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1  | BACKGROUND

The treatment of Coronavirus disease 2019 (COVID-19) poses a 
major challenge for health systems. Identifying patients at risk of 

severe illness and potentially death is crucial for strategic planning 
and adequate resource allocation. Although there are few specific 
medicines and no vaccines for COVID-19, several treatments have 
been suggested to alter the risk of severe COVID-19.

 

Received: 13 August 2020  |  Revised: 10 December 2020  |  Accepted: 23 December 2020

DOI: 10.1111/aas.13781  

C L I N I C A L  I N V E S T I G A T I O N

The swedish covid-19 intensive care cohort: Risk factors of ICU 
admission and ICU mortality

Björn Ahlström1,2  |   Robert Frithiof1  |   Michael Hultström1,3  |   Ing-Marie Larsson1  |    
Gunnar Strandberg1  |   Miklos Lipcsey1,4

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Acta Anaesthesiologica Scandinavica published by John Wiley & Sons Ltd on behalf of Acta Anaesthesiologica Scandinavica Foundation.

1Anesthesiology and Intensive Care, 
Department of Surgical Sciences, Uppsala 
University, Uppsala, Sweden
2Region Dalarna, Centre of Clinical Research 
Dalarna, Falun, Sweden
3Integrative Physiology, Department of 
Medical Cell Biology, Uppsala University, 
Uppsala, Sweden
4Hedenstierna laboratory, CIRRUS, 
Anesthesiology and Intensive Care, 
Department of Surgical Sciences, Uppsala 
University, Uppsala, Sweden

Correspondence
Björn Ahlström, Centrum för Klinisk 
Forskning Dalarna, Nissers väg 3, Falu 
lasarett, 791 82 Falun.
Email: bjorn.ahlstrom@surgsci.uu.se

Funding information
This study was funded by Uppsala University 
Hospital research fund and the Centre 
for Clinical Research at Region Dalarna, 
Sweden.

Background: Several studies have recently addressed factors associated with severe 
Coronavirus disease 2019 (COVID-19); however, some medications and comorbidi-
ties have yet to be evaluated in a large matched cohort. We therefore explored the 
role of relevant comorbidities and medications in relation to the risk of intensive care 
unit (ICU) admission and mortality.
Methods: All ICU COVID-19 patients in Sweden until 27 May 2020 were matched to 
population controls on age and gender to assess the risk of ICU admission. Cases were 
identified, comorbidities and medications were retrieved from high-quality registries. 
Three conditional logistic regression models were used for risk of ICU admission and 
three Cox proportional hazards models for risk of ICU mortality, one with comorbidi-
ties, one with medications and finally with both models combined, respectively.
Results: We included 1981 patients and 7924 controls. Hypertension, type 2 dia-
betes mellitus, chronic renal failure, asthma, obesity, being a solid organ transplant 
recipient and immunosuppressant medications were independent risk factors of ICU 
admission and oral anticoagulants were protective. Stroke, asthma, chronic obstruc-
tive pulmonary disease and treatment with renin-angiotensin-aldosterone inhibitors 
(RAASi) were independent risk factors of ICU mortality in the pre-specified primary 
analyses; treatment with statins was protective. However, after adjusting for the use 
of continuous renal replacement therapy, RAASi were no longer an independent risk 
factor.
Conclusion: In our cohort oral anticoagulants were protective of ICU admission and 
statins was protective of ICU death. Several comorbidities and ongoing RAASi treat-
ment were independent risk factors of ICU admission and ICU mortality.
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Some studies have investigated whether renin-angiotensin-
aldosterone system inhibitors (RAASi) and other antihypertensive 
agents could predispose individuals to severe COVID-19.1 Yet, data 
are scarce on the effect (beneficial or harmful) of these drugs on 
outcome. Moreover, corticosteroids have been suggested to both 
elevate and reduce the risk of adverse outcomes in COVID-19.2,3 
Finally, because thromboembolic complications are common in 
COVID-19 patients, anticoagulant treatment could be protective 
against severe COVID-19.4

Because data are limited on the role of pre-existing diseases and 
medications on the risk of severe illness and death in COVID-19 pa-
tients, we conducted a register-based study on all Swedish COVID-19 
patients treated in an intensive care unit (ICU). These patients were 
compared to an age- and sex-matched cohort.

Our primary outcome was the impact of pre-COVID-19 medi-
cations and comorbidity risk of ICU admission as a proxy for severe 
illness in COVID-19. We also assessed the effect of these factors on 
the risk of ICU mortality.

2  | METHODS

This study was approved by the Swedish Ethical Review Authority 
(approval no. 2020-02144) who also waived informed consent. The 
study was a priori registered with the ClinicalTrials.gov (https://clini​
caltr​ials.gov/ct2/show/NCT04​390074) and reporting follows the 
STROBE statement.5

2.1 | Data sources

All Swedish general ICU report all intensive care cases to the Swedish 
Intensive Care Registry (SIR) and all Influenza or Corona virus in-
fected ICU patients to the SIRs subregistry, the Influenza and Virus 
Infection Registry (SIRI).6 The reporting of COVID-19 mandates 
a positive polymerase chain reaction test to SARS-coronavirus-2. 
All in- and out-patient visits in specialized care are reported to 
the National Patient Register (NPR), and all dispensings of pre-
scribed medications are reported to the Swedish Prescribed Drug 
Register, both run by the Swedish Board of Health and Welfare.7 The 
Population Statistics (RTB) of Statistics Sweden (SCB) contains de-
mographic data on all residents of Sweden.8

2.2 | Study population

The study population was defined by a least one COVID-19 registra-
tion in the SIRI until data acquisition on 27 May 2020. From RTB, four 
age- and sex-matched controls per patient were drawn. Age match-
ing was performed as close to ICU admission as possible, on the age 
at 31 January 2020. Cases could not become controls and controls 
could not be selected twice. Exclusion criteria were aged <18 years 
or the absence of a Swedish personal identification number (PIN). 

The NPR provided data on all contacts with specialized care (eg ad-
mission date, discharge date, interventions and diagnoses according 
to the International Codes of Diagnoses, ICD-10) from 5 years pre-
ceding the inclusion date. Data on all dispensed drugs (such as the 
Anatomic Therapeutic Chemical classification system (ATC) code, 
dose, strength, number of doses and dispensation date from 2 years 
preceding inclusion) were retrieved from the Swedish Prescribed 
Drug Register. We received data on intensive care interventions and 
status at discharge (dead or alive) from the SIR.

2.3 | Statistics

For descriptive statistics, we used medians with interquartile range 
(IQR), counts with percentages. Differences were evaluated with 
the Mann-Whitney U test and Fisher´s exact test as appropriate. In 
the case control cohort, we used three conditional binary logistic 
regression models and in the ICU discharged cohort we used three 
binary logistic regression models, to determine the odds ratio (OR) of 
ICU admission and ICU death, respectively. In the first model we as-
sessed the impact of predefined comorbidities and in the second we 
assessed the effect of medications in which drug dispensation in the 
past 6 months preceding inclusion was used as a surrogate for drug 
use (Appendix 1). In the third model we combined the comorbidi-
ties model and the medications model. Immunosuppressed disease 
or state was then exchanged for systemic inflammatory disease and 
solid organ transplant recipient because immunosuppressant use, in-
cluding corticosteroids, was part of the definition of an immunosup-
pressed state. In the medications models we adjusted for the revised 
Charlson Comorbidity Index (CCI),9 which was used as a factor. In 
three corresponding Cox proportional hazards models we adjusted 
for gender, age and the Simplified Acute Physiology Score 3 (SAPS3). 
Age and SAPS3 were treated as continuous variables after restricted 
cubic spline application. Observations were censored at the date of 
alive ICU discharge or at the 27 may 2020, whichever occurred first. 
The ICD-10 codes for comorbid diagnoses and the ATC codes for 
medications appear in Appendix 2.

As sensitivity analyses we performed the combined regression 
model analyses described above with immunosuppressant drugs and 
RAASi subdivided into ATC subgroups. Furthermore, we added the 
use of continuous renal replacement therapy (CRRT) during ICU care 
to the combined Cox model to explore the influence of severe acute 
renal failure on the effect of RAASi on ICU mortality. Moreover, 
post hoc, we fitted a conditional logistic regressions model on 

EDITORIAL COMMENT

The results of this Swedish nationwide intensive care study 
on risk factors of COVID-19 may be useful in policymak-
ing on the protection of risk groups for severe COVID-19 
infection and ICU death.
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comorbidities and medications with invasive mechanical ventilation 
in the ICU as endpoint. Finally, we fitted a Cox model on complete 
cases to evaluate the imputation process. For the Cox models, miss-
ing SAPS3 and time at risk were imputed by Multivariate Imputation 
by Chained Equations (MICE) and the proportional hazards assump-
tion was evaluated by visual inspection of plots of Schoenfeld resid-
uals against time.

Statistical significance was set to P  <  .05 (two-tailed). Data 
management and descriptive statistics were done using IBM SPSS 
software for Windows version 27 (Microsoft Inc). The regression 
analyses were conducted using R software version 3.5.3 (The R 
Foundation for Statistical Computing, Vienna, Austria; https://
www.r-proje​ct.org) with the survival package and the rms package. 
Imputations were performed with the MICE-package and forest 
plots using the forestplot package.

3  | RESULTS

In the SIRI there were 2786 care episodes with COVID-19 represent-
ing 1981 patients > 17 years old with a PIN included in the RTB from 
which 7924 population controls were drawn. On the date of data ex-
traction, 1544 patients had been discharged from the ICU (Figure 1). 
Demographics, chronic and acute health status and information on 
the ICU care of the cohorts are described in Table 1.

3.1 | Risk of ICU admission

The crude occurrence of all analysed comorbid diseases were more 
common in the ICU-admitted COVID-19 patients than in the controls, 

except for stroke and cancer. In addition, alpha-blockers, tumour ne-
crosis factor-α (TNF-α) inhibitors, interleukin inhibitors, oral antico-
agulants, Lopinavir/Ritonavir and anti-hepatitis C virus (HCV) drugs 
were not associated with ICU admission. All other medications were 
more commonly dispensed to the ICU-admitted patients than to the 
controls (Table 2). Amongst the ICU discharged patients, the crude 
occurrence of ischemic heart disease, hypertension, type 2 diabe-
tes mellitus (T2DM), stroke, chronic obstructive pulmonary disease 
(COPD) and being immunosuppressed were more common in de-
ceased than in ICU survivors. For the remaining comorbidities, there 
were no differences. RAASi, beta-blockers, non-insulin antidiabet-
ics, immunosuppressants, statins and platelet aggregation inhibitors 
were more commonly dispensed to patients who ultimately died in 
the ICU. No other differences were seen for the remaining medica-
tions analysed (Table 2).

In the comorbidities logistic regression model, hypertension, 
T2DM, chronic renal failure (CRF), asthma, obesity and being immu-
nosuppressed were independent risk factors for ICU admission for 
COVID-19 (Figure 2).

In the logistic regression model with medications RAASi, statins 
and immunosuppressant medication, including glucocorticoids, were 
independent risk factors for ICU admission. In the combined comor-
bidities and medication model hypertension, T2DM, CRF, asthma, 
obesity, being a solid organ transplant recipient and immunosup-
pressants, including glucocorticoid therapy, remained independent 
risk factors of ICU admission. In the same model anticoagulant ther-
apy was protective of ICU admission (Figure 3). The list of oral anti-
coagulants used in the cohorts is found in Appendix 3. In these three 
conditional logistic regression models, Lopinavir/Ritonavir and Anti-
HCV and/or Interferon were excluded due to infinite beta.

3.2 | Risk of death

In the comorbidities Cox model asthma, higher SAPS3 and age were 
independent risk factors of death, whereas non-ischemic heart dis-
ease was protective. In the medications Cox model RAASi therapy, 
higher SAPS3 and age were independent risk factors and statins as 
well as oral anticoagulant therapy were protective of ICU mortality. 
Because of no cases with anti HCV therapy, this was excluded from 
the model (Figure 2). In the Cox model combining comorbidities and 
medications increasing SAPS3 and age, stroke, COPD, asthma and 
RAASi therapy remained independent risk factors of ICU death, and 
statins remained protective (Figure 3). Due to missing data, 256 pa-
tients had SAPS3 and 36 patients had time at risk imputed by MICE.

3.3 | Sensitivity analyses

The crude occurrence of the variables used in our models, divided 
on the ICU admitted patients, the ICU discharged patients and the 
patients not yet discharged from ICU is shown in Table 3.

F I G U R E  1   Patient selection flowchart. ICU: intensive care unit. 
Template adopted from the PRISMA-statement5 [Colour figure can 
be viewed at wileyonlinelibrary.com]
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When immunosuppressants and RAASi were further divided 
into subgroups, in the combined comorbidities and medication mod-
els, corticosteroid therapy was an independent risk factor for ICU 
admission but not for ICU mortality. Angiotensin converting enzyme 
inhibitors (ACEi) and Angiotensin receptor blockers (ARB) were 
not independent risk factors of ICU admission but they were risk 
factors of ICU mortality. (Appendix 4). After adding CRRT to a Cox 
model combining comorbidities and medications, RAASi was still an 
independent risk factor for ICU mortality (Appendix 5). When the 
conditional logistic regression model on risk of ICU admission was 

duplicated with the risk of ICU admission with invasive mechanical 
ventilation (IMV) as endpoint hypertension, T2DM, asthma, obesity, 
being a solid organ recipient and treatment with Immunosuppressants 
including glucocorticoids were independent risk factors. For this 
analysis, we lacked data on IMV for 214 ICU patients. Due to in-
finite beta the variables Lopinavir/Ritonavir and Anti-HCV and/or 
Interferon were excluded from the model (Appendix 6). Compared 
to the main analysis, in the Cox proportional hazards model on the 
1691 complete cases, being a solid organ transplant recipient was 
a significant risk factor of ICU mortality and non-ischemic heart 

TA B L E  1   Baseline characteristics of patients, >17 y old, admitted to Swedish ICUs, with COVID-19, between 6th of March and 27th of 
May 2020 and their age and gender matched population controls

COVID-19 
admitted to ICU P Controls

COVID-19 Discharged 
from ICU

COVID-19 discharged 
alive from ICU P

COVID-19 Died 
in ICU

Number of patients 1981 7924 1544 1198 346

Female gender 516 (26) 1.0 2064 (26) 419 (27.1) 345 (28.7) .006 74 (21.4)

Age at ICU-admission 
(years)

61 (52-69) 1.0 61 (52-69) 60 (51-69) 58 (50-67) <.001 67 (59 −74)

Hospital type — — — — .001 —

University 728 (36.7) na 645 (41.7) 528 (44.0) 117 (33.8)

County 832 (42) na 718 (46.4) 524 (43.7) 194 (56.1)

District 205 (10.3) na 181 (11.7) 146 (12.2) 35 (10.1)

SAPS3 53 (46-69) na 53 (46-59) 51.5 (45-57) <.001 58 (52-65.0)

PaO2/FiO2 at 
admission

13.5 (10.3-19.2) na 13.6 (10.4-19.3) 14.0 (10.9-19.5) <.001 12.5 (8.7-17.7)

CCI score 0 (0-0) <.001 0 (0-0) 0 (0-0) 0 (0-0) .189 0 (0-0)

ICU length of stay na na 10.4 (4.4-17.3) 10.5 (4.1-18.0) .74 10.3 (5.0-16.6)

Invasive mechanical 
ventilation

na na 1072 (69.3) 772 (64.3) <.001 30 (86.7)

Invasive mechanical 
ventilation (h)

na na 258 (152-404) 264 (162-409) .01 238 (119-391.3)

Noninvasive 
mechanical 
ventilation

na na 281 (18.9) 227 (19.8) .056 54 (15.8)

Noninvasive 
mechanical 
ventilation (h)

na na 26 (9-58.5) 26 (9-58.5) .41 33.5 (8.75-63.3)

High flow humidified 
nasal oxygen

na na 397 (26.7) 339 (29.6) <.001 58 (17.0)

High flow humidified 
nasal oxygen (h)

na na 34 (15.5-72.5) 40 (20-75) <.001 10 (3-22.5)

Prone positioning na na 565 (38.0) 374 (32) <.001 182 (54.7)

Prone position 
sessions

na na 4 (2-6) 3 (2-6) .25 4 (2-7)

CRRT na na 227 (15.3) 121 (10.6) <.001 106 (31.1)

CRRT (h) na na 302 (141-598) 364.5 (211.8-696.5) .001 239 (96-502)

Surgical admission 42 (2.2) na 49 (2.5) 26 (2.3%) .85 9 (2.6%)

Note: Data are presented as numbers with percentages or medians with interquartile ranges as appropriate, for interventions also as hours of 
intervention.
Abbreviations: CCI, revised Charlson Comorbidity Index; CRRT: continuous renal replacement therapy; ICU, intensive care unit; P, p-value for 
difference between adjacent columns; PaO2/FiO2, is the arterial partial pressure of oxygen divided by the inspired fraction of oxygen; SAPS3, 
Simplified Acute Physiology Score 3.
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TA B L E  2   Diagnoses and medications of patients, >17 y old, admitted to Swedish ICUs, with COVID-19, between 6th of March and 27th 
of May 2020, their age and gender matched general population controls and ICU discharged patients of the same cohort

COVID-19 
admitted to ICU P Controls

COVID-19 discharged 
alive from ICU P

COVID-19 Died 
in ICU

Ischemic heart disease 142 (7.2) .002 420 (5.3) 69 (5.8) .035 31 (9.0)

Non-ischemic heart disease 175 (8.8) <.001 488 (6.2) 96 (8.0) .38 33 (9.5)

Hypertension 982 (49.6) <.001 2997 (37.8) 539 (44.9) <.001 211 (61.3)

Diabetes mellitus type 1 40 (2.0) .003 89 (1.1) 28 (2.3) .20 4 (1.2)

Diabetes mellitus type 2 482 (24.3) <0.001 828 (10.4) 273 (22.8) .038 98 (28.3)

Stroke 59 (3.0) .126 188 (2.4) 30 (2.5) .031 17 (4.9)

Chronic Renal failure 75 (3.8) <.001 86 (1.1) 40 (3.3) .41 15 (4.3)

COPD 75 (3.8) <.001 146 (1.8) 37 (3.1) .048 19 (5.5)

Asthma 133 (6.7) <.001 128 (1.6) 73 (3.1) .051 32 (9.2)

Obesity 123 (6.2) <.001 138 (1,7) 67 (5.6) 1 19 (5.5)

Immunosuppressed 236 (11.9) <.001 439 (5.5) 127 (10.6) .028 52 (15.1)

Cancer 94 (4.7) .356 338 (4.3) 52 (4.3) .66 17 (4.9)

Inflammatory disease 115 (5.8) <.001 245 (3.1) 63 (5.3) .19 25 (7.2)

Solid organ transplant recipient 24 (1.2) <.001 11 (0.1) 11 (0.9) .24 6 (1.7)

ACE-inhibitor 311 (15.7) <.001 930 (11.7) 155 (12.9) <.001 75 (21.7)

ARB 397 (20.0) <.001 1242 (15.7) 213 (17.8) <.001 94 (27.2)

Renin inhibitor 0 na 0 0 na 0

Any RAASi 695 (35.1) <.001 2144 (27.1) 361 (30.1) <.001 164 (47.4)

Alfa-blocker 18 (0.9) .121 47 (0.6) 13 (1.1) .54 2 (0.6)

Beta-blocker 430 (21.7) <.001 1328 (16.8) 232 (19.3) <.001 106 (30.6)

Antihypertensive use excluding 
RAASi, beta-blockers and 
alpha-blockers

129 (6.5) <.001 261 (3.3) 74 (6.2) .90 22 (6.4)

Antidiabetics, non-insulin 385 (19.4) <.001 702 (8.9) 215 (17.9) .003 87 (25.1)

Insulin 170 (8.6) <.001 255 (3.2) 99 (8.3) .91 27 (8.3)

Immunosuppressive treatment, not 
glucocorticoids

75 (3.8) <.001 144 (1.8) 36 (3.0) .032 19 (5.5)

Selective immunosuppressant 
(L04AA)

28 (1.4) <.001 24 (0.3) 15 (1.3) 1.0 4 (1.2)

TNF-α-inhibitor (L04AB) 10 (0.5) .705 34 (0.4) 9 (0.8) .22 0 (0.0)

Interleukin-inhibitor (L04AC) 2 (0.1) 1.0 8 (0.1) 1 ( 0.1) 1.0 0 (0.0)

Calcineurase-inhibitor (L04AD) 25 (1.3) <.001 13 (0.2) 12 (1.0) .26 6 (1.7)

Other immunosuppressant 
(L04AX)

51 (2.6) .006 128 (1.6) 26 (2.2) .081 14 (4.0)

Systemic glucocorticoid treatment 193 (9.7) <.001 301 (3.8) 103 (8.6) .093 40 (11.6)

Immunosuppressive treatment 
including glucocorticoids

223 (11.3) <.001 399 (5.0) 117 (9.8) .018 50 (14.5)

Statins 518 (26.1) <.001 1530 (19.3) 275 (22.9) .001 110 (31.8)

Oral anticoagulants 130 (6.6) .758 504 (6.4) 71 (5.9) .31 26 (7.5)

Platelet aggregation inhibitors 279 (14.1) <.001 840 (10.6) 130 (10.8) <.001 68 (19.7)

Lopinavir-Ritonavir Ritonavir 1 (0.1) .488 2 (0.0) 1 (0.1) 1.0 0 (0.0)

Anti HCV and/or Interferon 1 (0.1) .698 8 (0.1) 0 (0.0) na 0 (0.0)

Note: Data are presented as numbers with percentages.
Abbreviations: ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease; HCV, 
hepatitis C virus; ICU, intensive care unit; P, P-value for difference between adjacent columns calculated by Fisher´s exact test; RAASi, renin 
angiotensin aldosterone system inhibitors; TNF, tumour necrosis factor.
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disease was protective. Stroke was no longer a significant risk factor 
and Statins were no longer protective (Appendix 7).

4  | DISCUSSION

The main finding in this cohort study on 1981 COVID-19 ICU patients 
and 7924 age- and sex-matched controls is that, not only age, sex and 
acute disease severity, but also several comorbidities and ongoing 
medications, were linked to the risk of ICU admission and ICU mor-
tality. This is contrary with the findings of another, not yet peer re-
viewed, study on a very similar ICU cohort (Chew MS, Blixt P, Åhman 
R, Engerström L, Andersson H, Kiiski Berggren R, Tegnell A, McIntyre 
S). Characteristics and outcomes of patients admitted to Swedish inten-
sive care units for COVID-19 during the first 60 days of the 2020 pan-
demic: a registry-based, multicenter, observational study. Vol. 21. 2020. 
https://www.medrx​iv.org/conte​nt/10.1101/2020.08.06.20169​
599v1.full.pdf). In contrast with the referred study, in which the 
admitting physician assessed comorbidity data retrospectively, our 
comorbidity data were retrieved from several high quality registries 
who have collected their data prospectively.

Another important finding is the protective effect, vis-à-vis 
ICU admission, of oral anticoagulant therapy preceding inclusion. 
Anticoagulants were also protective of ICU death in the medications 
model; however, this protective effect disappeared after adjusting 
for comorbidities. These findings contradict a cohort study in 139 
COVID-19 patients on anticoagulants and 417 COVID-19 positive 
propensity score-matched controls. However, in that study the ini-
tial cohort had a high level of cases for which controls could not 
be found and the primary endpoint was neither ICU admission nor 
ICU mortality.10 Furthermore, our findings strengthen the evidence 
behind treatment guidelines with anticoagulants in COVID-19.11 
Statins have been proposed protective of severe COVID-19 disease 
12,13 and the protective effect of statins is reported by others re-
garding both ICU admission14 and mortality,15,16 but in some cohorts 
no such effect was seen.17 Contrary to this, ongoing statin use in 
our cohort was found a risk factor of ICU admission. However, in 
the present study, which includes substantially more statin treated 
patients than the two referred to above, we did not find a protec-
tive effect on ICU admission but demonstrate a protective effect 
on ICU mortality. Moreover, the level of care for similar patients 
may vary between countries. Yet another important finding in the 

F I G U R E  2   Forest plots of the binary 
logistic regressions models over risk of 
ICU admission and Cox proportional 
hazards models over risk of ICU death. 
CCI, Charlson comorbidity index; CI, 
confidence interval; COPD, chronic 
obstructive pulmonary disease; HR, 
hazard ratio; OR, odds ratio; RAASi, 
Renin-Angiotensin-Aldosterone System 
inhibitors; SAPS3, Simplified Acute 
Physiology Score 3; SAPS3, Simplified 
Acute Physiology Score 3 [Colour figure 
can be viewed at wileyonlinelibrary.com]

F I G U R E  3   Forest plots of the binary 
logistic regressions models over risk of 
ICU admission and Cox proportional 
hazards models over risk of ICU death, 
comorbidity and medications combined. 
CI, confidence interval; COPD, chronic 
obstructive pulmonary disease; HR, 
hazard ratio; OR, odds ratio; RAASi, 
Renin-Angiotensin-Aldosterone System 
inhibitors; SAPS3, Simplified Acute 
Physiology Score 3. [Colour figure can be 
viewed at wileyonlinelibrary.com]

https://www.medrxiv.org/content/10.1101/2020.08.06.20169599v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.08.06.20169599v1.full.pdf
www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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current study is that although obesity was a risk factor for ICU ad-
mission, it was not a risk factor for ICU death. This is in line with the 
findings from a smaller study assessing obesity as a risk factor of 
illness severity in COVID-19 patients 18 and also studies on sepsis.19 
Furthermore, it supports the findings from a large Brazilian cohort 
explored for risk factors of COVID-19 mortality.20 Although COPD 
has been suggested as a risk factor for severe COVID-19 disease,21 
this was not confirmed in our main analyses on risk of ICU admission 
but it was associated with ICU mortality. However, asthma was a 

risk factor across all analyses. Perhaps severe COPD patients are 
more often subject to limitations of care or we do not adjust for 
some protective factors related to COPD.

In contrast with previous studies, RAASi were associated with 
an increased risk of ICU death after adjusting for comorbidities. 
On the assumption that acute renal failure would be a mediator 
we added use of CRRT to the model. However, RAASi was still, al-
though to a lesser extent, associated with ICU mortality, suggesting 
that acute renal failure could not explain the association between 

ICU admitted 
cohort

ICU discharged 
cohort P

Not yet ICU 
discharged patients

Number of patients 1981 1544 437

Age 61 (52-69) 60 (51-69) .11 62 (54-69)

SAPS3 53 (46-69) 53 (46-59) .91 53 (46-59)

Female sex 516 (26) 419 (27.1) .042 97 (22.2)

Ischemic heart disease 142 (7.2) 99 (6.4) .020 43 (9.8)

Non-ischemic heart 
disease

175 (8.8) 129 (8.4) .18 46 (10.4)

Hypertension 982 (49.6) 750 (48.6) .10 232 (53.1)

Type 1 diabetes mellitus 40 (2.0) 31 (2.0) 1.00 9 (2.1)

Type 2 diabetes mellitus 482 (24.3) 369 (23.9) .41 113 (25.9)

Stroke 59 (3.0) 47 (3.0) .87 12 (2.7)

Chronic renal failure 75 (3.8) 55 (3.6) .39 20 (4.6)

COPD 75 (3.8) 56 (3.6) .48 19 (4.3)

Asthma 133 (6.7) 105 (6.8) .83 28 (6.4)

Obesity 123 (6.2) 86 (5.6) .032 37 (8.5)

Systemic inflammatory 
disease

115 (5.8) 88 (5.7) .73 27 (6.2)

Solid organ transplant 
recipient

24 (1.2) 17 (1.1) .46 7 (1.6)

Cancer 94 (4.7) 69 (4.5) .31 25 (5.7)

RAASi 695 (35.1) 524 (33.9) .047 171 (39.1)

Alpha-blocker 18 (0.9) 15 (1.0) .78 3 (0.7)

Beta-blocker 430 (21.7) 338 (21.9) .74 92 (21.1)

Statins 518 (26.1) 384 (24.9 .016 134 (30.7)

Immunosuppressants 
including 
glucocorticoids

223 (11.3) 167 (10.8) .27 56 (12.8)

Oral anticoagulants 130 (6.6) 97 (6.3) .38 33 (7.6)

Thrombocyte 
aggregation inhibitors

279 (14.1) 198 (12.8) .003 81 (18.5)

Lopinavir/Ritonavir 1 (0.1) 1 (0.1) 1.0 0 (0.0)

Anti HCV and/or 
Interferon

1 (0.1) 0 (0.0) .22 1 (0.2)

Note: Data are presented as numbers with percentages or median with interquartile range as 
appropriate.
Abbreviations: COPD, chronic obstructive pulmonary disease; HCV, hepatitis C virus; ICU, 
intensive care unit; P, P-value for difference between adjacent columns calculated by Fisher´s 
exact test or Mann-Whitney U test as appropriate; RAASi, renin angiotensin aldosterone system 
inhibitors.

TA B L E  3   Characteristics, of variables 
used in the models, of patients, > 
17, admitted to Swedish ICUs, with 
COVID-19, between 6th of March and 
27th of May 2020



532  |     AHLSTRÖM et al.

these. Most studies investigating the relationship between RAASi 
and COVID-19 are underpowered to detect such an effect or had 
the risk of acquiring COVID-19 as an endpoint.1 One large study 
showed an increased crude risk of ICU admission or death in patients 
with RAASi and COVID-19, but this effect was not seen after ad-
justment in a regression model.22 This discrepancy between studies 
might reflect different cohort demographics or the method of ad-
justment of the models. In light of the report of the Dexamethasone 
arm of the RECOVERY trial,3 the finding that ongoing immunosup-
pressant treatment and more specifically glucocorticoid treatment 
is a risk factor of ICU care is intriguing. We speculate that this is a 
matter of timing. The adverse effects of long-term corticosteroid 
treatment as well as a possible negative effect of corticosteroid 
induced immunosuppression in the early phases of the COVID-19 
disease might be causative; however, this needs to be confirmed in 
future studies. Lastly, in several studies diabetes mellitus has been 
a risk factor of severe COVID-19 and/or death 18,23; however, in our 
cohort the risk increase of ICU admission is solely represented by 
type 2 diabetes mellitus contrary with previous works.24 COVID-19 
has been reported being a risk factor of ischemic stroke in previous 
studies25 and stroke has been linked to COVID-19 mortality in a 
general population cohort.26 Here, we report that previous stroke 
is a risk factor of COVID-19 related ICU mortality.

One important limitation of the present study is that patients 
with an indication for ICU care may not be admitted because of ca-
pacity strain and care limitations. High age and severe comorbidi-
ties are reasons for such limitations, which might skew the results. 
However, this constraint is inherent in ICU care. The surge might 
also have altered usual indication of ICU care with an increased use 
of high flow oxygen and noninvasive mechanical ventilation on the 
hospital wards. To address this we performed a sensitivity analysis 
on patients with IMV during ICU. This conditional logistic regression 
rendered the same results as our primary analysis on ICU admission 
apart from oral anticoagulants not being protective. However, for a 
significant proportion of the ICU-admitted patients we lack informa-
tion on IMV, which might affect the results. In addition, the control 
population was not matched for residence, which may affect the 
prevalence of the tested prognostic factors that vary somewhat be-
tween different parts of Sweden.27 However, these differences may 
have been related to age differences between regions of Sweden 
and for our study we used age-matched controls. Lastly, the lack of 
data on frailty, which is an important risk factor of ICU mortality, 
especially in the aged,28 is also an important limitation.

This study has several strengths. We compared the COVID-19 ICU 
population to a relevant control cohort of the general population to cre-
ate a robust dataset for analysis of risk factors and protective factors of 
severe COVID-19 defined by ICU admission and death. The cohort and 
all data in our dataset are derived from high-quality national registries 
with a low rate of missing data. We believe that this approach is superior 
to identifying controls by a negative COVID-19 test, which is a common 
strategy used by others.1,29 We sought to include severe  COVID-19 
and the low median arterial partial oxygen pressure divided by the frac-
tion of inspired oxygen (PaO2/FiO2) at ICU admission suggests severe 

hypoxic respiratory failure in the ICU-admitted cohort. Moreover, the 
high proportion of invasively ventilated patients amongst the dataset 
is also proof of a high degree of a physiological disorder. Lastly, we had 
a relatively high degree of missing SAPS3 data. The missingness is due 
to the fact that 437 patients were still not discharged at date of data 
collection and that several ICUs report SAPS3 data to the SIR only after 
ICU discharge of the patient. We chose to impute these data due to 
the high risk of bias related to the missingness. The stability of the im-
putation was tested with a sensitivity analysis on complete cases. The 
results of this model were consistent with the complete cases model, 
but differed in the effect on outcome for being a solid organ transplant 
recipient and previous stroke. These variables had few observations 
and wide 95% CI. Also non-ischemic heart disease and previous use of 
statins differed between the complete vs imputed models. Common 
to these variables was that their statistical interpretation was sensitive 
to small changes in the dataset. Due to this we have a high confidence 
in our results, especially for the majority of the variables that did not 
change their effect over the sensitivity analysis.

5  | CONCLUSION

This nationwide matched cohort study on risk factors of COVID-19 
found that ongoing therapy with anticoagulants is protective of 
COVID-related ICU admission and ongoing therapy with statins 
were protective of ICU death. In addition, T2DM, CRF, asthma, obe-
sity, being a solid organ recipient and ongoing immunosuppression 
were independent risk factors for ICU admission. Increasing age, 
stroke, COPD and asthma were associated with ICU death, as was 
ongoing treatment with RAASi. Our findings may be useful in policy-
making on the protection of risk groups of severe COVID-19 infec-
tion and ICU death and warrant further research on anticoagulation 
and RAASi in COVID-19 disease.
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