not show any significant
results. As discussed in Chapter 4 (Section 4.4.2), there are limitations
to self-report physical activity measures and several researchers have
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voiced concern about the IPAQ despite its reported validity and
reliability (273, 274). The IPAQ is recommended for population level
research, however is not intended to replace instruments which can be
more responsive to changes in individual activity level such as gait
speed.
While the study highlighted the clinical relevance of reduced gait speed,
a specific cut-point at which the risk of multimorbidity increased was
not identified. Further research in this area is needed and future
research would be improved by the incorporation of objective outcome
measures for physical activity such as the use of accelerometry data.
TILDA has recognised this and have incorporated accelerometry to their
health assessments which commenced in Wave 3. The results support
the NICE Guidance on multimorbidity, as discussed in Chapter 2
(Section 2.12), that suggests that patients with multimorbidity and
reduced gait speed should be identified and targeted for interventions
to improve health outcomes.
6.2.3
Study 3: Activ8 -an interagency physical activity and
lifestyle education programme for multimorbidity
As highlighted in Chapter 2 (Section 2.12), there are a number of
studies involving self-management type interventions for
multimorbidity and there are a very limited number of physical function
and activity interventions for multimorbidity in the literature. In
addition, current resources including time, people and equipment for
health care professionals to develop physical activity interventions in
primary care are considerably lacking. The development of the Activ8
Programme was guided by the MRC Framework providing a systematic
approach to developing a multifaceted intervention.(378) The results
from both Studies 1 and 2 informed the design of the Activ8
intervention together with the evidence as reviewed in Chapter 2.
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The intervention combined exercise and lifestyle education with the aim
to improve self-efficacy around exercise along with potential for
improvements in physical activity and physical function in patients with
multimorbidity. The study was based in two leisure centres in Dublin
City and County, participants were recruited by HSE primary care
physiotherapists and six sessions were facilitated by a city or county
council fitness instructor. Gym based exercises were targeted towards
patient’s needs and preferences. Education sessions covered eight key
chronic disease self-management topics: pain, sleep, pacing and
prioritising, stress and emotional well-being, nutrition, physical activity,
goal setting and sign posting to additional supports.
The study found that it was feasible to deliver an inter-agency physical
activity based intervention to patients with multimorbidity in primary
care settings. The quantitative results suggested the intervention may
be effective and the qualitative findings indicate that the Activ8
programme was acceptable to both patients and facilitators providing
strong support for progression to a larger randomised controlled trial.
The results from the Activ8 programme are encouraging and highlight
the potential impact of an exercise and education programme which
has the potential to be cost-effective, sustainable and accessible for
patients with multimorbidity in the community. A number of issues
were identified during the course of the study and recommendations for
future research of the Activ8 programme were identified as discussed in
Chapter 5 (Section 5.7.6).

6.3 Synthesis of study results
In terms of the MRC Framework this thesis has presented the
development, the design and the feasibility testing of the Activ8
intervention (See Figure 6.1). Phase 1 consisted of a literature review
which focused on the evidence for multimorbidity, physical activity,
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physical function and interventions for multimorbidity. This literature
review identified unanswered questions in the evidence base which
were answered by completing a systematic review, (Study 1; Chapter
3) and a prospective cohort study (Study 2; Chapter 4). Study 1
concluded that it is important to consider physical function in patients
with multimorbidity to prevent the potential for future functional
decline. Study 2 demonstrated that reduced physical function (as
measured by gait speed and grip strength) is a potential risk factor for
the development of multimorbidity over time. The PhD candidate
progressed onto Phase 2 of the MRC Framework by developing an
intervention according to the current best evidence together with
expert knowledge and adapted a physiotherapy led, community based
intervention for patients with low back pain. Study 3 (Chapter 5)
examined the feasibility of a non-randomised exercise and education
pilot intervention for patients with multimorbidity in the community.
Recruitment and retention were analysed along with qualitative and
quantitative results and the intervention was deemed feasible. The
results of these three studies together highlight that it is essential to
consider physical function and physical activity in patients with
multimorbidity. In addition, reduced physical function was identified as
a risk factor for the development of multiple chronic conditions over
time.
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Figure 6.1 Activ8 Programme progress as per the MRC framework

6.3.1
Synthesised study results in the context of current
evidence
The main current evidence underpinning multimorbidity management
was discussed in Chapter 2 (Section 2.12). Both the Cochrane review
on interventions for multimorbidity (158) and the NICE Guidance for
Multimorbidity (70) do not make any specific recommendations either
for or against any one model of intervention. However, the Cochrane
review did suggest that interventions which target specific risk factors
or interventions which focus on difficulties that people experience with
daily functioning (for example, physiotherapy treatment to improve
capacity for physical activity) hold the most potential.(158) This thesis
has followed these suggestions, identified that physical function is a
risk factor for multimorbidity and designed an intervention to improve
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self-efficacy around exercise along with potential for improvements in
physical activity and physical function in patients with multimorbidity.
The Activ8 programme is further supported by the NICE Guidance
which recommends the need for well-designed intervention trials in
people with multimorbidity in the community.
Compared to the two related studies in the Cochrane review (17, 159),
Activ8 had similarities in that it had a self-management component to
the intervention with a focus on self-efficacy and improved physical
function. However, Activ8’s main difference was that it had a physical
activity aspect through incorporating structured exercise into the
intervention. The evidence on physical activity based interventions for
multimorbidity was presented in Chapter 2 (Section 2.12.2). Activ8
differs from the studies reviewed as it has a specific multimorbidity
focus, includes adults > 18years and is based in a community leisure
centre. The evidence for self-management interventions for
multimorbidity as discussed in Chapter 2 (Section 2.12.1)
demonstrated mixed results however the evidence is still developing.
The Activ8 programme’s self-management component was composed of
eight key themes and was developed from the existing low back pain
programme along with the widely implemented Chronic Disease SelfManagement Support Programme.(289, 330) A recent report from the
HSE advised that further research in the area of self-management
programmes for multimorbidity should be supported.(389)

6.4 Strengths and limitations of the thesis
The strengths and limitations of each study were discussed in each
respective Chapter. In summary, robust and transparent methods were
adhered to in order to ensure the standardised conduct of each study. A
recently published paper acknowledges that the evidence for effective
models of care for multimorbidity is limited and proposes that the lack
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of consensus on how models of care are described is a major
problem.(390) This thesis used three sets of appropriate reporting
guidelines, PRISMA; STROBE and CONSORT in the conduction of this
research.(184, 246, 310)[See Appendices 6; 12 & 15] Furthermore, the
PhD candidate’s primary supervisor is an expert in the field of
multimorbidity and the PhD candidate acted upon her feedback and
guidance accordingly throughout the duration of the research. Lastly,
two of the three studies have been peer reviewed and deemed
publishable in high impact journals which demonstrates their quality
and relevance. The final study is currently being prepared for
submission.
The main strengths of Study 1 were the rigorous methods employed to
select, appraise and synthesise the research along with at least two
independent reviewers being involved study identification, data
extraction and quality appraisal. In terms of limitations, the systematic
review highlighted the need for future studies to include validated
physical function outcome measures, as twenty-four studies were
omitted from the review as they did not incorporate a validated
outcome measure. Furthermore, it could be argued that technically the
included cohort studies were not designed as prediction studies
therefore to state that the presence of multimorbidity can predict
functional decline over time may be inappropriate. It may be more
accurate to state that there is a longitudinal association between
multimorbidity and functional decline.
TILDA as used in Study 2 a nationally representative population based
cohort study using validated measures and health assessments carried
out by trained research nurses using standardised protocols. Thirty
different conditions were included in the analysis encompassing a broad
range of conditions including mental health conditions which are
commonly omitted in other studies. Study 2 presented limitations
relating to participant characteristics. The outcome measures used to
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measure physical activity and function dictated that TILDA participants
who did not attend the health centre assessment were excluded and
thus presents a potential source of bias. Additionally, individuals with
severe cognitive impairment were excluded secondary to lack of
consent. The use of State financial support as a proxy for
socioeconomic status was another limitation. While state financial
support is an accurate proxy for socioeconomic status in Irish people
under the age of 70, over this age different income thresholds apply
and there is nearly universal coverage for this age group. However the
majority of our cohort (80.3%) was < 70 years.
The Activ8 intervention, as developed and analysed in Study 3 was
pragmatic and carried out in two primary care settings with participants
representative of a primary care population. This study was one of the
first to determine if a physical activity and lifestyle education
programme specifically for patients with multimorbidity was feasible in
primary care. The small sample size in the intervention (n=19) was an
accepted limitation. However, the study adhered to guidelines as
outlined by Eldridge (295), is similar to other feasibility studies and
allowed for the aim of testing the feasibility of the intervention and
examining its acceptability along with potential effectiveness. Another
limitation is the generalisability of the intervention, although multiple
studies have indicated that physical activity is imperative in chronic
disease management, it must be recognised that exercise programmes
are not suitable for all patients with multimorbidity. As reported in the
literature treatment of multimorbidity patients’ needs to consider
patient’s circumstances, preferences along with available healthcare
budget.(391) Furthermore, multimorbid patients require input on their
treatment priorities and goals of their care.(392)
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6.5 Clinical and research implications
6.5.1

Clinical implications

This research has demonstrated the association between physical
activity, physical function and multimorbidity. From a clinical
perspective the following clinical implications are recommended:
x Depending on patient priorities, general practitioners should
consider referral of multimorbid patients to allied health
professionals who can intervene in primary care to potentially
reduce the risk of future physical functional decline
x General practitioners should be aware that functional decline is
more likely in those multimorbid patients with higher number of
conditions and greater disease severity; physical function should
be monitored and prioritised in these patients where possible
x General practitioners may also incorporate education about the
importance of maintaining physical function in their reviews with
multimorbid patients
x General practitioners, practice nurses and primary care
physiotherapists could consider incorporating gait speed and grip
strength assessments in both their multimorbid and nonmultimorbid patient management. Both measures can be used as
a measure of physical function or as an indicator of additional
chronic disease risk over time
o For patients who are identified as having reduced gait
speed it would be important for clinicians to discuss their
current levels of physical activity and highlighting the
recommended guidelines
x Primary care physiotherapists should consider group based
interventions, as their resources allow, for their multimorbid
patients as this research demonstrated that a group based
intervention was acceptable and feasible for participants.

264

x Primary care physiotherapists may also consider engagement
with their local councils in order to provide services jointly in
locations most accessible to patients
6.5.2

Research implications

The research implications of this research can be divided into the
following areas: measurement of multimorbidity; health outcomes in
multimorbidity and multimorbidity interventions.
6.5.2.1 Multimorbidity measurement
As highlighted in Chapter 2 (Section 2.4) there is debate in the
literature around the most effective method for measuring
multimorbidity. Multimorbidity was measured as two or more chronic
conditions in an individual and condition counts were used in the three
studies in this thesis. Complex multimorbidity was also included in the
analysis of Study 2 defined as three or more chronic conditions in an
individual. This research adds to the evidence base on multimorbidity
definition and measurement. In Study 3 the majority of participants
(n=14/19) presented with complex multimorbidity and it could be
considered in the next phase of Activ8 programme whether those with
higher levels of multimorbidity should be targeted as suggested by the
NICE Guidance.(70)
6.5.2.2

Health outcomes in multimorbidity

The negative outcomes associated with multimorbidity were discussed
in Chapter 2 (Section 2.7). This research has added to the body of
evidence in this area by demonstrating in Study 1 that there is an
association between multimorbidity and functional decline which can
have a serious impact on health outcomes. In terms of health outcomes
which may be impacted by the Activ8 programme the next phase
should include an additional outcome measure excluded from this
feasibility study as discussed in Chapter 5 (Section 5.7.6). The
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treatment burden questionnaire should be included in future
studies.(336) Also discussed in Chapter 5 and earlier (Section 6.2.2)
incorporation of objective outcome measures for physical activity such
as the use of accelerometry data would strengthen future research.
Furthermore incorporating an economic analysis to identify the
potential cost-effectiveness of the Activ8 programme would be
warranted.
6.5.2.3 Multimorbidity intervention research
A need for more intervention based research in the area of
multimorbidity has been recognised in the literature as discussed in
Chapter 2 (Section 2.12). The intervention as described in this thesis
identified that an exercise and education programme is feasible in two
community based leisure centres with different socio-economic levels.
The study was successful in the recruitment of adequate numbers of
multimorbid patients in a relatively short time frame in two different
sites. This information should be taken into account in future studies in
primary care. A larger randomised controlled pilot study with specific
modifications as detailed in Chapter 5 (Section 5.7.6) would add further
to understanding the most effective approach to improving self-efficacy
and confidence around exercise in multimorbid patients. The area of
physical activity and physical function interventions for multimorbidity
is in its infancy and the results of this thesis indicate that further
investigation is warranted.

6.6 Impact of findings
This thesis was conducted with a Population Health and Health Services
research focus. The nature of this type of research is problem
orientated and aims to feedback evidence for effective service delivery,
policy development and patient care. In keeping with a Population
Health and Health Services Research remit, this thesis applies the
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Research Impact Framework as part of its methodology and
dissemination approach.(393) The Research Impact Framework was
developed in 2006 as a tool to aid researchers identifying the
contribution and consequences of their research in society.(393) The
framework includes four areas of potential impact: research related
impact, policy impact, service impact and societal impact. Within each
of these areas, further descriptive categories are identified as outlined
in Table 6.1. The descriptive categories assisted with systematically
identifying a range of specific and verifiable impacts related to this
research.
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Table 6.1: The Research Impact Framework (adapted from
Kuruvilla)(393)

Research Impacts

Policy

Service

Impacts

Impacts

Societal Impacts

Type of

Level of

Type of

Knowledge, attitudes

problem/knowledge

policy-

services:

and behaviour

making

health/inter-

Research methods
Publications and
papers
Products, patents
and translatability
potential
Research networks
Leadership and
awards
Research
management
Communication

6.6.1

sectoral

Type of
policy
Nature of
policy
impact

Evidencebased practice
Quality of care
Information
systems

Policy
networks
Political

Services
management

capital

Cost-

Health literacy
Health status
Equity and human
rights
Macroeconomic/related
to the economy
Social capital and
empowerment
Culture and art

containment

Sustainable

and cost-

development outcomes

effectiveness

Research related impacts

The findings arising from this thesis have significant research related
impacts. The results provide new data which adds to the evidence base
in the areas of physical activity, physical function and multimorbidity. It
has addressed a number of research gaps such as analysing the
association between multimorbidity and functional decline in community
dwelling adults for the first time. This research has also explored the
impact of physical activity and physical function on the development of
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new chronic conditions over time. The results of these two studies were
incorporated and validated the physical focus emphasis in the
intervention. As discussed in Chapter 5 (Section 5.7.5) the continuation
criteria have indicated that the Activ8 programme is progressed
forward to a pilot randomised controlled trial. Specific amendments are
also outlined (Section 5.7.6) which are implications from the feasibility
study.
Furthermore, in this thesis each of the studies in their design addressed
issues around multimorbidity definition and multimorbidity
measurement thus contributing to issues specific to multimorbidity
research. This thesis is responsive to recommendations by both NICE
and Cochrane for multimorbidity interventions to focus on functional
ability and non-pharmacological treatment options.(70, 158) The
overall thesis has contributed to the field of intervention research
through the development and designing of a complex intervention.
To date this doctoral research has resulted in two high impact peer
reviewed publications from Study 1 [See Appendix 2] and Study 2 [See
Appendix 1]. Study 3 has been drafted and being prepared for
submission. In addition to the publications, the dissemination of the
research findings have been presented at national and international
health services research, primary care and Physiotherapy conferences
(See Publication & Presentation List). This dissemination will increase
the impact of the research.
6.6.2

Policy impacts

The Irish Department of Health launched the National Physical Activity
Plan in 2016. The Irish government has identified the need and
importance of increasing the physical activity levels of the entire
population.(29) A key feature of the plan is for health professionals to
receive further training on using physical activity to prevent and or
treat chronic conditions. In addition, another feature is to support new
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physical activity participation programmes with a special focus on
disadvantaged communities. As detailed in Chapter 5, one intervention
site has been classified as a very disadvantaged area.(317) The
findings from Study 3 provide important evidence for both of these
features of the National Physical Activity Plan.
It has been reported that the management of patients with multiple
chronic conditions is the most significant task confronting health care
services in developed countries.(103) As reviewed in Chapter 1
(Section 1.3) the concept of multimorbidity arose from the need for
generalism in clinical practice so to reduce the focus on single disease
care.(18) Policy makers have acknowledged the need for a healthcare
system to serve those who use it the most i.e. patients with
multimorbidity. In Ireland, in contrast with single chronic diseases the
evidence base for multiple chronic conditions is limited and specific
policy has yet to be implemented. However, the Health Service
Executive (HSE) has developed a Chronic Disease Management and
Integrated Care Programme. An objective of this programme is to
design an integrated model of care with re-orientation of service
delivery and associated resources so patients with chronic diseases
receive the care they need, when they need it and in the most
appropriate way for their circumstances. The PhD candidate has liaised
with one of the Managers on this team who has expressed an interest
in the thesis outputs, especially Study 3. In these discussions, the
Manager outlined that the HSE Programmes plan to examine how to
respond to multimorbidity under their remit in the coming months.
Therefore the findings of this thesis may have potential to influence
policy, whilst being mindful of the study limitations.
In November 2017 the HSE National Exercise Referral Framework
(NERF) group published a report which reviewed the clinical
effectiveness and cost effectiveness of exercise referral schemes and
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concluded that currently there is insufficient evidence to support
significant investment into exercise referral schemes.(394)
6.6.3

Service impacts

Despite the challenges for primary care clinicians treating patients with
multimorbidity the most suitable strategy for these patients has yet to
be identified. The analysis from Study 2 and Study 3 demonstrate the
largest potential for impact on clinical services. The findings suggest
the gait speed and grip strength assessment should be incorporated
into primary care examinations by general practitioners, practice nurses
or primary care physiotherapists in order to identify those at risk of
developing chronic conditions. To embed these assessments into
current health care practice would present certain challenges regarding
resources such as time and equipment however the evidence as
presented in this thesis demonstrates the potential long term value of
this integration.
Study 3 has resulted in establishing relationships between two primary
care centres and their respective local state supported leisure centre.
Participating physiotherapists communicated with the research team
that participants continue to use their respective leisure centre post
completion of the Activ8 programme. In addition, Site A has
incorporated the Activ8 programme into its regular Physiotherapy
services and Site B continues to work with their leisure centre using the
Active Retired class as a pathway to regular exercise for their older
patients. It can be relayed to Physiotherapy managers in primary care
that an interagency physical activity and education programme
between the HSE, Dublin City Council and Dun Laoghaire & Rathdown
County Council has been proven to be feasible however further
evidence is required to identify the programme’s clinical, costeffectiveness and potential effect on healthcare utilisation.
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6.6.4

Societal impacts

To have a societal impact is an ambitious goal for any research project.
However, while the potential of a societal effect wasn’t specifically
measured with any of the three studies the findings of this thesis may
have societal relevance for the population with multiple chronic
conditions. By incorporating gait speed and grip strength assessment at
a national level it could have the potential to improve outcomes for
many patients with multimorbidity over time. The possibility of reducing
future functional decline is important as it prioritises physical
functioning and independence. This is a vital aspect of person-centred,
holistic care which can have important repercussions for society as a
whole. The Activ8 programme needs further evaluation before it can be
recommended to be implemented in other primary care sites.

6.7 Conclusion
To conclude, multimorbidity is a current important public health
concern with significant cost consequences and will become more of a
concern with ageing populations worldwide. The issues raised by this
thesis are timely and this research has addressed gaps in previous
literature by identifying associations between multimorbidity and
functional decline and by demonstrating physical function as a risk
factor in the development of multimorbidity. Phase 1 and 2 of the MRC
Framework guided the design and development of a physical activity
and lifestyle education feasibility study for patients with multimorbidity
in primary care –Activ8 programme. A larger randomised controlled
pilot study has been proposed which should add further to
understanding the best approach to the management of multimorbidity
in primary care. The complexity of individuals with multimorbidity
cannot be underestimated, and the research presented in this thesis
provides a solid basis for further exploration and understanding of
272

physical activity and education interventions for the important issue of
multimorbidity.
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Appendix 8: Expanded search string
"primary health care"[MeSH Terms] OR "family practice"[MeSH Terms] OR
"physicians, family"[MeSH Terms] AND (multimorbid[All Fields] OR
multimorbid'[All Fields] OR multimorbidade[All Fields] OR multimorbide[All
Fields] OR multimorbidem[All Fields] OR multimorbiden[All Fields] OR
multimorbider[All Fields] OR multimorbides[All Fields] OR multimorbidic[All
Fields] OR multimorbidita[All Fields] OR multimorbiditat[All Fields] OR
multimorbiditatsindex[All Fields] OR multimorbiditatslast[All Fields] OR
multimorbiditatsmanagement[All Fields] OR multimorbidite[All Fields] OR
multimorbiditeit[All Fields] OR multimorbiditeitsdokter[All Fields] OR
multimorbiditeitsdokter'[All Fields] OR multimorbidites[All Fields] OR
multimorbiditet[All Fields] OR multimorbidities[All Fields] OR
multimorbidities'[All Fields] OR multimorbiditiy[All Fields] OR multimorbidity[All
Fields] OR multimorbidity'[All Fields] OR multimorbidity's[All Fields] OR
multimorbidnich[All Fields] OR multimorbidty[All Fields] OR multimorbidy[All
Fields]) OR (multi morbid[All Fields] OR multi morbide[All Fields] OR multi
morbidities[All Fields] OR multi morbidity[All Fields]) OR ("comorbidity"[MeSH
Terms] OR "comorbidity"[All Fields] OR ("co"[All Fields] AND "morbidity"[All
Fields]) OR "co morbidity"[All Fields]) OR "comorbidity"[MeSH Terms] AND
(function[All Fields] OR function'[All Fields] OR function''[All Fields] OR
function'alis[All Fields] OR function'in[All Fields] OR function's[All Fields] OR
function'were[All Fields] OR function,[All Fields] OR function1[All Fields] OR
function2[All Fields] OR function26[All Fields] OR function28[All Fields] OR
function2a[All Fields] OR function2gene[All Fields] OR function3[All Fields] OR
function490[All Fields] OR function647[All Fields] OR functiona[All Fields] OR
functionaal[All Fields] OR functionabilities[All Fields] OR functionability[All Fields]
OR functionable[All Fields] OR functionacondition[All Fields] OR
functionaction[All Fields] OR functionadded[All Fields] OR functionae[All Fields]
OR functionai[All Fields] OR functionaing[All Fields] OR functionaires[All Fields]
OR functionais[All Fields] OR functionaities[All Fields] OR
functionakimageanalysis[All Fields] OR functional[All Fields] OR functional'[All
Fields] OR functional''[All Fields] OR functional'noe[All Fields] OR
functional'proximal[All Fields] OR functional's[All Fields] OR functionala[All
Fields] OR functionalactivity[All Fields] OR functionalal[All Fields] OR
functionalanalysis[All Fields] OR functionalanalytical[All Fields] OR
functionaland[All Fields] OR functionalbeta[All Fields] OR functionalbiological[All
Fields] OR functionalclass[All Fields] OR functionalconstipation[All Fields] OR
functionaldarsallele[All Fields] OR functionaldiagnostic[All Fields] OR
functionale[All Fields] OR functionalefficiency[All Fields] OR functionalenzyme[All
Fields] OR functionales[All Fields] OR functionalflow[All Fields] OR
functionalgastroenterology[All Fields] OR functionalgenomics[All Fields] OR
functionalglycomics[All Fields] OR functionalgrazers[All Fields] OR
functionalgroup[All Fields] OR functionalgroupentity[All Fields] OR
functionalgroups[All Fields] OR functionali[All Fields] OR functionaliation[All
Fields] OR functionalied[All Fields] OR functionalimaging[All Fields] OR
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functionalimpairment[All Fields] OR functionalin[All Fields] OR functionalinsts[All
Fields] OR functionalis[All Fields] OR functionalisability[All Fields] OR
functionalisable[All Fields] OR functionalisation[All Fields] OR
functionalisations[All Fields] OR functionalisative[All Fields] OR functionalise[All
Fields] OR functionalised[All Fields] OR functionalised'[All Fields] OR
functionalises[All Fields] OR functionalising[All Fields] OR functionalism[All
Fields] OR functionalismo[All Fields] OR functionalisms[All Fields] OR
functionalist[All Fields] OR functionalist'[All Fields] OR functionalist's[All Fields]
OR functionalistic[All Fields] OR functionalistion[All Fields] OR functionalists[All
Fields] OR functionalitate[All Fields] OR functionalitatea[All Fields] OR
functionalitatii[All Fields] OR functionalitation[All Fields] OR functionalites[All
Fields] OR functionalities[All Fields] OR functionalities'[All Fields] OR
functionalitites[All Fields] OR functionality[All Fields] OR functionality'[All Fields]
OR functionality's[All Fields] OR functionalizability[All Fields] OR
functionalizable[All Fields] OR functionalizaed[All Fields] OR functionalizarea[All
Fields] OR functionalizated[All Fields] OR functionalizating[All Fields] OR
functionalization[All Fields] OR functionalization'[All Fields] OR
functionalization's[All Fields] OR functionalization5[All Fields] OR
functionalizationed[All Fields] OR functionalizationof[All Fields] OR
functionalizations[All Fields] OR functionalizatlon[All Fields] OR
functionalizaton[All Fields] OR functionalizd[All Fields] OR functionalize[All
Fields] OR functionalizeable[All Fields] OR functionalized[All Fields] OR
functionalizer[All Fields] OR functionalizers[All Fields] OR functionalizes[All
Fields] OR functionalizes'[All Fields] OR functionaliziation[All Fields] OR
functionalizied[All Fields] OR functionalizing[All Fields] OR functionalizion[All
Fields] OR functionaliztion[All Fields] OR functionallimitations[All Fields] OR
functionallities[All Fields] OR functionallized[All Fields] OR functionallly[All Fields]
OR functionally[All Fields] OR functionally'[All Fields] OR
functionallydependent[All Fields] OR functionallyidentical[All Fields] OR
functionallywise[All Fields] OR functionalmedicine[All Fields] OR
functionalmitral[All Fields] OR functionalmolecular[All Fields] OR
functionalmorphology[All Fields] OR functionalmri[All Fields] OR
functionalnature[All Fields] OR functionalnet[All Fields] OR functionalnoda[All
Fields] OR functionaloutcomes[All Fields] OR functionalpolarities[All Fields] OR
functionalpolymer[All Fields] OR functionalproteins[All Fields] OR
functionalroles[All Fields] OR functionals[All Fields] OR functionals'[All Fields] OR
functionalsimilarity[All Fields] OR functionalskill[All Fields] OR functionalskills[All
Fields] OR functionalsolutions[All Fields] OR functionalstarter[All Fields] OR
functionalstructure[All Fields] OR functionalstudies[All Fields] OR
functionalties[All Fields] OR functionalvoice[All Fields] OR functionalvs[All Fields]
OR functionaly[All Fields] OR functionalysed[All Fields] OR functionalyzed[All
Fields] OR functionalzation[All Fields] OR functionalzed[All Fields] OR
functionalziation[All Fields] OR functionalzied[All Fields] OR functionamento[All
Fields] OR functionamiento[All Fields] OR functionanalyzer[All Fields] OR
functionand[All Fields] OR functionannotator[All Fields] OR functionante[All
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Fields] OR functionantes[All Fields] OR functionare[All Fields] OR functionarea[All
Fields] OR functionaresse[All Fields] OR functionaries[All Fields] OR
functionaries'[All Fields] OR functionarii[All Fields] OR functionarios[All Fields]
OR functionaris[All Fields] OR functionarissen[All Fields] OR functionarization[All
Fields] OR functionary[All Fields] OR functionary'[All Fields] OR functionas[All
Fields] OR functionassociated[All Fields] OR functionate[All Fields] OR
functionates[All Fields] OR functionating[All Fields] OR functionation[All Fields]
OR functionator[All Fields] OR functionbfat[All Fields] OR functionbody[All Fields]
OR functionbone[All Fields] OR functionbrix[All Fields] OR functionc[All Fields]
OR functioncdots[All Fields] OR functiond[All Fields] OR functione[All Fields] OR
functioneal[All Fields] OR functioned[All Fields] OR functioneel[All Fields] OR
functioneelanatomisch[All Fields] OR functioneert[All Fields] OR functionel[All
Fields] OR functionele[All Fields] OR functionelisa[All Fields] OR functionelle[All
Fields] OR functionellen[All Fields] OR functioneller[All Fields] OR
functionelles[All Fields] OR functionellipsis[All Fields] OR functionellipsis'[All
Fields] OR functionem[All Fields] OR functionen[All Fields] OR functioner[All
Fields] OR functioneren[All Fields] OR functionerend[All Fields] OR
functionerende[All Fields] OR functionerings[All Fields] OR functiones[All Fields]
OR functionfor[All Fields] OR functionfunctions[All Fields] OR functiong[All Fields]
OR functionh[All Fields] OR functionhave[All Fields] OR functioni[All Fields] OR
functionialized[All Fields] OR functionialy[All Fields] OR functionig[All Fields] OR
functionilized[All Fields] OR functionimg[All Fields] OR functionin[All Fields] OR
functioning[All Fields] OR functioning'[All Fields] OR functioning''[All Fields] OR
functioning's[All Fields] OR functioninga[All Fields] OR functioningand[All Fields]
OR functioningfeatures[All Fields] OR functioningin[All Fields] OR
functioningphysical[All Fields] OR functionings[All Fields] OR functionings'[All
Fields] OR functioningt[All Fields] OR functioningthe[All Fields] OR
functionioning[All Fields] OR functionisable[All Fields] OR functionization[All
Fields] OR functionized[All Fields] OR functionl[All Fields] OR functionla[All
Fields] OR functionlaized[All Fields] OR functionless[All Fields] OR
functionless'[All Fields] OR functionlessness[All Fields] OR functionlike[All Fields]
OR functionlised[All Fields] OR functionlization[All Fields] OR functionlize[All
Fields] OR functionlized[All Fields] OR functionllized[All Fields] OR
functionlmnagene[All Fields] OR functionly[All Fields] OR functionmelbourne[All
Fields] OR functionment[All Fields] OR functionmuscle[All Fields] OR
functionmutant[All Fields] OR functionn[All Fields] OR functionnal[All Fields] OR
functionnale[All Fields] OR functionnality[All Fields] OR functionnalization[All
Fields] OR functionnalized[All Fields] OR functionnally[All Fields] OR
functionnaly[All Fields] OR functionned[All Fields] OR functionnel[All Fields] OR
functionnele[All Fields] OR functionnelle[All Fields] OR functionnelles[All Fields]
OR functionnels[All Fields] OR functionnement[All Fields] OR functionnes[All
Fields] OR functionning[All Fields] OR functionnlrp3allele[All Fields] OR
functionnon[All Fields] OR functiono[All Fields] OR functionof[All Fields] OR
functionograph[All Fields] OR functionography[All Fields] OR functionold[All
Fields] OR functionome[All Fields] OR functionome'[All Fields] OR
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functionomes[All Fields] OR functionometric[All Fields] OR functionomic[All
Fields] OR functionomics[All Fields] OR functionomics'[All Fields] OR
functionpattern[All Fields] OR functionpc[All Fields] OR functionpiso[All Fields]
OR functionplasma[All Fields] OR functionplaster[All Fields] OR functionpost[All
Fields] OR functionprediction[All Fields] OR functionprotective[All Fields] OR
functionpsi[All Fields] OR functionrelated[All Fields] OR functionrelating[All
Fields] OR functionrelationship[All Fields] OR functionroi[All Fields] OR
functions[All Fields] OR functions'[All Fields] OR functions's[All Fields] OR
functionsa[All Fields] OR functionsal[All Fields] OR functionsalk[All Fields] OR
functionsand[All Fields] OR functionsarriena[All Fields] OR functionsaving[All
Fields] OR functionse[All Fields] OR functionsf[All Fields] OR functionship[All
Fields] OR functionskane[All Fields] OR functionsleuphana[All Fields] OR
functionsmduring[All Fields] OR functionsmeasured[All Fields] OR functionsmf[All
Fields] OR functionsparing[All Fields] OR functionsrelated[All Fields] OR
functionsreproduce[All Fields] OR functionsstorungen[All Fields] OR
functionstate[All Fields] OR functionsuccess[All Fields] OR functionsurg[All
Fields] OR functionsviaepigenetic[All Fields] OR functionswechsel[All Fields] OR
functionswechsels[All Fields] OR functionswere[All Fields] OR functionswithin[All
Fields] OR functiont[All Fields] OR functiontesting[All Fields] OR functiontests[All
Fields] OR functionthat[All Fields] OR functionthe[All Fields] OR functionthere[All
Fields] OR functiontional[All Fields] OR functiontlu[All Fields] OR
functiontrade[All Fields] OR functiontrpc[All Fields] OR functionum[All Fields] OR
functionunderlies[All Fields] OR functionuniversity[All Fields] OR
functionvariants[All Fields] OR functionwas[All Fields] OR functionwere[All Fields]
OR functionwhiles[All Fields] OR functionwise[All Fields] OR functionx[All Fields]
OR functiony[All Fields] OR functionyoung[All Fields]) AND ("1990/01/01"[PDAT]
: "2014/11/31"[PDAT]) AND "humans"[MeSH Terms] AND "adult"[MeSH Terms])
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Appendix 9 a: Tool to assess risk of bias in cohort studies

ϭ͘tĂƐƐĞůĞĐƚŝŽŶŽĨĞǆƉŽƐĞĚĂŶĚŶŽŶͲĞǆƉŽƐĞĚ
Definitely yes

Probably yes

Probably no

(low risk of bias)

Definitely no
(high risk of bias)

Examples of low risk of bias: Exposed and unexposed drawn for same administrative data
base of patients presenting at same points of care over the same time frame.
Examples of high risk of bias: exposed and unexposed presenting to different points of care
or over a different time frame
2. Can we be confident in the assessment of exposure?
Definitely yes

Probably yes

Probably no

(low risk of bias)

Definitely no
(high risk of bias)

Examples of low risk of bias: Secure record [e.g. surgical records, pharmacy records];
repeated interview or other ascertainment asking about current use/exposure.
Examples of higher risk of bias: Structured interview at a single point in time; Written self report; Individuals who are asked to retrospectively confirm their exposure status may be
subject to recall bias – less likely to recall an exposure if they have not developed an adverse
outcome, and more likely to recall an exposure (whether an exposure occurred or not) if
they have developed an adverse outcome.
Examples of high risk of bias: uncertain how exposure information obtained.
3. Can we be confident that the outcome of interest was not present at start of study?
Definitely yes

Probably yes

Probably no

(low risk of bias)

Definitely no
(high risk of bias)

4. Did the study match exposed and unexposed for all variables that are associated with
the outcome of interest or did the statistical analysis adjust for these prognostic
variables?
Definitely yes

Mostly yes

Mostly no

(low risk of bias)

Definitely no
(high risk of bias)

Examples of low risk of bias: comprehensive matching or adjustment for all plausible
prognostic variables.
Examples of higher risk of bias: matching or adjustment for most plausible prognostic
variables.
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Examples of high risk of bias: matching or adjustment for a minority of plausible prognostic
variables, or no matching or adjustment at all. Statements of no differences between groups
or that differences were not statistically significant are not sufficient for establishing
comparability.
5. Can we be confident in the assessment of the presence or absence of prognostic
factors?
Definitely yes

Probably yes

Probably no

(low risk of bias)

Definitely no
(high risk of bias)

Examples of low risk of bias: Interview of all participants; self‐completed survey from all
participants; review of charts with reproducibility demonstrated; from data base with
documentation of accuracy of abstraction of prognostic data.
Examples of higher risk of bias: Chart review without demonstration of reproducibility;
database with uncertain quality of abstraction of prognostic information.
Examples of high risk of bias: Prognostic information from data base with no available
documentation of quality of abstraction of prognostic variables
6. Can we be confident in the assessment of outcome?
Definitely yes

Probably yes

Probably no

(low risk of bias)

Definitely no
(high risk of bias)

Examples of low risk of bias: Independent blind assessment; Record linkage; For some
outcomes (e.g. fractured hip), reference to the medical record is sufficient to satisfy the
requirement for confirmation of the fracture.
Examples of higher risk of bias: Independent assessment unblinded; self‐report; For some
outcomes (e.g. vertebral fracture where reference to x‐rays would be required) reference to
the medical record would not be adequate outcomes.
Examples of high risk of bias: uncertain (no description)
7. Was the follow up of cohorts adequate?
Definitely yes

Probably yes

Probably no

(low risk of bias)

Definitely no
(high risk of bias)

Examples of low risk of bias: No missing outcome data; Reasons for missing outcome data
unlikely to be related to true outcome (for survival data, censoring is unlikely to introduce
bias); Missing outcome data balanced in numbers across intervention groups, with similar
reasons for missing data across groups; For dichotomous outcome data, the proportion of
missing outcomes compared with observed event risk is not enough to have a important
impact on the intervention effect estimate; For continuous outcome data, plausible effect
size (difference in means or standardized difference in means) among missing outcomes is
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not large enough to have an important impact on the observed effect size; Missing data
have been imputed using appropriate methods.
Examples of high risk of bias: Reason for missing outcome data likely to be related to true
outcome, with either imbalance in numbers or reasons for missing data across intervention
groups; For dichotomous outcome data, the proportion of missing outcomes compared with
observed event risk is enough to induce important bias in intervention effect estimate; For
continuous outcome data, plausible effect size (difference in means or standardized
difference in means) among missing outcomes is large enough to induce clinically relevant
bias in the observed effect size.

ϴ͘tĞƌĞĐŽͲ/ŶƚĞƌǀĞŶƚŝŽŶƐƐŝŵŝůĂƌďĞƚǁĞĞŶŐƌŽ
Definitely yes

Probably yes

Probably no

(low risk of bias)

Definitely no
(high risk of bias)

Examples of low risk of bias: Most or all relevant co‐interventions that might influence the
outcome of interest are documented to be similar in the exposed and unexposed.
Examples of high risk of bias: Few or no relevant co‐interventions that might influence the
outcome of interest are documented to be similar in the exposed and unexposed.

352

Appendix 9 b: Tool to assess risk of bias in cross-sectional
studies

1. Was the selection of those with and without Multimorbidity drawn from the same
population?
Definitely yes

Probably yes

Probably no

(low risk of bias)

Definitely no
(high risk of bias)

Examples of low risk of bias: Exposed and unexposed drawn for same administrative data
base of patients presenting at same points of care over the same time frame.
Examples of high risk of bias: exposed and unexposed presenting to different points of care
or over a different time frame.
2. Can we be confident in the assessment of Multimorbidity?
Definitely yes

Probably yes

Probably no

(low risk of bias)

Definitely no
(high risk of bias)

Examples of low risk of bias: Secure record [e.g. surgical records, pharmacy records];
repeated interview or other ascertainment asking about current use/exposure.
Examples of higher risk of bias: Structured interview at a single point in time; Written self report; Individuals who are asked to retrospectively confirm their exposure status may be
subject to recall bias – less likely to recall an exposure if they have not developed an adverse
outcome, and more likely to recall an exposure (whether an exposure occurred or not) if
they have developed an adverse outcome.
Examples of high risk of bias: uncertain how exposure information obtained.
3. Did the study match those with and without Multimorbidity for all variables that
are associated with the outcome of interest or did the statistical analysis adjust
for these prognostic variables?
Definitely yes

Mostly yes

Mostly no

(low risk of bias)

Definitely no
(high risk of bias)

Examples of low risk of bias: comprehensive matching or adjustment for all plausible
prognostic variables. Examples of higher risk of bias: matching or adjustment for most
plausible prognostic variables. Examples of high risk of bias: matching or adjustment for a
minority of plausible prognostic variables, or no matching or adjustment at all. Statements
of no differences between groups or that differences were not statistically significant are
not sufficient for establishing comparability.
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4. Can we be confident in the assessment of outcome? (Validated measure of
functional decline used).
Definitely yes

Probably yes

Probably no

(low risk of bias)

Definitely no
(high risk of bias)

Examples of low risk of bias: Independent blind assessment; Record linkage; For some
outcomes (e.g. fractured hip), reference to the medical record is sufficient to satisfy the
requirement for confirmation of the fracture.
Examples of higher risk of bias: Independent assessment unblinded; self‐report; For some
outcomes (e.g. vertebral fracture where reference to x‐rays would be required) reference to
the medical record would not be adequate outcomes.
Examples of high risk of bias: uncertain (no description)
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Appendix 11: Conditions in included studies
Cross-Sectional Studies
Author
Publication
Year
Country
Agborsangaya
2012
Canada
Baker
2000
USA

No of chronic
conditions
included

Included conditions

16 conditions

Baker
2006
USA
Bayliss M
2012
USA

Number not
detailed

Diabetes, Chronic Obstructive Pulmonary Disorder, Asthma, High blood pressure, High cholesterol, Sleep
apnea, Congestive heart failure, Obesity, Depression or anxiety, Chronic pain, Arthritis, Heart disease, Stroke
(or related), Cancer, Kidney disease, GIT disease.
1. Circulatory: HTN, coronary artery disease, myocardial infarction, angina, stroke, congestive heart
failure, other circulatory
2. Endocrine: diabetes
3. Respiratory: asthma, emphysema and chronic obstructive pulmonary disease
4. Musculoskeletal: low back pain, neck /upper limb pain, osteoarthritis, degenerative joint disease, other
musculoskeletal pain, other musculoskeletal problems.
Conditions included not detailed in paper

Bayliss EA
2012
USA

10 conditions

Number not
detailed
Four ICPC
categories
included

26 conditions

Cardiovascular cluster: heart attack in past year, congestive heart failure, angina, coronary artery disease, other
heart conditions.
Gastrointestinal cluster: liver disease, kidney disease, stomach disease, irritable bowel syndrome
Endocrine cluster: type 1, type 2 diabetes
Musculoskeletal cluster: rheumatoid arthritis, osteoarthritis, degenerative arthritis, osteoporosis
Respiratory cluster: chronic obstructive pulmonary disease
Conditions included not detailed in paper
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Brettschneider
2013
Germany

45 conditions

Depression, hypertension, thyroid dysfunction, obesity, chronic low back pain, neuropathies, anaemias,
asthma/ COPD, cardiac insufficiency, osteoporosis, chronic stroke, joint arthrosis, lipid metabolism disorders,
Parkinson’s disease, urinary incontinence, anxiety disorders, atherosclerosis, cardiac valve disorders, diabetes
mellitus, insomnia, renal insufficiency, severe hearing loss, coronary heart disease, dizziness, intestinal
diverticulosis, psoriasis, rheumatism, urinary tract calculi, lower limb varicose, allergies, chronic ischaemic heart
disease, cardiac arrhythmias, severe vison reduction, cancers, gout, intestinal diverticulosis, chronic gastritis,
prostatic hyperplasia, cardiac valve disorders, chronic cholecystitis, liver diseases, somatoform disorders,
obesity, migraine/ chronic headache, non-inflammatory gynaecological problems
Obesity, coronary heart disease, cerebrovascular disease, congestive heart failure, peripheral heart disease,
hypertension, lung disease, osteoarthritis, diabetes, dementia, Parkinson’s disease, renal failure, cancer,
depression

Cesari
2006
Italy

14 conditions

Chen
2011
USA
Cheng
2003
USA
Formiga
2005
Spain
Fortin
2007
Canada

8 conditions

Asthma, arthritis, myocardial infarction, angina, stroke, diabetes, obesity, hypertension

7 conditions

Hypertension, arthritis, diabetes type 2, heart disease, pulmonary disease, visual and hearing impairment,
osteoporosis

7 conditions

Hypertension, diabetes mellitus, dyslipidemia, previous stroke, ischaemic heart disease, chronic obstructive
lung disease, heart failure

Conditions not
detailed
14 CIRS organ
domains
outlined

Cardiac, vascular, haematological, respiratory, ophthalmologic, upper gastrointestinal, lower gastrointestinal,
hepatic and pancreatic, renal, genitourinary, musculoskeletal, neurological, endocrine metabolic and breast,
psychiatric

Goins
2010
USA

32 conditions

Angina, congestive heart failure, heart attack, lung disease, arthritis, osteoporosis, broken bone, joint
replacement, joint fusion, amputation, Parkinson’s disease, stroke, depression/ anxiety, sleep problem, back
pain, chronic pain syndrome, cancer, diabetes, glaucoma, cataracts, heart disease, high blood pressure, ulcer or
stomach disease, kidney disease, liver disease, anaemia or other blood disease, vision loss, hearing loss, skin
disorders, epilepsy, multiple sclerosis, urinary tract disorders
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Griffith
2010
Canada
Heyworth
2009
UK
Hunger
2011
Germany
Jayasinghe
2009
Australia
Joshi
2003
India

12 conditions

Cognitive impairment, Parkinson’s disease, hypertension, heart problems, stroke, diabetes, respiratory
problems, hearing problems, vison problems, arthritis, foot problems, fracture

6 conditions

Asthma, COPD, ischaemic heart disease, hypertensive disease, diabetes mellitus, cerebrovascular disease

6 conditions

Stroke, coronary disorders, cancer, diabetes, hypertension, chronic bronchitis

3 conditions.

Asthma, type 2 diabetes, hypertension/ischaemic heart disease

27 conditions

Kadam
2007
UK
Kadam
2009
UK

19 domains
according to
Read system
78 conditions

Anaemia, dental problems, hypertension, chronic obstructive airway disease, cataract, osteoarthritis, skin and
nail infections, urinary incontinence, senile pruritus, senile deafness, paraesthesia, prostate enlargement,
valvar heart disease, acid peptic disease, cervical spondylosis, anxiety neurosis, corneal ulcer, asthma, diabetes
mellitus, obesity, conjunctivitis, rheumatoid arthritis, sciatica, psychosis, pulmonary tuberculosis,
haemorrhoids, faecal incontinence
Conditions included not detailed in paper

Keles
2007
Turkey
Kim
2012
Korea

11 conditions

20 conditions

Asthma, anxiety, allergic rhinitis, high blood pressure, osteoarthritis, diabetes mellitus, hypercholesterolemia,
hypothyroidism, emphysema, heart disease, obesity, rheumatoid arthritis, haemorrhoids
Not all included conditions detailed in paper
Asthma, chronic bronchitis, heart disease, hypertension, peptic or duodenal ulcer, diabetes mellitus, joint
diseases, liver/ kidney disease, stroke, cancer, other chronic disease
Hypertension, chronic kidney disease, obesity, diabetes mellitus, hypercholesterolemia, anaemia, ischaemic
heart disease, stroke, respiratory disease, back pain, depression, urinary incontinence, thyroid disease, cataract
and glaucoma, cancer, peptic ulcer, chronic liver disease, arthritis, osteoporosis, pulmonary tuberculosis
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Lawson
2013
UK

40 conditions

Cancer, diabetes, other endocrine/metabolic, mental illness, mental handicap, epilepsy, other nervous system
problems, cataract, other eye complaints, poor hearing/deafness, tinnitus, Meniere’s disease, other ear
complaints, stroke, heart attack/angina, hypertension, other heart problems, haemorrhoids, varicose veins,
other blood vessel problems, bronchitis, asthma, hay fever, other respiratory complaints, stomach ulcer, other
digestive complaints, complaints of bowel, complaints of teeth/mouth/tongue, kidney complaints, urinary tract
infection, other bladder problems, reproductive system disorders, arthritis, back problems, other
bone/joint/muscle problems, infectious disease, disorder of blood, skin complaints, other complaints
Cardiac infarction, cancer, diabetes, angina, asthma, skin problems, allergies, long-standing medication,
arthritis, reduced limb function, blood pressure, hearing impairment, visual impairment

Michelson
2001
Sweden
Mujica-Mota
2014
UK
Noel
2007
USA

13 conditions

Parker
2014
UK

15 conditions

Rijken
2005
Netherlands
Wensing
2001
Netherlands

6 conditions

Cardiovascular disease, cancer, arthritis, chronic respiratory disease, diabetes mellitus, thyroid dysfunction

25 conditions

Asthma/ chronic bronchitis/ COPD, infection of nose/sinus/throat, severe heart disease /heart infarction, high
blood pressure, consequences of stroke, stomach/bowel ulcer, severe bowel problems, gall stones/ gall
bladder infection, liver disease/liver cirrhosis, kidney stones, severe kidney disease, chronic bladder infection,
female prolapse, diabetes mellitus, thyroid disease, chronic back pain, arthrosis of knees/hips/hands, infection
of joint in hands/ feet, other chronic reuma, epilepsy, dizziness/falling, migraine, severe skin disease, malignant
disease/ cancer, other disease/ health problem

12 conditions

Angina/heart, arthritis/joint, asthma, cancer, deaf/severe hearing, diabetes, epilepsy, high blood pressure,
kidney/liver disease, back problems, mental health, neurological

45 conditions

Hypertension, hyperlipidaemia, diabetes, ischaemic heart disease, obesity, osteoarthritis, low back pain, GERD,
benign prostatic hyperplasia, depression, PTSD, other anxiety disorder, alcohol abuse, substance abuse, bipolar
disorder, schizophrenia
Not all included conditions detailed in paper
Cardiac arrhythmia, cancer, cerebrovascular disease, stroke /transient ischaemic attack, dementia, diabetes,
heart valve and valvar disease, hypertension, ischaemic coronary heart disease, peripheral vascular disease,
pulmonary disease, renal disease, rheumatoid arthritis, osteoarthritis, neurological disease
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Cohort Studies
Author
Publication
Year
Country
Abizanda
2014
Spain
Aarts
2012
Netherlands

No of conditions

Included conditions

14 conditions

Hypertension, dyslipidaemia, diabetes, depression, coronary disease, atrial fibrillation, COPD
dementia, asthma /bronchial hyperactivity, stroke, non-skin cancer, heart failure, anaemia
Parkinsonism
Malignancies, movement disorders, chronic respiratory diseases, cardiovascular diseases,
endocrine diseases, neurological disturbances, psychological disorders

96 conditions

Bayliss
2004
USA
Byles
2005
Australia

7 conditions

Drewes
2011
Netherlands
Kiely
1997
USA

9 conditions

25 conditions

Self-report of 5 prespecified medical
conditions

Conditions interfering with cognition excluded:
History of coma, cerebrovascular disorder, tumour of the nervous system, MS, Parkinsonism,
epilepsy, dementia, organic psychosis, schizophrenia, affective psychosis, mental retardation
congenital malformation
Hypertension, congestive heart failure , myocardial infarction (within past 6/12), diabetes,
depression, musculoskeletal disease, respiratory disease
Arthritis rheumatism, vison problems, blood pressure, sciatica, back or spinal problems, hearing
problems, forgetfulness, digestion problems, urinary tract problems, chronic allergic or sinus
problems, dermatitis or other skin condition, chronic pain, angina or chest pain, depression,
cancer, chronic lung disease, muscle weakness or spasm, heart attack, gall bladder trouble, fits/
faints/ funny turns, heart bypass, kidney problems, diabetes , stroke, heart failure , liver
problems
Arthritis, depressive symptoms , history of Cancer, diabetes mellitus, heart failure, COPD,
myocardial infarction, stroke, Parkinson disease
Heart problem, arthritis, diabetes, cancer, stroke
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Nikolova
2011
Canada

1084 > 2 diseases
(93.1%)

Prior
2011
UK

Specific cardiovascular
and musculoskeletal
conditions (n=15)
chosen as most
prevalent in
developed countries
18 prevalent
conditions from 8
organ domains via
self-report

Rigler
2002
USA

Diseases not specified but grouped into four categories:
0-1 disease
2-3 diseases
4-5 diseases
≥6 diseases
CVD: hypertension, atrial fibrillation, ischaemic heart disease, angina, myocardial infarction,
heart failure
MSK: soft tissue disorder, soft tissue pain, peripheral enthesopathies, joint disorders, back pain,
neck pain, osteoarthritis, osteoporosis, inflammatory polyarthropathy
Cardiovascular: angina, congestive heart failure, heart attack
Respiratory: lung disease (emphysema, asthma, bronchitis)
Musculoskeletal: osteoporosis, broken bone, joint replacement, joint fusion, amputation
Neurologic: Parkinson’s disease, stroke
General: insomnia, chronic pain, anxiety/ depression, cancer, diabetes mellitus
Visual: glaucoma, cataract
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Appendix 13a: TILDA Ethics (Wave 1)
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Appendix 13b: TILDA Ethics (Wave 2)
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Appendix 13c: TILDA ethics (RCSI)
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Appendix 16: Study 3 (Activ8) protocol

October 2016
Research Protocol: An Interagency Physical Activity Intervention for Patients with
Multimorbidity: a Feasibility Study.

Review question
What is the feasibility and potential effectiveness of an interagency exercise programme
for patients with multimorbidity?
Background
Multimorbidity has been defined as the co-existence of two or more chronic conditions
and has a profound impact on both the health related quality of life (HRQOL) and level
of functioning in individuals affected [1]. Furthermore, there is a higher association with
utilisation of health services and complex care needs in this patient group [2].
Multimorbidity is highly prevalent in primary care in Ireland. A previous study observed
66.2% of patients >50 years attending primary care services have more than one
chronic condition with prevalence increasing with age [3]. It is imperative that we identify
efficient and practical interventions in order to manage this growing caseload of
individuals effectively. It has been highlighted in the literature that there is a need for
interventions addressing specific risk factors such as physical function and HRQOL [1].
We published a systematic review in 2015 which examined the association between
multimorbidity and functional decline [4]. This indicated that multimorbidity predicts
future functional decline, with greater decline in patients with higher numbers of
conditions and greater disease severity. The review highlighted the importance of
prioritising physical function when developing and testing interventions for this patient
group. A recently updated Cochrane review on the effectiveness of interventions for
people with multimorbidity suggested that interventions which focus on difficulties
patient’s experience with daily functioning such as physiotherapy treatment to improve
capacity for physical activity may be more effective than those focused on changing the
organisation of care [5]. This approach is supported by qualitative research which
identified that physical symptoms and effects on functioning along with the impact on
work and leisure activities were two of the main problems for patients with multiple
chronic illnesses [6].
The evidence for physical activity interventions for patients with multimorbidity is
relatively sparse. A meta-analysis completed in 2012 reported that physical exercise
therapy has a positive effect on physical functioning. High-intensity exercise intervention
seems to be somewhat more effective than low-intensity exercise interventions [7].
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Aims
In the Medical Research Council (MRC) guidance on designing and evaluating complex
interventions feasibility and pilot studies are explicitly recommended in order to identify
potential problems which may occur with a randomised controlled trial. The primary aim
of this intervention will be to examine the feasibility and potential effectiveness of an
interagency exercise programme for patients with multimorbidity.
Methods
Feasibility study with an uncontrolled before and after intervention design.
Setting
The Dublin City Council Sports and Leisure Centre Ballymun and Dun Laoghaire and
Rathdown County Council Meadowbrook Leisure Centre are state funded exercise
facilities. Currently the majority of primary care health centres nationwide do not have
the facilities to promote accessible, affordable and sustainable exercise programmes.
This study aims to test the feasibility of two agencies working together i.e. the HSE and
the Councils.
Participants/ population
Participants: Adults (age>18yrs); have at least two chronic conditions; referred for
community physiotherapy; have the ability to provide fully informed consent
Exclusion criteria:
x A severe communication disability, behavioural disorder or cognitive deficit that
would compromise the ability to participate in the intervention or complete the
questionnaires
x An uncontrolled condition that would compromise the participants ability to
undertake physical exercise as judged by the community physiotherapist
x Patients who are under 18 or non-English speaking will also be excluded from this
study
x Currently participating in another research study
Intervention
Potentially suitable patients will be identified by participating primary care
Physiotherapists. If a patient is deemed eligible by their physiotherapist he/she will be
informed of the purpose of the study, will be given an information leaflet and invited to
participate in the study. The physiotherapist with complete the consent form with the
patient and complete the referral form. The Par-Q (Physical Activity Readiness
Questionnaire) will also be completed and indicate if the patient should check with their
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doctor before becoming physically active.
Throughout the recruitment period (one to two weeks in duration) the participating
Physiotherapists will complete a daily recruitment form detailing the numbers of patients
seen; the number of patients eligible for the programme; number of patients who
consented to participating and reasons for declining to participate.
Consenting participants will then proceed to commence the programme. The first
session will be two hours in duration (approx.) and the PhD researcher will complete the
baseline outcome measures with each participant.
The intervention group will attend the physical activity programme, once weekly for six
weeks. Participants will be advised to continue their normal daily routines and
medication.
The intervention will be delivered together by a Chartered Primary Care Physiotherapist
researcher and a Dublin City Council Fitness Instructor in Ballymun Leisure Centre. It
will consist of a sixty minute supervised exercise programme along with thirty minute
education talks on self-management techniques, maintaining mental health and wellbeing and benefits of physical activity along with individual goal setting. Participants are
offered supported warm up on gym equipment (this becomes self-directed at week 4)
and optional group stretches. This is followed by circuit style programme led by the
fitness instructor with input from the Primary Care Physiotherapist as needed. The
options on the circuit are stationary bike; treadmill; cross trainer; mat exercises; step
ups; sit to stand exercises; squat exercises; arm weights and lower limb exercise
machines. The outcome measures will be reassessed at the final session by the PhD
researcher. In addition a focus group will be carried out led by the PhD researcher in
order to learn about the participant’s satisfaction and thoughts on the intervention.
Outcomes and data collection
These will include: Grip Strength (average measurement of three attempts with
dominant hand) and Gait speed (seconds to complete 10metre walk). The
questionnaires will be completed independently however those reporting any difficulty
can be supported by the local investigator to complete them. These will include the EQ5D and the Stanford Self-efficacy Scale.
Reduction in physical function depends on a variety of interacting factors: age; physical
activity level; type and impact of disease. An important aspect of this intervention is that
the exercise is individualised according to baseline assessments. The intervention will
be suitable for mixed ability levels. Assessment will take place at baseline, on
completion.
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Summary of objectives and measured outcomes
Objectives

Outcomes

Identify the numbers of eligible patients
/participants being referred for primary
care physiotherapy that have
multimorbidity

Through review of patient referrals and
Physiotherapy charts

Identify the willingness of patients/
participants to be recruited

Through assessment of numbers
recruited within a period of time

Identify the willingness of clinicians to
recruit participants

Through assessment of numbers
recruited within a period of time.

Identify the suitability of proposed
outcome measures

Through discussion with the research
team upon review of study results

Identify the standard deviations of the
outcome measures in order to estimate
a potential sample size for a definitive
RCT

Through statistical analysis

Identify rates of retention of participants
along with response rates to
questionnaires

Through statistical analysis

Identify the suitability of proposed data
management

Through discussion with the research
team on study completion

Identify the suitability of proposed data
analysis

Through discussion with the research
team after study completion

Identify the patient satisfaction of the
interagency intervention as opposed to
typical Physiotherapy treatment in
primary care.

Through focus group analysis after
study completion

Identify the satisfaction of service
providers of the interagency intervention
as opposed to typical Physiotherapy
treatment in primary care.

Through interviews with the Lead Coinvestigating Physiotherapist and Dublin
City Council Fitness Instructor after
study completion
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Data analysis
We will use Stata (Version 13) to carry out statistical analyses to determine the potential
effectiveness of the study. Descriptive statistics will be used to create a profile of
sociodemographic characteristics, prevalence of multimorbidity and outcome measures.

Timelines
The study aims to commence recruitment on October 17thth 2016. The first programme
is aimed to run in Ballymun Leisure Centre between November 7th and December 12th
2016. The second programme will run in Meadowbrook Leisure Centre between
January and February 2017. It is expected that all data will be analysed by April 2017
and all results will be written up by October 2017.

Dissemination plans
The aggregated study results will be presented in peer reviewed journals, poster and
oral presentations. The research results will also be made available on the International
Research Community on Multimorbidity (IRCMo) website (crmcspiblog.recherche.usherbrooke.ca)
In addition dissemination will be via the HRB Centre for Primary Care Research (RCSI)
research briefs and will be available on the Centre's website
www.hrbcentreprimarycare.ie
Conflicts of interest
None known
On completion of this study the CONSORT extension guidelines for Pilot and Feasibility
Studies will be consulted to ensure methodological rigor 8.
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Appendix 19: Interview and focus group topic guides
Interview Topic Guide ʹ
Senior Physiotherapist
Patient Recruitment/Referrals
1. How did the referral pathway work? What do you think would be the best referral pathway?
2. How did you decide who to refer to the programme?
3. Who do you think are the most suitable /appropriate patients to participate in this
programme?
4. Were the patients who were referred appropriate? If not why not?
Activ8 Programme Format
5.
6.
7.
8.
9.
10.
11.

In your opinion what went well with the programme you ran?
What ĚŝĚŶ͛ƚǁŽƌŬ
well?
In your opinion what were the most valuable components of the programme?
Would you suggest any changes?
How did you feel about working with a Dun Laoghaire Rathdown Instructor?
How did you feel about working in a Leisure Centre which is not a HSE premises?
Do you think running this programme is feasible within your working day?
Programme Impact

12.
13.
14.
15.

Do you feel the programme met the needs of the patients referred?
What impact do you feel, if any, did the programme have on participants?
Do you feel the patients benefited from the programme?
Were the any potential disadvantages?
Implementation in Primary Care

16. In your opinion, how relevant is an exercise and education programme for patients with
multimorbidity in primary care?
17. Would you feel it would be feasible going forward for you to run a group exercise and
education programme in a DLR Gym?
18. Do you think a programme like this could be successfully integrated /rolled out in other
primary care areas?
19. What are the facilitators to this inter-agency programme?
20. What are the barriers to this inter-agency programme?
21. How do you feel this programme would fit in with other services currently provided to
patients?
22. Would you want to continue providing this intervention to patients with multimorbidity as
part of your practice after the Activ8 study?
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Interview Topic Guide ʹ
Fitness Instructor
Activ8 Programme Format
1.
2.
3.
4.
5.
6.

In your opinion what went well with the programme you ran with Paula?
What ĚŝĚŶ͛ƚǁŽƌŬ
well?
In your opinion what were the most valuable components of the programme?
Would you suggest any changes?
How did you feel about working with a HSE Physiotherapist?
Do you think running this programme is feasible within your working day?
Programme Impact

7.
8.
9.
10.

Do you feel the programme met the needs of the patients referred?
What impact do you feel, if any, did the programme have on participants?
Do you feel the patients benefited from the programme?
Were the any potential disadvantages?
Implementation in Primary Care

11. In your opinion, how relevant is an exercise and education programme for patients with
multiple chronic conditions in primary care?
12. Would you feel it would be feasible going forward for HSE physiotherapists to run a group
exercise and education programme with a DLR Fitness Instructor in a DLR Gym?
13. Do you think a programme like this could be successfully integrated /rolled out in other DLR
gyms?
14. What would be the facilitators to this inter-agency programme?
15. What would be the barriers to this inter-agency programme?
16. How do you feel this programme would fit in with other services currently provided to
patients?
17. Would you want to continue providing this programme to patients with multimorbidity as part
of your work schedule after the Activ8 study?
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Activ8 Focus Group Topic Guide
Purpose
You have been asked to join this focus group because of your participation in the group over
the last six weeks. I am interested in your opinions about how the group worked, the way it was
set up, what they covered and what impact if any the group had on you.
This is just a conversation. We really value your opinions and views and we are interested in all
your ideas, comments and suggestions. There are no right and wrong answers, we want both
positive and negative comments so that we can improve the programme for other people doing
it in future.
Just for the basis of being clear when I listen back to the recording could we go around the
room and could everyone state their name and the general area in which you are living:

Procedure
If at anytime you want to stop please let me know. This discussion should take about 30
minutes. Although we will audiotape the interview, your identity will never be revealed, or
connected in any way to your comments. Danni and I may make notes during the conversation.
While we may report quotes collected during this interview, at no time will we connect those
comments with any individual. No one except the research team will listen to the tape. The
Physio & Fitness Instructors who ran the programme will not be listening to the tapes and will
never be aware of who said what during this discussion. Let me know if you would like to skip a
question because you don’t know how to respond to it
What ways do you like to exercise?
a. In a gym? Outdoors? Alone? In a group?
b. With support? Independently?

>Ğƚ͛ƐƚƵƌŶƚŽƚŚĞĚĞƐŝŐŶĂŶĚƐƚƌƵĐƚƵƌĞŽĨƚŚĞ
Programme design
1. Did the duration of the group suit you? Once a week for 90minutes? Too much /too little?
2. How did you feel about the number in the group? Too many /too few?
3. Given that when you are referred for Physiotherapy it would typically take place in a
Physiotherapy Department, how did you feel about coming to a gym?
4. What were your expectations of the programme?
5. Was it acceptable to you to attend a gym?
6. Was it practical for you to attend a gym?
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7. Can you think of the positive aspects of completing an exercise and education programme in a
gym?
8. Can you think of the negative aspects of completing an exercise and education programme in a
gym?
9. How did you feel about a Physiotherapist and Fitness Instructor working together?
About the education component of the programme
Programme Education
10. What were your opinions of the topics covered in the group?
Which ones were most helpful?
Which ones were least helpful?
11. Did you find the handouts useful?
12. What tools if any did you find useful for motivation? Exercise Diary?
13. I might go around the room and ask how many here have access to the internet or have a
smart phone?
Let’s discuss how the programme affected you, if at all over the past few weeks

Impact of Programme
14. Did the programme make any difference in your confidence around exercise?
15. Did the programme make any difference in your confidence around daily living?
16. Do you think the impact if any will last now the programme is ending?
Opinions on programme
17. What did you enjoy most about the programme?
18. What aspect of the programme could be improved? /What would you change about the
programme?
19. What are your thoughts on the name of the programme? Activ8?
20. Would you recommend this programme to others with multiple long term conditions?
21. Do you think you will be able to continue to exercise consistently now having finished the
programme? Yes /No
Thank you very much for your time and participation
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