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Chapter 1: Introduction 
 

Since December 2019, a novel strain of coronavirus disease commonly known as COVID-19, was identified in the city of 

Wuhan in the Hubei province of China. This SARS (severe acute respiratory syndrome)-CoV-2 virus has spread globally and 

continues to cause huge disruption and strain on healthcare services, societal life and the economies all over the world. 

The timeline of COVID-19 in Ireland has been described in Figure 1.  

  

 
 

Figure 1: COVID-19 Timeline 

 

The National Office of Clinical Audit set up a short-life working group to look at the impact of coronavirus disease 2019 

(“COVID-19”) on the National Audit of Hospital Mortality (NAHM).  This report summarises an assessment of patient 

outcomes of people admitted to hospital with COVID-19.  The aim of the study is to assess differences in patient outcomes 

by age, primary diagnosis, secondary diagnoses and other factors, for in-patient discharges from 1st March to 30th 

September 2020.  

 

1.1 Scope of Review 
 

The primary focus of the review is an assessment of the factors contributing to death and/or the severity of illness amongst 

in-patients with COVID-19 during the first wave of the disease in Ireland.  Some additional areas of interest are examined 

including:  

 How many patients went to ICU:  At what stage of admission did they go to ICU, day two, three etc.  (Suitable 

proxies including dates associated with relevant procedure codes was used in the absence of accurate recording 

of ICU timing in HIPE). 

 Outcomes for patients whose principal diagnosis was not COVID-19 related (for example – hip fracture).   

 Whether factors contributing to the severity of illness might differ amongst younger patients. 

 Whether patients were admitted from the community or transferred from nursing home. 

 

The study is based on data from the Hospital In-Patient Enquiry (HIPE) only.  HIPE is a health information system designed 

to collect demographic, clinical and administrative information on discharges and deaths from acute hospitals nationally. 

Clinical information is coded using ICD-10-AM, the International Statistical Classification of Diseases and Related Health 

Problems, Tenth Revision, Australian Modification.  
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Chapter 2: Methodology  
 

The approach to identifying characteristics associated with poor outcomes (severe illness and/or death) broadly followed 

the approach set out in a New York City study of COVID-19 first published in May 2020 (Petrilli et al (2020), referred to in 

this report as “NYC study” to the extent that the HIPE dataset facilitated measurement of the same factors.  The NYC study 

describes seriously ill patients as patients who had “critical illness” in this study these patients are referred to as having 

had “severe illness”.  The rationale for following a prior study was to enable a comparison of findings, including overall 

mortality rates and odds ratios associated with different predictors.   In addition, this study focused on additional areas of 

interest, including the four questions outlined in section 1.1. 

 

2.1 Study cohort 

 

The patients included in the study are those satisfying the following two conditions: 

• Recorded as having tested positive for COVID-19 (hai_covid19=1) 

• Admitted as an in-patient or subsequently testing positive for COVID-19. 

 

A flag “hai_covid19” was included within the data extract.  This field is coded 1 if the HIPE record contained either 

diagnostic code U071 (COVID-19 confirmed by laboratory testing) or U072 (clinically diagnosed COVID-19), and 0 

otherwise.  COVID-19 patients with only day-case activity were excluded.  Six patients were excluded on this basis (four 

receiving cancer day-case treatment, two receiving management of venous catheter). 

 

2.2 Identification of the same patient across multiple hospitals 

 

The medical record number assigned to an individual hospital admission in HIPE is unique to that patient’s experience 

within the same hospital.  A patient with a history of admissions to more than one hospital may be represented by multiple 

medical record numbers, each one particular to an individual hospital. 

 

In order to correctly measure rates of severe illness and death amongst COVID-19 patients, it is important to de-duplicate 

the data so that the experience of unique individuals is represented.  If this step is not carried out there is a risk of 

understating the mortality rate (deaths/cases) by overstating the number of cases.  

  

Data on transfers of patients between hospitals was used to identify the same patient across multiple hospitals.  Where 

both the issuing and receiving hospital record the transfer, a match can be found based on identical age, sex and date of 

transfer records.  The identified matches were checked to ensure that where a transfer occurred, that no other patient of 

the same age and sex was transferred between the same hospitals on the same dates. The Limerick and Cork hospital 

groups each use common medical record numbers across all hospitals in their group, which makes the de-duplication 

process easier. 

 

The effect of the de-duplication exercise was to reduce the patient set from 4,899 medical record numbers to 4,620 

patients, or 4,614 excluding day-case only patients.  It is possible that the number of unique patients is still lower than 

4,614 included in this study, since patients may have attended multiple hospitals without a transfer occurring. 
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2.3 Main Outcomes 
 

Two outcomes were measured: 

 

a) Discharge to hospice or died. 

b) Severe illness, defined as care in an intensive unit or use of mechanical ventilation or discharge to hospice or died. 

 

Outcomes were assessed across all admissions including and subsequent to the admission containing the first COVID-19 

positive diagnosis.  For patients with multiple visits (including transfers between hospitals), the most severe outcome was 

assigned.   

 

A patient was considered to have received care in an intensive unit if either: 

• The number of nights recorded in an ICU unit was greater than zero, OR 

• One or more ICU consultants were recorded. 

 

A patient was considered to have had mechanical ventilation applied if one or more of the following ICD-10-AM procedure 

codes was recorded: 

 

Table 1: Mechanical Ventilation codes 

 

  
 

Of 4,614 patients included in the study: 

 1,443 were classified as having suffered severe illness (3,171 were discharged without severe illness) 

 Within the severely ill patients, 822 died or were discharged to hospice (621 were discharged alive). 

 

2.4 Predictors 
 

HIPE data contains demographic, administrative and clinical data associated with each completed hospital admission.  

Using the encrypted medical record number, a patient’s prior experience (at least in the same hospital) can be extracted 

to assemble a view of co-morbidities and chronic conditions.   

 

An initial set of potential predictors was created using the NYC study as a guide.  Where HIPE data did not capture certain 

data items (e.g. laboratory results), proxies were used.  Two additional predictors, not included in the NYC study, were 

explored – transfer from nursing home and hospital-acquired COVID-19.   

 

 

 

ICD-10-AM Block Title

1388200 569 Management of continuous ventilatory support, <= 24 hours

1388201 569 Management of continuous ventilatory support, more than 24 hours and less than 96 hours

1388202 569 Management of continuous ventilatory support, 96 hours or more

9220900 570 Management of noninvasive ventilatory support, <= 24 hours

9220901 570 Management of noninvasive ventilatory support, > 24 and < 96 hours

9220902 570 Management of noninvasive ventilatory support, >= 96 hours
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Table 2:  Predictors considered in models 

Predictor Included in 
NY study 

Definition Comment 

Weeks since 1 March Yes Number of weeks from 1st March 2020 to 
first COVID-19 admission.  For patients 
admitted prior to March 2020, this was set 
to zero. 

Risk of severe illness 
and death declined as 
the study period 
progressed. 

Age in excess of 18 
years (numeric) Age band 

Age at first COVID-19 admission – 18, or 
zero if aged under 18. 

Age-bands were 
explored, however 
created multi-
collinearity issues, 
hence this alternative 
approach. 

Paediatric Age at first COVID-19 admission <18 years 

Male Yes Sex=1 

Hospital-acquired 
COVID-19 

No hai_all_hadx_diagnosis includes either 
U071 or U072 

Transfer from nursing 
home 

No Source_of_admission=2 on any admission 
on or after first COVID-19 admission. 

Obesity Yes One or more of diagnostic codes (E66 E660 
E661 E662 E668 E669 E6610 E6611 E6612 
E6613 E6620 E6621 E6622 E6623 E6690 
E6691 E6692 E6693 U781) on any 
admission including pre-covid. 

Coronary artery 
disease 

Yes CCS 101 Coronary atherosclerosis or 104 
Heart disease other on any admission 
including pre-covid. 

Heart failure Yes CCS 108 Congestive heart failure on any 
admission including pre-covid. 

Hyperlipidemia Yes One or more of diagnostic codes (E782 
E784 E785 T466) on any admission 
including pre-covid. 

Hypertension Yes One or more of diagnostic codes (G932 I10 
I11  I110 I119 I12  I120 I13  I139 I15  I150 
I151 I152 I158 I159 I270 I272 I674 K766 
O16  P292 T465 Y525 U823) OR CCS 99 
Hypertension - complication on any 
admission including pre-covid. 

Diabetes Yes CCS 901 to 906 – Diabetes Type 1 / Type 2, 
with or without complication, on any 
admission including pre-covid. 

Asthma or chronic 
obstructive 
pulmonary disease 

Yes CCS 127 COPD & bronchiectasis or CCS 128 
Asthma on any admission including pre-
covid. 

Chronic kidney 
disease 

Yes CCS 158 Renal failure chronic on any 
admission including pre-covid. 
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Predictor Included in 
NY study 

Definition Comment 

Cancer Yes One or more of CCS 11 to 46 malignant 
cancer during or in the 6 months prior to 
COVID-19 admissions. 

Restricted to current 
or within last 6 
months. 

Severe Infection Temperature 
on 

presentation 

Primary diagnosis on first COVID-19 
admission is: 

 Sepsis (CCS 1 to 10, 623 to 624) OR  

 CCS 122 Pneumonia - non TB/STD 

This is a proxy in lieu 
of recording of 
temperature on 
presentation. 

Oxygen on admission Oxygen 
saturation 

on 
presentation 

Procedures relating to Hyperbaric oxygen 
therapy, Extracorporeal membrane 
oxygenation or Other oxygen enrichment 
recorded within 24 hours of COVID-19 
admission. 

This is a proxy in lieu 
of recording of oxygen 
saturation on 
presentation. 

 

A number of other predictors included in the NYC study were not examined in this study as the data was not available: 

 

 Race/ethnicity 

 Smoking status (some data on HIPE but not comprehensively recorded) 

 Laboratory results (lymphocyte count, creatinine, C reactive protein, D-dimer, ferritin, procalcitonin, troponin). 

 

2.5 Statistical Analysis 
 

Descriptive analyses focusing on the two main outcome variables (death and severe illness) were performed, the results 

of which are presented in chapters 3, 4 and 5. 

 

Two models were fitted: 

• A multivariable logistic regression model with severe Illness as the outcome to identify factors associated with 

severe illness.  This is referred to as the “Severe Illness” model below. 

• A Cox Proportional Hazards model to identify factors associated with survival times (discharged alive) from first 

positive test result.  This is referred to as the “Survival” model below. 

Data extraction, preparation, model fitting and evaluation were carried out using R, version 3.6.0. 

 

Severe Illness Model 

The type of model fitted was a multivariable logistic regression model.  This is a classification model that can be used to 

understand the factors associated with a binary outcome.  In this case the binary outcome considers whether the patient 

experienced Severe Illness (defined as care in an intensive unit or use of mechanical ventilation or discharge to hospice or 

died) or no severe Illness (discharged alive without stay in ICU or mechanical ventilation) (see Appendix 1 for more 

information). 

 

Survival Model 

The type of model fitted was a Cox Proportional Hazards model.  The model was fitted in R using function coxph() from 

package “survival”.   
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This type of model considers the time to an “event” and is useful in mortality studies where data may be censored – in 

other words where the observation of individuals may be incomplete.  In this study, the “event” of interest is death or 

discharge to hospice.   

 

The NYC study fitted a “competing risks” model to evaluate mortality outcomes, including patients still in hospital.  In this 

study we do not have data on patients that are still in hospital (since HIPE reports only on completed admissions), and so 

the Cox-PH model was chosen as a simpler form of survival model (see Appendix 1 for more information). The results of 

both models are presented in chapter 6. 

 

2.6 Limitations of Analysis 
 

The main limitations of the analysis are: 

o Laboratory results were not available at the time of this study, hence certain factors that were found to 

be important indicators of poor outcomes in the NYC study could not be tested here. 

o The lack of a national unique patient identifier creates uncertainty around tracing patient history across 

multiple hospitals, and de-duplicating the observations. 

o It is likely that the 4% obesity reported in this study is an underestimate of the true proportion of obese 

patients as the weight of patients is not routinely captured by HIPE. 

The NYC study noted a potential limitation around changing testing thresholds over time which may have affected the 

proportion of infected patients that were identified as having COVID-19 in each week.  Similar issues may have affected 

this study – it is a possibility that testing protocols varied by hospital, specialty, or over time.    

 

As with the NYC study, the assignment of patients to outcomes may be imperfect, and we may not always know the final 

outcome for each patient. There were 139 patients who had a final discharge code of type 3 or 4, indicating transfer to 

another hospital.  Of these, 54 were transferred to care settings that do not record data in HIPE (21 to private or “other” 

hospitals, 33 to COVID-19 intermediate care facilities).  The remaining 85 patients were recorded as transferred to 

hospitals using HIPE, and may be still in those hospitals.  
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Chapter 3: Profile of COVID-19 in-patients  
 

In the period March – September 2020, 4614 patients in hospital tested positive for COVID-19. There was a peak in the 

number of COVID-19 positive patients in March and April 2020, with COVID-19 severely ill patients and COVID-19 deaths 

peaking during this time period also. By July 2020 the numbers had reduced exponentially, with small increases appearing 

again in September 2020 (Figure 2). More men (n=2513, 55%) than women (n=2101, 45%) tested positive for the virus 

during the reporting period (Figure 3). 

Over the reporting period 15% (n=697) of patients acquired the virus in hospital. The largest proportion of patients with 

hospital acquired COVID-19 was recorded in March 2020 at the start of the pandemic, when 26% (n-= 441) were hospital 

acquired, this gradually reduced over the subsequent six months (Figure 4).  

The median age of the study population was 65 years.  This was slightly higher for those first admitted with COVID-19 in 

the earlier months (March-May median age 66 years) compared to the later months (June-September median age 57 

years).  People aged 55 years or over made up the majority of the COVID-19 cases (n=3059, 66%) (Figure 5).  

Almost 54% (53.6%) of the study population (and 72% of those experiencing severe illness) had one or more co-morbidity. 

Almost one third (n=1454, 32%) of the COVID-19 patients had an indicator of severe infection (pneumonia or sepsis), while 

23% (n=1068) were recorded has having hypertension and 20% (n=926) recorded as having diabetes (Figure 6). 

Furthermore 10% (n=454) of the COVID-19 patients were admitted to hospital from a nursing home during the period 

under review. 

 

 

Figure 2: Monthly number of COVID-19 in-patients (March 2020-September 2020) (n=4614) 
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Figure 3: Sex of COVID-19 in-patients (March 2020-September 2020) (n=4614) 

 

 

 

Figure 4: The location in which COVID-19 was acquired - community or hospital (March 2020-September 2020) (n=4614) 
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Figure 5: The age distribution of COVID-19 in-patients (March 2020-September 2020) (n=4614) 

 

 
 

Figure 6: The comorbidities of COVID-19 in-patients (March 2020-September 2020) (n=4614)1 

 

                                                             
1 Total percentage is greater than 100% as a patient may have had more than one comorbidity and therefore will be counted twice 
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Chapter 4: Profile of COVID-19 in-patients who died 
 

Of the 4,614 patients in this study, 822 (18%) subsequently died. There was a peak in the number of COVID-19 deaths in 

March and April 2020. By July 2020 the number of deaths had reduced, with small increases appearing again in September 

2020 (Figure 7). Almost one quarter (n=195) of the COVID-19 patients who died had acquired the virus in hospital. Almost 

one fifth of male COVID-19 patients died (n=492, 19%) compared to 16% of female COVID-19 patients (n=330) during the 

reporting period (Figure 8).  

The median age of the COVID-19 in-patients who died was 79 years. The vast majority of COVID-19 deaths occurred in 

patients aged 65 years or over (n=704, 88%). In their September 30th report on the epidemiology of COVID-19 in Ireland, 

the Health Protection Surveillance Centre Research (HSPC, 2020) reported that between 11th March 2020 and 28th 

September 2020 almost 93% of confirmed COVID-19 deaths occurred in the over 65 year age group.  The HSPC recorded 

a median age of death for confirmed COVID-19 cases as 83 years. The difference between the age of death reported by 

the HSPC and the age reported here is most likely due to the high proportion of COVID-19 deaths which occurred in 

residential care and nursing home settings– these are not captured in this study. 

As noted in chapter 6, age is the main risk factor associated with death. Figure 9 shows that 42% (n=247) of COVID-19 

patients aged 85 years or over died; compared to only 2% (n=14) of COVID-19 patients aged 19-44 years. The vast majority 

of COVID-19 deaths occurred in patients aged 65 years or over (n=704, 88%) (Figure 9).  

 

 

Figure 7: Number of COVID-19 in-patients who died by month (n=822) 
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Figure 8: Sex of COVID-19 in-patients by survival status (March 2020-September 2020) (n=4614) 

 

 

Figure 9: Age of COVID-19 in-patients by survival status (March 2020-September 2020) (n=4614) 
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Chapter 5: Profile of COVID-19 in-patients who were severely ill 
 

Of the 4,614 patients in this study 1,443 (32%) were severely ill. There was a peak in the number of COVID-19 cases who 

were severely ill in March and April 2020. By July 2020 the numbers had reduced exponentially, with small increases 

appearing again in September 2020 (Figure 10). More than one third of male COVID-19 patients had severe illness (n=894, 

36%) compared to 26% (n=549) of female COVID-19 patients (Figure 11).   

People aged 65 years or over made up the majority of the severely ill COVID-19 in-patients (n=949, 66%) (Figure 12). 

Furthermore 57% (n=822) of the severely ill COVID-19 cohort died; with age playing an influencing factor, for example 

93% (n=248) of severely ill COVID-19 patients aged 85 years or over died compared to only 14% (n=15) of COVID-19 

patients aged 19-44 years (Figure 13). 

 

Figure 10: Number of COVID-19 in-patients who were severely ill by month of admissions (n=1443) 

 

 

Figure 11: Sex of COVID-19 in-patients who were severely ill (March 2020-September 2020) (n=4614)  
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Figure 12: Percentage of COVID-19 in-patients who were severely ill by Age (March 2020-September 2020) (n=4614) 

 

 

Figure 13: Percentage of COVID-19 in-patients who were severely ill by Age and Survival status (March 2020-September 

2020) (n=1443) 
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Chapter 6: Predictors of mortality and severe illness in COVID-19 in-patients 
 

Mortality (which includes discharges to hospice), at 18% (822 out of 4,614 patients) is lower than the equivalent proportion 

of 26% observed in the NYC study (665 deaths out of 2,569 discharges), however the NYC study covered March to May 

only.     

The proportion of admitted patients that experienced severe illness, at 31% (1,443 out of 4,614 patients) is also slightly 

lower than the NYC study (36%), and both studies found that severe illness rates are declining over time. 

Table 3:  Characteristics of study population 

Characteristics 
Overall 

(n=4,614) 
Severe Illness 

(n=1,443) 

Died or 
discharged to 

hospice (n=822) 

Month of (first) 
positive test 

March 1,730 (37.5%) 609 (42.2%) 352 (42.8%) 

April 1,932 (41.9%) 632 (43.8%) 350 (42.6%) 

May 542 (11.7%) 136 (9.4%) 85 (10.3%) 

June 98 (2.1%) * ~ 

July 47 (1.0%) ~ ~ 

August 109 (2.4%) 18 (1.2%) ~ 

September 156 (3.4%) 26 (1.8%) 17 (2.1%) 

Age (years) 

0-18 75 (1.6%) ~ ~ 

19-44 831 (18.0%) * * 

45-54 649 (14.1%) 156 (10.8%) 23 (2.8%) 

55-64 721 (15.6%) 219 (15.2%) 68 (8.3%) 

65-74 810 (17.6%) 301 (20.9%) 170 (20.7%) 

75-84 939 (20.4%) 380 (26.3%) 297 (36.1%) 

85+ 589 (12.8%) 268 (18.6%) 248 (30.2%) 

Male   2,515 (54.5%) 895 (62.0%) 493 (60.0%) 

Hospital-acquired 697 (15.1%) 293 (20.3%) 195 (23.7%) 

Transfer from Nursing home 454 (9.8%) 200 (13.9%) 178 (21.7%) 

Coronary artery disease 617 (13.4%) 277 (19.2%) 187 (22.7%) 

Heart failure   499 (10.8%) 275 (19.1%) 204 (24.8%) 

Hyperlipidemia   38 (0.8%) 14 (1.0%) ~ 

Hypertension   1,068 (23.1%) 490 (34.0%) 297 (36.1%) 

Diabetes   926 (20.1%) 387 (26.8%) 216 (26.3%) 

Asthma or 
COPD   747 (16.2%) 310 (21.5%) 198 (24.1%) 

Chronic kidney disease 524 (11.4%) 262 (18.2%) 202 (24.6%) 

Cancer   434 (9.4%) 211 (14.6%) 159 (19.3%) 

Obesity   190 (4.1%) 106 (7.3%) 30 (3.6%) 

 

~ Denotes 10 or fewer patients  

* Further suppression is necessary to ensure that cells with 10 or fewer cases are not disclosed 
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6.1 Severe Illness model 
The results of the logistic regression model for severe Illness are shown below.  The factors most strongly associated with 

a COVID-19 patient experiencing severe illness were found to be Age and severe infection (indicated by primary diagnosis 

pneumonia or sepsis).   The odds ratio increases by 2% for each year of age in excess of 18 years, so that the odds ratio 

for a 75-year old (relative to an 18-year old) is 3.14. 

In addition, male sex and factors associated with co-morbidities heart failure, hypertension, cancer, and obesity were 

found to significantly increase the risk of severe illness.  Patients with hospital-acquired COVID-19 were found to be at 

greater risk of severe illness, compared to patients with community-acquired COVID-19 (odds ratio 1.75). 

Risk of severe illness declined as the study period progressed, with the odds ratio decreasing by 4% for each week post 

1st March 2020.   

Table 4:  Multivariable logistic regression results for risk of severe Illness among inpatients with COVID-19 

  

Comparison with NYC findings:  

The NYC study (logistic regression including laboratory results) found a steeper decline in odds ratio with each subsequent 

week, albeit over a much shorter time period of March to May.  The odds ratios for age, sex, heart failure, hypertension 

above were broadly similar with the NYC study.     

The effect of Cancer is slightly more pronounced in these results (odds ratio 2.14 compared to 1.68 in NYC study), however 

we have restricted cancer to current or within last 6 months.   

The effect of obesity is again stronger in these results, however we note that only 4% of COVID-19 patients in our study 

were recorded as obese compared to 35% of NYC patients having BMI>=30. It is likely that the 4% reported above is an 

underestimate of the true proportion of obese patients as the weight of patients is not routinely captured by HIPE. The 

Healthcare Pricing Office have provided the following commentary on the coding of obesity: 

HIPE is an administrative data set that collects activity data on individual episodes of care for patients. Only conditions 

directly related to the current episode of care and clearly documented as such will be collected. HIPE coding reports 

principal and additional diagnosis codes in accordance with Australian Coding Standards (ACS) and where clinical 

documentation supports the assignment of codes.   The weight of a patient is not routinely captured by HIPE, nor are 

Obesity or overweight (whether specifically documented or documented as a BMI value). These will be collected only where 

it is documented as meeting the criteria in Australian Coding Standard (ACS) 0001 Principal diagnosis or ACS 0002 

Characteristics

Odds ratio (95% 

confidence 

interval) P value Interpretation

Number of weeks since 1st 

March 2020 0.96 (0.94 to 0.97)
<0.001

 Odds decrease by 0.04 for 

each week post 1 March 

Age in excess of 18 (years)
1.02 (1.02 to 1.02)

<0.001
 Odds increase by 0.02 for 

each year of age over 18 

Male 1.37 (1.18 to 1.58) <0.001

Obesity 2.63 (1.87 to 3.70) <0.001

Heart failure 1.82 (1.45 to 2.28) <0.001

Hypertension 1.49 (1.26 to 1.77) <0.001

Cancer 2.14 (1.69 to 2.69) <0.001

Infection 3.63 (3.10 to 4.24) <0.001

Hospital-acquired covid-19 1.75 (1.43 to 2.15) <0.001
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Additional diagnosis.  In order for a condition to be coded as an additional diagnosis it must meet the following criteria as 

set out in ACS 0002 Additional Diagnosis 

“For coding purposes, additional diagnoses should be interpreted as conditions that affect patient management in terms 

of requiring any of the following: 

• Commencement, alteration or adjustment of therapeutic treatment 
• Diagnostic procedures 
• Increased clinical care and/or monitoring” 
 
The effect of predictor “Severe Infection” above (primary diagnosis sepsis or pneumonia) is quite strong and is difficult to 

draw a comparison to the NYC study, which used a range of laboratory results which on the whole were found to be 

significant predictors of severe illness.  

6.2 Survival model 
The results of the survival model (for time to death / discharge to hospice) are shown below.  The factors most strongly 

associated with mortality amongst COVID-19 patients were Age and Severe Infection (indicated by primary diagnosis 

pneumonia or sepsis).   The hazard ratio increases by 5% for each year of age in excess of 18 years, so that the hazard ratio 

for a 75-year old (relative to an 18-year old) is 15.05. 

In addition, factors associated with male sex and co-morbidities coronary artery disease, cancer, and chronic kidney 

disease were found to significantly increase the risk of mortality.  Patients admitted from a nursing home were found to 

be at greater risk of death/discharge to hospice (hazard ratio 1.70), compared to patients admitted from other source. 

Table 5: Cox Proportional Hazard results for risk of mortality among inpatients with COVID-19 

  

Comparison with NY findings:  

The fitted parameters in this study are closer to the NYC competing risk model that excluded vital signs and laboratory 

results (vs a second NYC model that included vital signs and laboratory results).  The NYC study found a decline in hazard 

ratio with each subsequent week, which was not found to be as significant in this study.  

The hazard ratios associated with age, sex, coronary artery disease and chronic kidney disease above were broadly similar 

with the NYC study. The effect of Cancer is slightly more pronounced in these results (hazard ratio 1.69 compared to 1.31 

in NYC study), however we have restricted cancer to current or within last 6 months.  The effect of predictor “Severe 

Infection” above (primary diagnosis sepsis or pneumonia) is quite strong and is not included in the NYC competing risk 

model that excluded vital signs and laboratory results.     

Characteristics

Hazard ratio (95% 

confidence 

interval) P value Interpretation

Age in excess of 18 (years)
1.05 (1.04 to 1.06)

<0.001
 Hazard increases by 0.05 for 

each year of age over 18 

Male 1.20 (1.03 to 1.39) 0.020

Admission from Nursing Home 1.70 (1.42 to 2.03) <0.001

Infection 2.09 (1.80 to 2.41) <0.001

Coronary artery disease 1.24 (1.04 to 1.48) 0.016

Cancer 1.69 (1.40 to 2.03) <0.001

Chronic kidney disease 1.23 (1.03 to 1.46) 0.022
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Chapter 7: Additional Areas of Interest 
 

7.1 Patients admitted to ICU 
 

Additional analysis was conducted on counts of patients admitted to ICU, and at what stage of admission such patients go 

to ICU.  There were 628 patients in this study who spent one or more nights in ICU recorded (HIPE field 

“itu_length_of_stay”), or an ICU consultant code recorded (HIPE field “icu_consultant”). 

Of the 628 patients that recorded one or more nights in ICU, the median length of stay was 9 days (inter-quartile range 4 

– 20 days). It is not possible to discern from field “itu_length_of_stay” at what stage of admission the patient was 

transferred to ICU.  However, dates on which procedures are carried out are recorded in HIPE and so we can report on the 

number of days post-admission on which mechanical ventilation was first recorded. 

 

Figure 14:  Patients admitted to ICU or requiring mechanical ventilation 

As noted in the diagram above 427 patients had mechanical ventilation applied and some evidence of ICU stay (itu days 

or icu_consultant).  Of these, 66 patients were noted as having hospital-acquired COVID-19, making the date of admission 

less relevant for analysis of mechanical ventilation.  Once the patients with hospital-acquired COVID-19 are excluded, we 

have 361 patients with mechanical ventilation and some evidence of ICU stay.  The number of days post-admission on 

which mechanical ventilation was first applied is tabulated below (median 1 day). 
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Table 6:  Stage of admission at which mechanical ventilation used 

Number of days 
post admission Count Percentage 

0 135 39.6% 

1 76 22.3% 

2 39 11.4% 

3 32 9.4% 

4 17 5.0% 

5 14 4.1% 

6 ~ ~ 

7 * * 

>=8 28 8.2% 

Total 341   
~ Denotes 10 or fewer patients  

* Further suppression is necessary to ensure that cells with 10 or fewer cases are not disclosed 

 

7.2 Primary diagnosis not associated with COVID-19 
 
Additional analysis was conducted on in-patients whose principal diagnosis was not COVID-related.  The example 

discussed was hip-fracture patients, defined as: 

Primary diagnosis CCS 226 Fracture neck of femur; OR 

Hip fracture surgery recorded (Procedure codes 4753100, 4752800, 4752801 or 4752200). 

There were 64 COVID-19 in-patients meeting these criteria, of which 56 had primary diagnosis CCS 226 Fracture neck of 

femur and 12 had other primary diagnoses or fracture of lower limb. 

Hospital-acquired COVID-19 

Of the 64 patients 31 (or 48.4%) had hospital-acquired COVID-19 recorded.  This is much higher than the rate of 15.1% for 

hospital-acquired COVID-19 across the entire study. The patients with hospital-acquired COVID-19 were admitted on dates 

between 28th November 2019 and 18th May 2020 (median 11th March 2020). 

Admitted from nursing home 

A subset of 14 patients had been admitted from a nursing home. 

Severe Illness 

Of the 64 patients, 16 (or 25.0%) experienced severe illness.  This is lower than the observed severe illness rate of 31.3% 

across the entire study.  The severe Illness model, fitted to these 64 patients, results in an average predicted risk of 33.0%, 

driven by their older age profile (median age 83.5 years).  

Death or discharge to hospice 

Out of the 64 patients 14 (or 21.9%) died.  None were discharged to a hospice.  The observed mortality rate is higher than 

the overall mortality rate of 17.8% across the entire study, however again this is reflective of the older age profile.   
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The impact on the survival model of an additional predictor indicating a hip fracture was tested.  The fitted hazard ratio 

for patients with hip fractures was 0.85 indicating that the risk of death is lower for a hip fracture patient than for a non-

hip fracture patient with the same age, sex and co-morbidities.  However the confidence interval around the hazard ratio 

is quite wide (95% confidence interval 0.50 to 1.45) so this result should not be considered conclusive.  

7.3 Younger patients 
 
Seventy-one COVID-19 patients were aged 17 years or younger.  Of these, 20 were aged 0 years, 36 were aged between 

1 and 15 years, and 15 were aged 16-17 years.  

Sixty-one patients were discharged alive without severe illness, 10 were discharged following severe illness. 

Severe Illness  

Of the 71 younger patients, 10 (or 14.1%) experienced severe illness.  This is lower than the observed severe illness rate 

of 31.3% across the entire study.  The severe Illness model, fitted to these 71 patients, results in an average predicted risk 

of only 7.9%, driven by the younger age profile and fewer co-morbidities amongst this group. Therefore the observed rate 

of severe illness is almost twice that expected.   

The number of young patients who died was very small and due to the possibility of identifying individual patients from 

this study, these numbers have been redacted. 

Additional data sources, including laboratory test results, may be useful to explain the higher-than-expected rate of severe 

illness amongst younger patients.  

7.4 Admissions from nursing home 
  
There were 454 patients who were admitted from a nursing home, of which 200 suffered severe illness and 178 died.   

The characteristics of patients admitted from a nursing home are set out in Table 7 below.  Admissions from nursing homes 

peaked in April 2020.  The age profile of patients admitted from nursing home is much older (median age 81), and they 

had a higher incidence of cardiovascular, respiratory and renal co-morbidities, but a lower incidence of cancer.  Incidence 

of hospital-acquired COVID-19 is lower amongst patients admitted from nursing homes (9.0%), compared to patients 

admitted from other sources (15.8%). 
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Table 7: Characteristics of patients admitted from nursing home 

 

Characteristics 

Patients admitted from Nursing Home 
Patients not admitted from Nursing 

Home 

Overall 
(n=454) 

Severe 
Illness 

(n=200) 

Died or 
discharged 
to hospice 

(n=178) 
Overall 

(n=4,160) 

Severe 
Illness 

(n=1,243) 

Died or 
discharged 
to hospice 

(n=644) 

Month of 
(first) 

positive 
test 

March 79 (17.4%) 46 (23.0%) 40 (22.5%) 
1,651 

(39.7%) 563 (45.3%) 312 (48.4%) 

April 265 (58.4%) 116 (58.0%) 106 (59.6%) 
1,667 

(40.1%) 516 (41.5%) 244 (37.9%) 

May 85 (18.7%) 29 (14.5%) 25 (14.0%) 457 (11.0%) 107 (8.6%) 60 (9.3%) 

June 12 (2.6%) ~ ~ 86 (2.1%) ~ ~ 

July ~ 0 (0.0%) 0 (0.0%) 45 (1.1%) ~ ~ 

August ~ ~ ~ 105 (2.5%) 17 (1.4%) ~ 

September ~ ~ ~ 149 (3.6%) 22 (1.8%) 14 (2.2%) 

Age (years) 

0-18 0 (0.0%) 0 (0.0%) 0 (0.0%) 75 (1.8%) ~ ~ 

19-44 ~ ~ ~ 825 (19.8%) * * 

45-54 19 (4.2%) ~ ~ 630 (15.1%) 150 (12.1%) 21 (3.3%) 

55-64 28 (6.2%) ~ ~ 693 (16.7%) 210 (16.9%) 60 (9.3%) 

65-74 82 (18.1%) 42 (21.0%) 34 (19.1%) 728 (17.5%) 259 (20.8%) 136 (21.1%) 

75-84 171 (37.7%) 68 (34.0%) 62 (34.8%) 768 (18.5%) 312 (25.1%) 235 (36.5%) 

85+ 148 (32.6%) 73 (36.5%) 70 (39.3%) 441 (10.6%) 195 (15.7%) 178 (27.6%) 

Male   249 (54.8%) 115 (57.5%) 102 (57.3%) 
2,266 

(54.5%) 780 (62.8%) 391 (60.7%) 

Hospital-acquired 41 (9.0%) 17 (8.5%) 12 (6.7%) 656 (15.8%) 276 (22.2%) 183 (28.4%) 

Coronary artery disease 72 (15.9%) 36 (18.0%) 33 (18.5%) 545 (13.1%) 241 (19.4%) 154 (23.9%) 

Heart 
failure   92 (20.3%) 46 (23.0%) 41 (23.0%) 407 (9.8%) 229 (18.4%) 163 (25.3%) 

Hyperlipidemia ~ ~ ~ 31 (0.7%) 11 (0.9%) ~ 

Hypertension 147 (32.4%) 72 (36.0%) 64 (36.0%) 921 (22.1%) 418 (33.6%) 233 (36.2%) 

Diabetes   112 (24.7%) 48 (24.0%) 41 (23.0%) 814 (19.6%) 339 (27.3%) 175 (27.2%) 

Asthma or COPD 100 (22.0%) 48 (24.0%) 40 (22.5%) 647 (15.6%) 262 (21.1%) 158 (24.5%) 

Chronic kidney disease 88 (19.4%) 49 (24.5%) 44 (24.7%) 436 (10.5%) 213 (17.1%) 158 (24.5%) 

Cancer   22 (4.8%) ~ ~ 412 (9.9%) 203 (16.3%) 153 (23.8%) 

Obesity   20 (4.4%) ~ ~ 170 (4.1%) 100 (8.0%) 25 (3.9%) 

 

~ Denotes 10 or fewer patients  

* Further suppression is necessary to ensure that cells with 10 or fewer cases are not disclosed 

 

Severe Illness 

Of the 454 patients admitted from a nursing home 200 (or 44.1%) experienced severe illness.  This is higher than the 

observed severe illness rate of 31.3% across the entire study.  The severe Illness model, fitted to these 454 patients, results 

in an average predicted risk of 39.9%, driven by the older age profile and co-morbidities of these patients.  
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Death or discharge to hospice 

Out of the 454 patients, 178 (or 39.2%) died.  None were discharged to a hospice.  The observed mortality rate is 

significantly higher than the overall mortality rate of 17.8% across the entire study.   

The fitted survival model found admission from nursing home to be a significant factor with a hazard ratio of 1.70, meaning 

that the relative risk of death is 1.7 times higher for patients admitted from a nursing home than for patients admitted 

from other sources, after controlling for the other predictors in the fitted model (age, male, severe infection, coronary 

artery disease, cancer, chronic kidney disease).  It should be noted that admission week was not included in the final fitted 

survival model, and so the hazard ratio of 1.70 for patients admitted from nursing home may partly reflect their 

concentration in the earlier weeks of the study period.  

Conclusion 
 

Of the 4,614 COVID-19 in-patients in the study 822 (18%) died or were discharged to a hospice. The mortality rate during 

the period of the study is significantly higher than the long-run average in-hospital mortality (circa 2%), reflecting the 

severity of the disease.  The vast majority of COVID-19 deaths occurred in patients aged 65 years or over (n=704, 88%). 

The strongest predictors of death among COVID-19 patients were age and indicator of severe infection 

(pneumonia/sepsis).  Other predictors of death among this cohort were coronary artery disease, chronic kidney disease, 

cancer, male sex and admission from a nursing home.  

There were 1,443 (31.2%) patients who experienced severe illness (intensive care or mechanical ventilation or discharge 

to hospice or death).  The strongest predictors of severe illness among COVID-19 patients were age and indicator of severe 

infection (pneumonia/sepsis).  Other predictors were heart failure, hypertension, cancer, obesity, male sex and the 

recording of hospital-acquired COVID-19.  Almost 54% (53.6%) of the study population (and 72.3% of those experiencing 

severe illness) had one or more comorbidity.  

The indicator of severe infection in this study is based on a primary diagnosis of sepsis or pneumonia.   A more robust 

analysis of laboratory results may be useful to explore clinical markers of inflammation, as was carried out by the NYC 

study.  

Admissions from nursing homes peaked in April 2020.  The age profile of patients admitted from nursing home is much 

older (median age 81), and they had a higher incidence of cardiovascular, respiratory and renal co-morbidities, but a lower 

incidence of cancer.  The mortality rate amongst patients admitted from nursing homes was significantly higher (after 

adjusting for age and co-morbidities) than patients admitted from other sources, with a hazard ratio of 1.70 (confidence 

interval 1.42 to 2.03).  

The results of this study highlight the higher risk of dying and severe illness among COVID-19 in-patients aged 65 years or 

over, with the risk increasing with age. 
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Appendix One 

Severe illness model methodology 

The type of model fitted was a multivariable logistic regression model.  This is a classification model that can be used to 

understand the factors associated with a binary outcome.  In this case the binary outcome considers whether the patient 

experienced severe Illness (Severe illness, defined as care in an intensive unit or use of mechanical ventilation or discharge 

to hospice or died) or no severe Illness (discharged alive without stay in ICU or mechanical ventilation). 

Data representing a random sample of 90% of patients (or 4,152 patients) were used to train the model, with the 

remaining 10% of patients (or 462 patients) used to test the fitted model.  

An initial model was fitted using all predictors set out in Table 2:  Predictors considered in models.  To avoid over-fitting 

the model, individual predictors that did not contribute significantly to the model (as measured using the Bayesian 

information criterion) were iteratively dropped until an optimal model was found.  The R step() function was used to 

search for the optimal predictor set. The final predictor set was tested for multicollinearity (a situation where two or more 

predictors are highly correlated, suggesting over-fitting).  All Variance Inflation Factors were below 2, indicating no 

multicollinearity. 

The final severe illness model was evaluated using the Area under the ROC curve on the hold-out sample of 10% of patients 

not included in the training dataset.  The result of 0.73 is considered reasonable. 

Survival model methodology 

The type of model fitted was a Cox Proportional Hazards model.  The model was fitted in R using function coxph() from 

package “survival”.  This type of model considers the time to an “event” and is useful in mortality studies where data may 

be censored – in other words where the observation of individuals may be incomplete.  In this study, the “event” of 

interest is death or discharge to hospice.   

Data representing a random sample of 90% of patients (or 4,152 patients) were used to train the model, with the 

remaining 10% of patients (or 462 patients) used to test the fitted model.  

An initial model was fitted using all predictors set out in Table 2:  Predictors considered in models.  To avoid over-fitting 

the model, individual predictors that did not contribute significantly to the model (as measured using a modified Akaike 

information criterion) were iteratively dropped until an optimal model was found.  The R step() function was used to 

search for the optimal predictor set. 

One of the assumptions underlying the Cox Proportional Hazards model is that the effect of each predictor is not time-

dependent.  This was tested using the cox.zph() function in R package “survival” and found that this assumption was not 

met for many predictors.  While this does not invalidate the model as a whole, it is worth noting that there may be more 

complex relationships between the final predictors and mortality which may vary over time. 

The final survival model was evaluated using the Concordance metric (which is similar in concept to the Area under the 

ROC curve) on the hold-out sample of 10% of patients not included in the training dataset.  The result of 0.69 is considered 

fair. 
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