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Evidence before this study 

Several risk factors for admission to critical care have been identified including the presence of 

comorbidities such as hypertension and obesity, as well as demographic features such as increasing 

age and male gender.  People residing in an area of socioeconomic deprivation and Black, Asian and 

minority ethnic (BAME) groups also appear at greater risk of critical illness and mortality. We searched 

PubMed, medRxiv and Medline for studies relating to socioeconomic deprivation and critical care 

outcome and critical care capacity in relation to the COVID-19 pandemic using search terms “COVID-

19”, “SARS-CoV-2”, “Critical Care” and “Socioeconomic Status” and synonyms.   

Added value of this study 

We were able to analyse a complete national cohort study of patients with COVID-19 admitted to 

critical care units. We found that those living in areas in the most socioeconomically deprived quintile 

of Scotland had a higher chance of critical care admission and a higher adjusted 30-day mortality. 

Uniquely, we were able to evaluate the impact on service provision in hospitals across different 

socioeconomic catchment areas and the change required in critical care capacity to meet demand. 

This demonstrated that health boards with higher levels of socioeconomic deprivation had both higher 

peak critical care occupancy and longer duration of occupancy over normal maximum capacity. 

Implications of all the available evidence 

Our study supports the existing literature that has demonstrated an association between 

socioeconomic status and poorer outcomes for patients with COVID-19. Given that critical care units 

serving socioeconomically deprived areas experienced a higher peak of demand for critical care and 

for a more prolonged period of time, a more targeted approach to additional resource should be 

considered in future pandemic waves.  
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Abstract 
 

Background 

Coronavirus disease 2019 (COVID-19) can lead to significant respiratory failure with between 14% and 

18% of hospitalised patients requiring critical care admission. This study describes the impact of 

socioeconomic deprivation on 30-day survival following critical care admission for COVID-19, and the 

impact of the COVID-19 pandemic on critical care capacity in Scotland.  

Methods 

This cohort study used linked national hospital records including ICU, virology testing and national 

death records to identify and describe patients with COVID-19 admitted to a critical care units in 

Scotland. Multivariable logistic regression was used to assess the impact of deprivation on 30-day 

mortality. Critical care capacity was described by reporting the percentage of baseline ICU bed 

utilisation required. 

Findings 

There were 735 patients with COVID-19 admitted to critical care units across Scotland from 1/3/2020 

to 20/6/2020. There was a higher proportion of patients from more deprived areas, with 183 

admissions (24.9%) from the most deprived quintile and 100 (13.6%) from the least deprived quintile. 

Overall, 30-day mortality was 34.8%. After adjusting for age, sex and ethnicity, mortality was 

significantly higher in patients from the most deprived quintile (OR 1.97, 95%CI 1.13, 3.41, p=0.016). 

ICUs serving populations with higher levels of deprivation spent a greater amount of time over their 

baseline ICU bed capacity. 

Interpretation 

Patients with COVID-19 living in areas with greatest socioeconomic deprivation had a higher frequency 

of critical care admission and a higher adjusted 30-day mortality.  ICUs in health boards with higher 
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levels of socioeconomic deprivation had both higher peak occupancy and longer duration of 

occupancy over normal maximum capacity.  

Funding 

None. 
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Introduction 

The first confirmed case of coronavirus disease 2019 (COVID-19) in the UK was reported on 31st 

January 2020 (1).  Since then, the UK has seen over 1,000,000 cases of the disease, resulting in more 

than 48,000 deaths (2).  Among patients in Germany and the USA who require acute hospitalisation 

due to COVID-19 infection, between 14% and 18% of them will require admission to a critical care unit, 

with variable mortality reported for those patients requiring invasive ventilation (3-4).   

 

Several risk factors for admission to critical care have been identified including the presence of 

comorbidities such as hypertension and obesity, as well as demographic features such as increasing 

age and male gender (5-6).  Other studies have focussed on biological risk factors for critical care 

outcomes (7). People residing in an area of socioeconomic deprivation and Black, Asian and minority 

ethnic (BAME) groups also appear at greater risk of critical illness and mortality (6,8-9).  However, less 

is known about service provision in relation to critical care service organisation and how critical care 

capacity changed during the COVID-19 pandemic.   

 

This study describes the demographics, baseline characteristics, critical care unit and 30-day outcomes 

from a complete national dataset of critical care admissions for COVID-19.  In addition, it evaluates 

the association of residing in an area of socioeconomic deprivation with 30-day mortality following 

admission to critical care with COVID-19. Uniquely, the impact on service provision in hospitals across 

different socioeconomic catchment areas and the change required in critical care capacity is also 

evaluated.    

 

Methods 

Study setting and databases  

Data sources were linked using the Community Health Index (CHI) number, a unique identifier used in 

health systems in Scotland, and included the following databases held within Public Health Scotland: 
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Scottish Morbidity Record 01 (SMR01), which captures acute hospital activity; Electronic 

Communication of Surveillance in Scotland (ECOSS) database, which captures all virology testing in 

Scotland; National Records of Scotland death records; and the Scottish Intensive Care Society Audit 

Group (SICSAG) database. The SICSAG database captures all adult general intensive care (ICU) and high 

dependency unit (HDU) activity within Scotland and is subject to regular validation assessments (10).  

  

Participants 

We used a cohort study design. The cohort comprised Scottish residents aged ≥16 years admitted to 

general ICUs and HDUs in Scotland from 01/03/2020 to 20/06/2020 with a positive polymerase chain 

reaction test for nucleic acid for SARS-CoV-2 before or during critical care admission. For patients with 

multiple admissions, only the first admission was included. For analyses relating to ICU capacity, first 

and subsequent admissions for patients regardless of COVID-19 status were included. Due to 

reconfiguration of services impacting on patient flow (e.g. admission to assessment beds awaiting test 

then transfer to a different unit within the same hospital) there were multiple records for a single 

continuous episode of care. These records were merged to create continuous critical care stays.  

 

Variables 

Outcomes: The primary outcome was 30-day mortality after critical care admission. Other reported 

outcomes included vital status at critical care discharge, length of critical care stay, and type/duration 

of organ support during critical care stay. The start of follow up for each patient was date of critical 

care admission and end of follow-up was 30 days after admission for survival analyses. Critical care 

unit outcomes were available for those with complete data who had been discharged or died on or 

before 31/08/2020. 

 

Exposure: The primary exposure was socioeconomic deprivation, defined using quintiles of the 

Scottish Index of Multiple Deprivation (SIMD Version 2020) (11). This is an area-based ranking index 
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based on postcode of residence. It is a weighted score combining 7 domains (income, employment, 

health, education, skills and training, housing, geographic access and crime). SIMD identifies small 

areas of concentrated socioeconomic deprivation and therefore only identifies individuals who reside 

in areas of socioeconomic deprivation, rather than individual socioeconomic position. Each small area 

is known as a datazone and has a median population of around 760.  

 

Other variables: Demographic variables were age, sex and ethnicity. Ethnicity was derived from 

categories of the Scottish Census 2011 (12) aggregated due to low frequencies. For example, the 

category “White” includes “English”, “Welsh”, “Northern Irish”, “British”, “Gypsy/Traveller” and 

“Polish.” Previous health status comprised the number of emergency acute hospital admissions in the 

year before admission and comorbidities. Comorbidities were derived from the Charlson list of 

comorbidities as identified on prior hospital discharge records in the SMR01 database, combined with 

SICSAG defined severe comorbidities (13,14) These were presented as a count of comorbidities and 

as individual comorbidities, with small frequencies aggregated due to disclosure control. Acute illness 

variables comprised the Acute Physiology Score (APS) of the APACHE II model, PaO2:FiO2 (PF) ratio, 

time from hospital admission to ICU admission, number of organ systems supported on the day of 

critical care admission (defined as renal support, respiratory support and cardiovascular support). 

 

Statistical analysis 

Data were analysed using R Version 3.6.1 (15). No sample size calculation was performed as this was 

fixed by the number of admissions. Missing data for ethnicity and APS variables were grouped in an 

indicator variable. APS is not a mandatory data field for HDU patients. Linearity assumption was 

evaluated for age and APS (Figure S1) and age was entered as a linear term. A complete cases analysis 

was performed for all other variables in analyses.  
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Univariable associations: The univariable association of socioeconomic deprivation with the outcome 

were assessed by logistic regression model and reporting the odds ratio with 95% confidence interval 

(95%CI). We used logistic regression rather than survival models because follow-up was complete at 

30 days for all patients. Kaplan-Meier plots were presented for overall survival, and stratified by 

socioeconomic deprivation, age and ventilation status.  

 

Multivariable associations: We assessed the association with the outcome using logistic regression 

using a sequential approach. Age, sex and ethnicity were included in the base model as potential 

confounders. Pre-existing health status (comorbidities, previous number of emergency admissions) 

and severity of illness on admission (APS) could be potential mediators or confounders and were 

added to a second model.  

 

Daily admissions to critical care were stratified by socioeconomic deprivation. Organ support activity 

was presented on a daily basis derived from Augmented Care Period (ACP) data (10). ACP is used to 

assess the resources used in treating critically ill patients in order to categorise care requirements into 

different levels of care. For each day of admission, organ support activity and levels of care are 

recorded in the database. Levels of care are derived from number and type of organ support, with 

level 3 care being the highest including all patients receiving invasive mechanical ventilation (9). Organ 

support activity was presented for the whole cohort stratified by levels of care and type of organ 

support. Capacity levels were analysed by allocating a level of care for each day for each patient and 

reporting this as a percentage of baseline funded level 3 capacity by units (10). Health boards were 

grouped into three groups based on the proportion of total datazone areas ranked in the most 

socioeconomically deprived 20% datazones in Scotland: high (29.9% of combined datazones fall within 

the most socioeconomically deprived 20% of datazones in Scotland) (NHS Greater Glasgow and Clyde, 

NHS Ayrshire and Arran, NHS Lanarkshire, NHS Fife); medium 14.1% (NHS Tayside, NHS Forth Valley, 
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NHS Lothian); and low 7.0% (NHS Dumfries and Galloway, NHS Highland, NHS Borders, NHS Grampian, 

NHS island boards) (11).   

 

Subgroup analyses: We repeated analyses for those who were invasively mechanically ventilated 

during their critical care stay as this group is less subject to variation in health service organisation.  

 

Approvals 

Linkage to additional datasets was approved for work undertaken by SICSAG within Public Health 

Scotland following scrutiny by the Public Benefit and Privacy Panel for Health and Social Care (1920-

0093). Access and use of the data for the purpose of this work were approved following a Public Health 

Scotland information governance review of linking internal datasets. Only analysts working in Public 

Health Scotland had access to the linked patient data which could only be accessed via an NHS secure 

network.  

 

Role of the funding source 

The funder had no role in the study design; in the collection, analysis and interpretation of the data; 

in the writing of the report; and in the decision to submit the paper for publication. 

 

Results 

From 1 March to 20 June 2020 a total of 735 patients with laboratory confirmed COVID-19 disease 

were admitted to critical care units across Scotland.  The first admission occurred on 4 March and the 

highest frequency of admissions occurred between 29 March and 7 April (Figure S2).   

 

Baseline demographic and clinical characteristics, stratified by socioeconomic deprivation, are 

presented in Table 1.  Median age of patients admitted to critical care units was 61 years (IQR 53, 68) 

and was similar across socioeconomic deprivation quintiles.  Males accounted for 70.1% of patients. 
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91.1%  of those without missing ethnicity data identified as belonging to white ethnic groups 

(representing 52.6% (387/735) of  all patients . There was a higher proportion of patients admitted to 

critical care from more socioeconomically deprived areas, with 183 admissions (24.9%) from the most 

deprived quintile and 100 (13.6%) from the least deprived quintile (Figure 1).  Baseline characteristics 

for the 47 patients (6.4%) who did not have SIMD recorded are presented in Table S1. Those with 

missing data were of similar age, had higher levels of comorbidity and received more advanced 

respiratory support compared to those without missing data. 

 

Over one third of patients had at least one comorbidity.  The most commonly recorded comorbidities 

were Respiratory Disease (12.0%) and Diabetes Mellitus (11.6%).  There was a higher prevalence of 

comorbidity with increasing socioeconomic deprivation, with 42.1% of patients residing in the most 

deprived quintile having one or more comorbidities compared to 22.0% of patients from the least 

deprived quintile. One in eight patients had been admitted to hospital as an emergency in the 

preceding year, demonstrating a similar social gradient (most deprived vs least deprived SIMD quintile 

14.2% vs 8.0%).     

 

Support of one or more organ systems was required by 68.7% of patients on admission to critical care.  

On the day of admission invasive respiratory support was received by 44.9% of patients, cardiovascular 

support by 32.5% and 1.4% received renal replacement therapy (RRT).  This was similar across all SIMD 

quintiles.  

  

Baseline characteristics were further stratified by receipt of invasive ventilation (Table S2).  421 

patients (57%) received invasive ventilation during their critical care stay.  In this group, comorbidities 

were less prevalent compared to those who did not receive invasive ventilation (27.0% vs 43.6%).   
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Interventions and Outcomes 

Data pertaining to organ support provided during the critical care stay were available for 732 patients 

(99.6%) as three patients remained in units on 31/08/2020 (Table 2).  Non-invasive respiratory support 

was received by 241 patients (32.9%), 418 patients (57.1%) received advanced respiratory support, 

and 560 patients (76.5%) received a combination of non-invasive and invasive respiratory support. 

Cardiovascular support was received by 58.1% and RRT by 20.9% of patients. 

 

The proportion surviving to critical care discharge was 70.4% with a median critical care length of stay 

for all patients of 6.4 days (IQR 2.4, 15.3). Those who died in critical care had a longer median length 

of stay than those who survived (9.5 days vs. 5.2 days). The critical care mortality rate was highest in 

the most socioeconomically deprived group (34.3%) compared with all other groups (range 27.7% to 

28.7%). 

 

The number of patients managed in critical care over time and organ support requirements are 

illustrated in Figure 2. This figure demonstrates the disproportionate requirement for critical care by 

patients from socioeconomically deprived areas, and considerable requirement for advanced 

respiratory support. 

 

Follow-up to 30 days after critical care admission was available for all patients. Overall 30-day 

mortality for patients with SARS-CoV-2 infection admitted to critical care was 34.8%. Mortality varied 

by patient characteristics (Table 3, Figure S3). Age significantly impacted 30-day mortality; mortality 

was 16.0% in those aged 16-49 years compared to 56.7% in patients 70 years and older. Lower 

mortality rates were also observed in female compared with male patients (27.7% vs. 37.9%). Patients 

with at least one comorbidity or previous emergency hospitalisations had increased 30-day mortality. 

Severity of illness, as measured by requirement for organ support, was associated with higher 
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mortality rates for each mode of support, and mortality increased with increasing total number of 

organs supported.  

 

Association between socioeconomic deprivation and 30-day mortality 

Crude mortality measured at 30-days after critical care admission was non-significantly higher in 

patients residing in the most socioeconomically deprived quintile compared with those from the least 

socioeconomically deprived quintile (42.6% vs 34.0%; OR 1.44, 95%CI 0.87, 2.39, p=0.157) (Table 4). 

After adjusting for age, sex and ethnicity, mortality was significantly higher in patients from the most 

socioeconomically deprived quintile (OR 1.97, 95%CI 1.13, 3.41, p=0.016). Following further 

adjustment for comorbidities, previous emergency admissions and APS, this increase in mortality 

persisted (OR 1.78, 95%CI 1.01, 3.15, p=0.046). Similar results were found in the subgroup of 

mechanically ventilated patients (fully adjusted model OR 2.23, 95%CI 1.10, 4.51, p=0.010) (Table S3). 

 

ICU capacity 

Nationally, baseline ICU capacity was exceeded for 25 days, with the majority of the workload due to 

patients with confirmed COVID-19 (Figure 3). Maximum capacity peaked at 145% of baseline capacity.  

 

ICUs serving areas of higher socioeconomic deprivation spent a greater total amount of time over their 

baseline capacity (34 days), than those in areas of less socioeconomic deprivation (14 days) (Figure 3). 

Units in the most socioeconomically deprived areas also operated over capacity for a more prolonged 

period (33 days), whereas those in the least socioeconomically deprived areas experienced several 

short episodes of being over capacity, with a maximum of 7 consecutive days over capacity. 

 

As well as time above baseline capacity, health boards serving more socioeconomically deprived 

populations experienced a higher peak over capacity with peaks of 136%, 123% and 165% of 
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percentage baseline capacity for the low, medium and high socioeconomic deprivation groups 

respectively. 

 

Discussion  

This complete national cohort study has demonstrated that those living in the most socioeconomically 

deprived areas are more likely to be admitted to, and have poorer outcomes after, critical care.  

Further, it has uniquely shown that units which provided care in areas of higher socioeconomic 

deprivation spent a greater amount of time above baseline bed capacity and had a larger magnitude 

of change in relation to bed expansion.   

 

There are a variety of mechanisms which may be driving the increased ICU admission rates and 

mortality seen in patients from socioeconomically deprived areas. For example, the financial necessity 

to continue working or the nature of employment may increase the exposure to the virus in those 

living in socioeconomically deprived areas (16). Public transport may pose a significant risk factor for 

the spread of SARS-CoV-2 and thus, workers who are unable to work from home may potentially have 

this additional exposure risk (17).   

 

The association between poor housing and health could be further driving the observed inequalities.  

Those living in areas of higher socioeconomic deprivation are more likely to live in crowded 

accommodation which can lead to a higher risk of exposure and infecting dose (18).  In addition, areas 

of socioeconomic deprivation have a higher proportion of people who suffer from the non-

communicable health conditions which increase the risk of severe COVID-19 disease, such as 

hypertension, obesity, diabetes and heart disease (19). These factors may lead to more severe disease 

and an increased necessity for ICU admission or even a higher risk of death.   

In Scotland, urban living, income deprivation and household overcrowding have already been linked 

to increased COVID-19 mortality (20).  This effect was more pronounced than that demonstrated for 
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non-COVID mortality during the same time period, indicating that COVID-19 disproportionally impacts 

upon those from deprived areas.  This is consistent with the findings from our study which found both 

a higher rate of ICU admission and adjusted mortality for patients from areas of socioeconomic 

deprivation. 

 

Comparison to known literature 

Our study builds on recent studies reporting the association between socioeconomic deprivation and 

increased mortality from COVID-19 (9,21-22). To our knowledge, this is the first published study to 

describe the impact of socioeconomic deprivation on ICU bed capacity at a national level. The 

association between socioeconomic status and healthcare usage in the non-COVID population has 

been previously described. In a review of hospital admissions in England, although the rates of elective 

admission were similar across socioeconomic deprivation groupings, emergency admissions increased 

with increasing level of socioeconomic deprivation (23). Modelling work in the London region has 

highlighted a similar increase in critical care utilisation associated with increased socioeconomic 

deprivation, with varying clinical presentations seen in different societal groups (24). Despite the 

increase in healthcare utilisation, socioeconomic deprivation has been found to be only a weak 

predictor of critical care mortality in non-COVID-19 patients within the Scottish critical care setting 

(25). This is in contrast to the increased mortality that we have observed in the COVID-19 population 

from the most socioeconomically deprived areas. 

 

Although socioeconomic deprivation is known to be associated with increased healthcare utilisation, 

it is unknown how well the healthcare resource capacity matches this potential need. From our study, 

we have demonstrated that increased periods of overcapacity were experienced in centres serving 

Scotland’s most socioeconomically deprived communities. On review of performance at other times 

of prolonged stress, such as during nursing strikes, these periods are associated with an increase in 

mortality and other quality indicators such as readmission (23). Knowing this may assist with future 
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decisions regarding both human and equipment resource allocation when planning for future 

pandemics. 

 

Strengths and limitations 

Our study has a number of strengths. We were able to define COVID-19 status for patients admitted 

to critical care using laboratory-confirmed PCR testing. The SICSAG database was adapted in real-time 

during the pandemic to respond to rapidly changing service configurations so that it included critically 

ill patients ventilated in other areas of the hospital, such as theatre recovery. We are therefore 

confident that we had complete capture of all COVID-19 patients receiving mechanical ventilation in 

Scotland. The use of national, linked databases allowed us to ascertain pre-morbid health status, 

including COVID-19 related conditions such as diabetes mellitus and severe renal disease, and 

outcomes for all patients with no loss to follow-up. In addition, we were also able to report ICU activity 

relative to baseline funded ICU capacity. 

 

A number of limitations impact on our study findings. Whilst the study reported the impact of COVID-

19 at a country level, precision of estimates was affected by sample size and outcome frequency. SIMD 

is an area-based rather than individual-level measure of socioeconomic deprivation, and 

measurement error may therefore limit its inference at an individual patient level. It is possible that 

some of the differences between outcomes for patients from areas of socioeconomic deprivation are 

attributable to selection bias. Had these patients been subject to a higher threshold of hospital or ICU 

admission, they might represent a “sicker” population. However, comparison of severity of illness 

measures such as APACHE II score and PF ratio were similar across deprivation groups suggesting a 

similar burden of acute illness. We were unable to record less severe comorbidities that are known to 

be associated with COVID-19 disease outcomes, such as hypertension or obesity. This may lead to 

residual confounding affecting the association between socioeconomic deprivation and mortality. 

Non-invasive respiratory support was provided in some hospitals outside of designated critical care 
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areas. For this reason, we were unable to capture all non-invasive respiratory support in the country. 

Whilst missing data were present for only a small proportion of patients for socioeconomic deprivation 

status, a greater proportion of data were missing for ethnicity and APS. We included these as missing 

indicator variables in multivariable models, which may bias exposure-outcome associations. However, 

in the subgroup analysis of patients receiving mechanical ventilation in whom the proportion of 

missing data was lower, we reported a similar association between socioeconomic deprivation and 

mortality.  

 

Implications for clinicians, policymakers and future research 

These findings are important for planning of critical care services in a future wave. A per capita 

approach to expanding health care services may not be the best strategy to meet future demand. 

Given that critical care units serving socioeconomically deprived areas experienced a higher peak of 

demand for critical care and for a more prolonged period of time, a more targeted approach to 

additional resource should be considered. 

 

The cause of increased mortality in people with COVID-19 living in socioeconomically deprived settings 

requires further investigation. Our sequential approach to modelling indicated that the increase in 

mortality was not mediated through comorbidity, previous healthcare use or severity of illness on 

presentation. Access to prospectively collected datasets which record additional characteristics, such 

as less severe comorbidities, features of late disease presentation (e.g. time from symptom onset to 

hospital presentation) may help unpick this further.  

 

In this complete national cohort study of patients with COVID-19 admitted to critical care units, those 

living in areas in the most socioeconomically deprived quintile of Scotland had a higher chance of 

critical care admission and a higher adjusted 30-day mortality.  Health boards with higher levels of 
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socioeconomic deprivation had both higher peak critical care occupancy and longer duration of 

occupancy over normal maximum capacity.  
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Tables 
 

Number of patients  All patients 1 = Most 
deprived 2 3 4 5 = Least 

deprived 
COVID-19 positive and admitted 
to Critical Care n 735 183 167 124 114 100 

Age on admission (years) Median (IQR) 61 (53,68) 59 (50,67) 62 (55,68) 60 (54,69) 61 (51,71) 62.5 (55,70) 
Sex Male 515 (70.1%) 130 (71.0%) 111 (66.5%) 87 (70.2%) 81 (71.1%) 71 (71.0%) 
 Female 220 (29.9%) 53 (29.0%) 56 (33.5%) 37 (29.8%) 33 (28.9%) 29 (29.0%) 
Ethnicity White 387 (91.1%) 90 (87.4%) 78 (86.7%) 75 (97.4%) 60 (88.2%) 65 (97.0%) 

 Black/Caribbean/A
frican 7 (1.6%) * * * * * 

 Asian 26 (6.1%) * * * * * 
 Other 5 (1.2%) * * * * * 

Previous health status        

Comorbidity count 0 481 (65.4%) 106 (57.9%) 113 (67.7%) 77 (62.1%) 81 (71.1%) 78 (78.0%) 
 1 157 (21.4%) 49 (26.8%) 28 (16.8%) 30 (24.2%) 18 (15.8%) 15 (15.0%) 
 2 plus 97 (13.2%) 28 (15.3%) 26 (15.6%) 17 (13.7%) 15 (13.2%) 7 (7.0%) 

Comorbidities Cardiovascular 
Disease 62 (8.4%) 13 (7.1%) 19 (11.4%) 9 (7.3%) 11 (9.6%) 5 (5.0%) 

 Respiratory 
Disease 88 (12.0%) 24 (13.1%) 22 (13.2%) 19 (15.3%) 12 (10.5%) 4 (4.0%) 

 Diabetes Mellitus 85 (11.6%) 28 (15.3%) 21 (12.6%) 14 (11.3%) 10 (8.8%) 9 (9.0%) 
 Cancer 52 (7.1%) 16 (8.7%) 9 (5.4%) 10 (8.1%) 12 (10.5%) 4 (4.0%) 
 Other 70 (9.5%) 23 (12.6%) 15 (9.0%) 15 (12.1%) 4 (3.5%) 5 (5.0%) 
Emergency hospital admissions 
in previous year 0 640 (87.1%) 157 (85.8%) 143 (85.6%) 109 (87.9%) 100 (87.7%) 92 (92.0%) 

 1 57 (7.8%) 13 (7.1%) 13 (7.8%) 10 (8.1%) 9 (7.9%) 4 (4.0%) 
 2 plus 38 (5.2%) 13 (7.1%) 11 (6.6%) 5 (4.0%) 5 (4.4%) 4 (4.0%) 
Illness severity and organ 
support        
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Number of patients  All patients 1 = Most 
deprived 2 3 4 5 = Least 

deprived 

APACHE II score Median (IQR) 15 (12,19) 15 (12,19) 15 (12,18) 16 (12,20) 14 (11,20) 15 (11.75,18.25) 
Acute Physiology Score Median (IQR) 7 (4,11) 7 (5,11) 7 (4,10) 7.5 (4,11) 6 (3,11) 7 (3,10.25) 
PaO2:FiO2 ratio (kPa) Median (IQR) 15.4 (11.1,21.3) 15.2 (10.6,20.8) 16.4 (11.6,22.9) 15.1 (10.6,19.6) 15.0 (11.1,20.9) 16.8 (12.8,21.9) 
Time from hospital admission to 
ICU admission (days) Median (IQR) 1 (0,2) 1 (0,3) 1 (0,2) 1 (0,3) 1 (0,2) 1 (0,2) 

Number of organ systems 
supported on ICU admission 0 230 (31.3%) 61 (33.3%) 56 (33.5%) 31 (25.0%) 41 (36.0%) 24 (24.0%) 

 1 277 (37.7%) 72 (39.3%) 58 (34.7%) 45 (36.3%) 39 (34.2%) 42 (42.0%) 
 2 or more 228 (31.0%) 50 (27.3%) 53 (31.7%) 48 (38.7%) 34 (29.8%) 34 (34.0%) 
Advanced respiratory support on 
admission n (%) 330 (44.9%) 90 (49.2%) 69 (41.3%) 61 (49.2%) 48 (42.1%) 49 (49.0%) 

Non-invasive respiratory support 
on admission n (%) 160 (21.8%) 30 (16.4%) 37 (22.2%) 28 (22.6%) 24 (21.1%) 25 (25.0%) 

Other basic respiratory support 
on admission n (%) 245 (33.3%) 63 (34.4%) 61 (36.5%) 35 (28.2%) 42 (36.8%) 26 (26.0%) 

Cardiovascular support on 
admission n (%) 239 (32.5%) 51 (27.9%) 56 (33.5%) 52 (41.9%) 34 (29.8%) 36 (36.0%) 

Renal replacement therapy on 
admission n (%) 10 (1.4%) * * * * * 

 

Table 1. Baseline characteristics stratified by socioeconomic deprivation quintile. 47 records have an unknown SIMD quintile. 310 records have unknown 
ethnicity (Distributed in SIMD quintiles 1 to 5: 80 (43.7%), 77 (46.1%), 47 (37.9%), 46 (40.4%), 27 (27.0%) respectively). 216 records have missing APACHE 
score. 254 records have missing PF ratios. *Output suppressed due to disclosure risk. Abbreviations: APACHE, Acute Physiology and Chronic Health 
Evaluation.  
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  All patients 
discharged 

1 = Most 
deprived 2 3 4 5 = Least 

deprived 

 n 732 181 166 124 115 100 

Outcome on critical care discharge        

Alive n (%) 515 (70.4%) 119 (65.7%) 120 (72.3%) 89 (71.8%) 82 (71.3%) 72 (72.0%) 
Dead n (%) 217 (29.6%) 62 (34.3%) 46 (27.7%) 35 (28.2%) 33 (28.7%) 28 (28.0%) 

Length of critical care stay (days)        

All patients Median (IQR) 6.4 (2.4,15.3) 6.4 (3,14.5) 5.5 (1.5,15.4) 7.2 (2.5,14.6) 6.4 (2.5,15.4) 8.6 (2.2,17.6) 
Survivors Median (IQR) 5.2 (1.8,13.9) 5.3 (1.8,11.8) 5.4 (1.4,15.2) 6.4 (2.4,13.8) 4.9 (1.6,11.2) 5.9 (1.7,17) 
Non-survivors Median (IQR) 9.5 (4.5,18.2) 10.1 (5.9,19.5) 7.7 (3.4,16.6) 10.4 (4.3,16.5) 9 (3.9,18.5) 12.4 (6.3,17.6) 

Organ support during stay        

Advanced respiratory support n (%) 418 (57.1%) 104 (57.5%) 92 (55.4%) 79 (63.7%) 64 (55.7%) 62 (62.0%) 
Non-invasive respiratory support n (%) 241 (32.9%) 51 (28.2%) 52 (31.3%) 37 (29.8%) 39 (33.9%) 43 (43.0%) 
Combined advanced/non-invasive 
respiratory support n (%) 560 (76.5%) 136 (75.1%) 121 (72.9%) 100 (80.6%) 85 (73.9%) 84 (84.0%) 

Cardiovascular support n (%) 425 (58.1%) 101 (55.8%) 94 (56.6%) 83 (66.9%) 64 (55.7%) 64 (64.0%) 
Renal support n (%) 153 (20.9%) 36 (19.9%) 35 (21.1%) 28 (22.6%) 21 (18.3%) 23 (23.0%) 

Duration of organ support (days)        

Advanced respiratory support Median (IQR) 13 (7,22.8) 13 (8,22) 12.5 (6,22.2) 12 (6,22) 11 (6,21.8) 14 (10,21) 
Non-invasive respiratory support Median (IQR) 3 (1,5) 3 (2,6) 2 (1,4.2) 3 (1,5) 3 (2,5) 2 (1,5) 
Combined advanced/non-invasive 
respiratory support Median (IQR) 10 (5,20) 10 (6,19.2) 8 (4,20) 9.5 (4,18.5) 10 (5,18) 12.5 (4.8,20.2) 

Cardiovascular support Median (IQR) 6 (3,10) 6 (4,10) 7 (4,10) 5 (3,9) 6 (3,10) 6.5 (3,11) 
Renal support Median (IQR) 10 (4,17) 11.5 (4.8,16) 7 (2,15.5) 10.5 (4.5,15) 10 (4,19) 11 (4,20) 

 

Table 2. Outcomes for patients who were discharged from critical care (n=732/735), stratified by socioeconomic deprivation quintile.  
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  30 day mortality  
n (%) 

Overall 30-day mortality  256 (34.8%) 
Age on admission (years) 16-49 21 (16.0%) 
 50-59 54 (26.2%) 
 60-69 84 (37.0%) 
 70 or more 97 (56.7%) 

Sex Male 195 (37.9%) 
 Female 61 (27.7%) 
Ethnicity White 156 (40.3%) 

 Black/Caribbean/ 
African/Asian/Other 14 (36.8%) 

 Missing 86 (27.7%) 
SIMD quintile 1 - Most deprived 78 (42.6%) 
 2 52 (31.1%) 
 3 40 (32.3%) 
 4 37 (32.5%) 
 5 - least deprived 34 (34.0%) 

Previous health status   

Comorbidity count 0 143 (29.7%) 
 1 71 (45.2%) 
 2 or more 42 (43.3%) 
Emergency hospital admissions in previous 
year 0 212 (33.1%) 

 1 or more 44 (46.3%) 

Illness severity and organ support   

Acute Physiology Score (tertiles) 0-4 43 (27.2%) 
 5-8 50 (30.5%) 
 9 or more 98 (49.8%) 
 Missing 65 (30.1%) 
Number of organ systems supported on ICU 
admission 0 25 (15.8%) 

 1 45 (28.7%) 
 2 106 (39.3%) 
 3 80 (53.3%) 
Advanced respiratory support on admission No 77 (24.5%) 
 Yes 179 (42.5%) 
Non-invasive respiratory support on admission No 185 (37.5%) 
 Yes 71 (29.3%) 
Other basic respiratory support No 173 (82.8%) 
 Yes 83 (15.8%) 
Cardiovascular support on admission No 71 (23.2%) 
 Yes 185 (43.1%) 
Renal replacement therapy on admission No 172 (29.7%) 
 Yes 84 (54.2%) 

 

Table 3. 30-day mortality stratified by baseline characteristics (n=735). Abbreviations: SIMD, 
Scottish Index of Multiple Deprivation. 
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  Univariable Multivariable Model 1 Multivariable Model 2 

SIMD quintile  5 - Least deprived 1 (ref) 1 (ref) 1 (ref) 
 4 0.93 (0.53,1.65) p=0.811 1.01 (0.55,1.86) p=0.981 0.98 (0.52, 1.84) p=0.951 
 3 0.92 (0.53,1.62) p=0.783 1.07 (0.59,1.94) p=0.823 0.93 (0.50, 1.71) p=0.808 
 2 0.88 (0.52,1.49) p=0.628 1.03 (0.58,1.80) p=0.930 0.96 (0.54, 1.72) p=0.895 
 1 - Most deprived 1.44 (0.87,2.39) p=0.157 1.97 (1.13,3.41) p=0.016 1.78 (1.01, 3.15) p=0.046 

Age on admission  Per 1 year increase 1.06 (1.05,1.08) p<0.001 1.07 (1.05,1.09) p<0.001 1.07 (1.05, 1.09) p<0.001 

Sex Male 1 (ref) 1 (ref) 1 (ref) 
 Female 0.63 (0.44,0.89) p=0.010 0.70 (0.48,1.02) p=0.066 0.70 (0.47, 1.03) p=0.073 

Ethnicity White 1 (ref) 1 (ref)  

 Black/Caribbean/ 
African/Asian/Other 0.94 (0.47,1.88) p=0.853 1.41 (0.66,3.00) p=0.375 1.42 (0.65, 3.12) p=0.376 

 Missing 0.63 (0.45,0.87) p=0.006 0.51 (0.35,0.73) p<0.001 0.61 (0.39, 0.95) p=0.029 

Comorbidity count 0 1 (ref) - 1 (ref) 
 1 1.88 (1.27,2.77) p=0.001 - 1.51 (0.97, 2.33) p=0.065 
 2 or more 1.73 (1.10,2.74) p=0.018 - 1.31 (0.75, 2.32) p=0.344 

Emergency hospital 
admissions in 
previous year 

0 1 (ref) - 1 (ref) 

 1 or more 1.69 (1.08,2.67) p=0.023 - 1.54 (0.86, 2.76) p=0.147 

Acute Physiology 
Score  

Tertile 1 (0-4) 1 (ref) - 1 (ref) 

 Tertile 2 (5-8) 1.19 (0.73,1.95) p=0.485 - 1.22 (0.72, 2.07) p=0.454 
 Tertile 3 (9-28) 2.65 (1.67,4.19) p<0.001 - 2.43 (1.47, 4.03) p=0.001 
 Missing 1.22 (0.76,1.95) p=0.405 - 1.05 (0.58, 1.91) p=0.866 

Table 4. Regression models reporting association between socioeconomic deprivation and 30-day mortality. Multivariable Model 1 did not include 
comorbidity count, emergency readmissions in previous year or Acute Physiology Score. Note that only the adjusted effect estimate for SIMD on mortality 
can be interpreted as a causal association, and effect estimates for potential confounders on the outcome cannot be interpreted in the same way. See Table 
S3 for further explanation. Abbreviations: SIMD, Scottish Index of Multiple Deprivation.
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Figure legends 
 

Figure 1. Cumulative frequency of patients with COVID-19 admitted to critical care units stratified 
by socioeconomic deprivation quintile. 

 

Figure 2. Daily frequency of critical care bed occupancy stratified by socioeconomic deprivation 
quintile and organ support. Bed occupancy is derived from Augmented Care Period (ACP) days. See 
text for explanation of levels of care. Abbreviations: SIMD, Scottish Index of Multiple Deprivation; 
RRT, renal replacement therapy; NIRS, non-invasive respiratory support; Adv Res, advanced 
respiratory.  

 

Figure 3. Activity in intensive care units as a proportion of baseline funded level 3 capacity for 
Scotland, and stratified by health boards grouped by levels of socioeconomic deprivation. 
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