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ABSTRACT

Background: Long-term symptoms are common after the acute phase of COVID-19. We hypothesized that sick leave as an
estimate of functional recovery, adjusted for confounding, differs between intensive care unit (ICU) and hospitalized COVID-19
patients and population controls.

Methods: In this cohort study, we identified all working-age individuals with COVID-19 admitted to ICUs or hospitals until July
20, 2020 from national registries. Matched population controls were randomly assigned to each ICU patient. Using logistic re-
gression to adjust for confounding, we compared ICU patients to hospital patients and population controls on the number of sick
leave-free days alive during the first year after hospital discharge and the proportion of alive individuals on sick leave after 1 year.
Results: We included 1020 COVID-19 ICU patients, 5306 COVID-19 hospital patients, and 4387 population controls. The ICU
patients had a median of 271 (interquartile range, 33-349) sick leave-free days alive, while hospital patients had 354 (334-365)
and population controls 365 (365-365). ICU patients had an odds ratio (OR) of 0.14 (0.12-0.16, 95% confidence interval) compared
to hospital patients, and 0.02 (0.02-0.03, both p <0.001) compared to population controls for at least one more sick leave-free day
alive. Being on sick leave 1 year after inclusion had similar but inverse ORs.

Conclusion: This national cohort study, in ICU and hospitalized patients with COVID-19, shows that the severity of COVID-19
disease, functional and health status before COVID-19, and demographic factors had a major impact on recovery.

Trial Registration: NCT05054608

Abbreviations: CCI, Charlson comorbidity index; CI, confidence interval; COVID-19, Corona virus disease 2019; ICD-10, International Classification of Diseases—
10th Revision; ICU, intensive care unit; IQR, interquartile range; NPR, National Patient Registry; OR, odds ratio; PIN, personal identification number; SIR, Swedish
Intensive Care Registry; SSIA, Swedish Social Security Agency; TPR, Total Population Registry.
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1 | Introduction

From early 2020, the Coronavirus disease 2019 (COVID-19)
burdened healthcare systems, especially intensive care units
(ICUs). Short- and intermediate-term mortality is high in hos-
pital- and ICU-admitted patients. However, mortality is low be-
yond 60-90days from ICU admission [1, 2]. Apart from mortality,
there are two distinct sets of consequences of ICU admission with
COVID-19: post-COVID-19 (also known as Long-COVID) with
multi-organ impact, partially correlated to illness severity in non-
hospitalized individuals and post-intensive care syndrome, related
to multi-organ failure and other factors during ICU stay [3-6].

General long-term consequences of COVID-19 are well described
[3]; however, long-term consequences in persons admitted to
ICU are less well documented, especially in large cohorts from
national registries not exposed to selection bias from excluding
the most severely affected individuals. Moreover, except for one
large meta-analysis reporting on Long-COVID symptoms, but
not the functional consequences [7], the existing cohort studies
on health-related quality of life and sick leave are burdened by
small sample sizes or partially self-reported data in contrast to
the prospective nature and large size of national registry stud-
ies [8-19], especially regarding ICU admitted patients. Return to
work is a sensitive marker of recovered health in several disease
categories, whereas inability to return to work is a strong marker
of failed return of physical, cognitive, psychological, and social
functions, that is, functional recovery [20-23]. Return to work
can be approximated by the end of sick leave, and the sickness
cash benefit in Sweden is, by international standards, liberal and
includes virtually the entire Swedish workforce but depends on
medical assessment [24, 25]. Thus, the extent of not returning
from sick leave is appropriate in approximating the return of
function after severe illness based on medical assessment in a
large cohort that covers the entire working population.

We hypothesized that ICU-treated patients would have fewer
sick leave-free days alive after adjustment for relevant confound-
ing, reflecting a more severely affected health and function than
hospitalized COVID-19 patients without ICU treatment or con-
trols from the general population. We also expected a similar
sick leave pattern 1 year after inclusion in 1-year survivors.
Accordingly, we conducted a nationwide registry-based study of
sick leave after severe COVID-19.

2 | Methods

This registry-based cohort study with prospectively collected reg-
istry data is reported following the STROBE (strengthening the re-
porting of observational studies in epidemiology) guidelines [26].
The study was registered a priori on September 20,2021, with a post
hoc amendment on November 30, 2022, with ClinicalTrials.com
(https://clinicaltrials.gov/study/NCT05054608).

2.1 | Data Sources
The Swedish Intensive Care Registry (SIR), a level one quality

registry, was used to identify ICU patients with COVID-19. The
registry covers all care episodes in all general ICUs in Sweden. The

Swedish Board of Health and Welfare identified all individuals
with at least one in-patient episode with COVID-19 in the National
Patient Register (NPR). Reporting to the NPR is mandatory for all
specialized care in Sweden. The NPR also provided information on
previous health status. Statistics Sweden used the Total Population
Registry (TPR) to draw random population control subjects,
matched on age, sex, and area of residence, to the ICU patients in a
4:1 ratio. Statistics Sweden also provided demographic, labor mar-
ket, and income information from the TPR and the Longitudinal
integrated database for health insurance and labor market studies
on all individuals in the study. These registries have complete cov-
erage of all Swedish residents. Data on sick leave and sick pension,
hereafter referred to as sick leave, were procured from the Swedish
Social Insurance Agency (SSIA) which administers sickness cash
benefits. Sickness cash benefits cover all individuals in the labor
market; however, during the first 2weeks of sick leave, the em-
ployer is responsible for sickness benefits. Thus, the agency has
data on sick leave beyond the first 2weeks of the sick leave period.
Using the personal identification number (PIN) available for all
Swedish residents, we could link data from the different registries.

2.2 | Cohort

We compared three groups of individuals: the ICU group, the
hospital group, and the population control group. The inclusion
criteria included having a Swedish PIN, hospital discharge be-
tween January 1, 2020 and July 20, 2020, and age 18-63years.
The age interval captures working-age adults at a 1-year fol-
low-up. Exclusion criteria included having received pension
the last year before admission or having extensive sick leave
in the period 6 months to 2weeks before admission. Extensive
sick leave was defined as having either 28days of continuous
sick leave or having > 5 separate sick leave episodes during the
period [27]. The ICU group included ICU patients discharged
with a COVID-19 diagnosis code (U07.1 in the International
Classification of Diseases—10th Revision, ICD-10) as identified
in the SIR. The hospital group comprised hospital-admitted pa-
tients, not admitted to the ICU, discharged with a COVID-19
diagnosis code U07.1 identified in the NPR. Both registries de-
mand a positive polymerase chain reaction test for Sars-Cov-2 to
use the ICD-10 code U07.1. The third group, the population con-
trol group, consisted of random individuals matched to the ICU
cohort by sex, age, and county. The population controls were not
admitted to hospital or ICU with COVID-19. The hospital dis-
charge date was used as the inclusion date for the ICU and hos-
pital groups. The population controls had their matching ICU
patient's discharge date as the inclusion date. The individuals
were included on their first admission with COVID-19.

2.3 | Outcomes

Our primary outcome was odds ratio (OR) for having one or sev-
eral more sick leave-free days alive between the ICU patients
and the hospital patients, as well as between the ICU patients
and the population controls in ordinal logistic multiple regres-
sion. Sick leave-free days alive was defined as the number of
days the individual was alive without any degree of sick leave
during the first year after inclusion. Our secondary outcome was
OR for being on any degree of sick leave 1 year after inclusion
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between the ICU patients and the two control groups in binary
logistic multiple regression models.

2.4 | Statistics

Data are presented as medians with interquartile range (IQR) or
numbers with percentages. Univariate comparisons were per-
formed with the Mann-Whitney U test or chi-square test as appro-
priate. Statistical significance was set at p-value <0.05 (two-sided)
and multiple comparisons in descriptive tables were addressed
with the Bonferroni correction. Confidence intervals (CIs) were
computed using a one-sample binomial success rate for the pro-
portion of individuals on sick leave per day after inclusion. For the
primary outcome, we chose ordinal logistic regression with a logit
link function to model sick leave-free days alive based on Harrell's
visual method [28]. Based on the estimate for the group variable,
we calculated an unadjusted difference, with 95% CI in sick-free
days alive between groups using bootstrapping. Concordantly,
we also estimated the adjusted difference between groups. The
secondary outcome was modeled in binary logistic regression to
assess the risk difference between groups for being on sick leave
1 year after inclusion. Lack of linearity between age and previ-
ous income and the outcomes was addressed by restricted cubic
spline application in all models, and the ORs were calculated for
the difference between the first and third quartiles [29]. The up-
dated Charlson comorbidity index (CCI) was treated as a factor,
and due to empty cells, we categorized CCI 6 to 11 into CCI 6
for the statistical models [30]. Finally, due to several zero values,
we applied square root transformation to previous income for sta-
tistical modeling. However, despite this, the model on being on
sick leave 1 year after inclusion did not converge for ICU patients
and population controls until we excluded the previous income
variable. Adjustment variables were chosen based on directed
acyclic graphs. Definitions for model variables are listed in the
Supporting Information (Table S1) and all variables in the models
are displayed in the results figures with accompanying estimates.
We did not perform conditional models on the matched strata,
which would be inappropriate in this cohort study design [31].

2.5 | Missing Data and Sensitivity Analyses

Missing data were imputed into 10 datasets and the regression
model outputs were pooled [32]. The unadjusted and adjusted
differences in sick-free days alive between groups were calcu-
lated on complete cases. Several sensitivity analyses were per-
formed and the rationale behind them is found in Table S2.

We used the R Software version 4.2.3 for data management,
descriptive statistics and regression analyses, plots, and multi-
ple imputations, (The R Foundation for Statistical Computing,
Vienna, Austria; https://www.r-project.org).

3 | Results

We included 1020 patients in the ICU group, 5306 in the hospital
group, and 4387 individuals in the population control group to an-
alyze sick leave-free days alive. For the analysis of the secondary
outcome, being on sick leave 1 year after inclusion, individuals

who died during follow-up were excluded, leaving 880 patients in
the ICU group, 5261 in the hospital group, and 4386 individuals
in the population control group (Figure S1). The groups differed
numerically in baseline characteristics (Table 1) and the baseline
data for the cohort, in which 1-year non-survivors have been ex-
cluded, are given in Table S3.

3.1 | Missing Data and Loss to Follow-Up

Missing data were imputed in the highest education (2%) and
civil status (0.4%) variables. Two individuals, one from the hos-
pital group and one from the population control group, had an
emigration date during the follow-up period. These individuals
were not excluded, but are effectively censored after emigration.

3.2 | Crude Outcomes

The number of sick leave-free days alive was lowest in the ICU
patients (median 271, 33-349, Q1-Q3), higher in the hospital pa-
tients (354, 334-365), and highest in the population controls (365,
365-365, Table 2). Using bootstrapping, we calculated the mean
difference (with 95% CI) in sick leave-free days alive. The ICU pa-
tients had 117 (108-126) fewer sick leave-free days alive than the
hospital patients and 146 (137-154) fewer than the population con-
trols. The proportion of individuals on sick leave on each separate
day from inclusion to day 365 was higher in the ICU group than in
the hospital group and the population controls (Figure 1). In 15%
(99% CI, 12-19) of ICU patients, 5% (4-6) of the hospital patients,
and 2% (2-3) were on sick leave at day 365. The distribution of sick
leave diagnoses is summarized in Figure S3. In Figure S3 we show
the proportion of individuals on sick leave before exclusion of the
individuals with extensive sick leave before inclusion.

3.3 | Logistic Models

Group affiliation was a significant variable in the ordinal logis-
tic model on sick leave-free days alive including ICU patients and
hospital patients (OR 0.14, 0.12-0.16, 95% CI, p<0.001) and in
ICU patients and population controls (OR 0.02, 95% CI 0.02-0.03,
p<0.001). Thus, the ICU patients had lower odds of having another
day sick free alive than the hospital patients and the population con-
trols (Figure 2). We calculated the adjusted mean difference in sick
leave-free days alive from the models. The ICU group had 95 (85-
106, 95% CI) less adjusted sick leave-free days alive than the hospital
patients and 136 (126-145) less than the population controls.

In binary logistic models with being on sick leave 1 year after
inclusion as outcome, performed on all individuals alive 1 year
after inclusion, group affiliation was significant in ICU patients
and hospital patients (OR 3.65, 95% CI 2.89-4.62, p<0.001)
and in ICU patients and population controls (OR 6.53, 95% CI
4.83-8.84, p<0.001) (Figure 3).

3.4 | Sensitivity Analyses

There were minor differences in the OR for the group variable
between the primary and sensitivity analyses. These differences

30f9

85U8017 SUOWILLOD 8A1IE81D) 8|qeotdde 8Ly Aq peusenof afe sejoie VO ‘88N JO Sa|nI o} Akeid18Ul|UO /8|1 UO (SUONIPUOD-PUR-SLLIB)/LIO" AB 1M ARIq 1 BUIUO//SdNL) SUORIPUOD PUe SWS | 8U188S *[5202/20/7T] uo Akiqiauluo feim ‘Bisenun eesddn Aq 8500, See/TTTT 0T/I0p/wW00 A8 |im Al jeuljuo//Sdny Wwolj pepeoiumoq ‘9 ‘SZ0Z ‘9/S966ET


https://www.r-project.org

TABLE1 | Baseline characteristics of ICU patients, hospital patients, and population controls.

Continuous renal replacement therapy
Surgical admission

Receiving unemployment benefit 1 year before
inclusion

Annual income 1 year before inclusion, Euro

Origin
Born in Sweden to Swedish parents

Born in a high-income country or parents
from a high-income country outside Sweden

Born in a low-income country or parents
from a low-income country outside Sweden

Education
Missing
<9years elementary school

9years elementary school to < 3years high
school

3years high school to < 3years in college/
university

> 3years of college/university
Civil status
Missing
Married or in a registered partnership
Unmarried
Divorced

Widowed

ICU patients Hospital patients Population controls
N 1020 5306 4387
Age 53 [46-58] 48 [38-56] 52 [45-58]
Sex, female 247 (24.2%) 2233 (42.1%) 1145 (26.1%)
CCI 0(0-1) 0(0-0) 0 (0-0)
SAPS3 49 (43-53) — —
Invasive mechanical ventilation 709 (69.5%) — —
Non-invasive mechanical ventilation 204 (20.0%) — —

132 (12.9%) — —
20(2.0) — _
26 (1.9) 164 (2.4) 102 (1.8)

51,260 [33,660-67,540] 50,930 [31,570-67,540] 59,950 [44000-79,200]

388 (38.0%) 2168 (40.9%) 3177 (72.4%)
184(18.0%) 963 (18.1%) 586(13.4%)
448 (43.9%) 2175 (41.0%) 624 (14.2%)
28 (2.7%) 140 (2.6%) 71 (1.6%)
100 (10.1%) 497 (9.6%) 106 (2.5%)
369 (37.2%) 1754 (34.0%) 1574 (36.5%)
333 (33.6%) 1739 (33.7%) 1551 (35.9%)
190 (19.2%) 1176 (22.8%) 1085 (25.1%)
6 (0.6%) 26 (0.5%) 7(0.2%)
571 (56.3%) 2825 (53.5%) 2160 (49.3%)
266 (26.2%) 1533 (29.0%) 1565 (35.7%)
164 (16.2%) 873 (16.5%) 638 (14.6%)
13 (1.3%) 49 (0.9%) 17 (0.4%)

Note: Data are presented as numbers with percentages or medians with [Q1-Q3]. Hospital patients were not admitted to an ICU. Population controls were not admitted
to a hospital with COVID-19. On December 31, 2019, 1 Swedish krona=0.11 Euro [33].

Abbreviations: CCI, the updated Charlson comorbidity index; COVID-19, coronavirus disease 2019; ICU, intensive care unit [30, 34]; SAPS3, Simplified Acute
Physiology Score 3 [35].

are summarized in Table S4. The detailed model results are pro- incomplete functional recovery in adjusted statistical models
vided in Tables S5-S20.

4

| Discussion

where patients with COVID-19 admitted to the ICU were com-
pared to hospitalized patients with COVID-19 and population
controls. The adjusted mean difference in sick leave-free days
alive between ICU patients and hospitalized patients was over
95days, and the difference between ICU patients and popula-

In this nationwide cohort study, operationalizing functional tion control individuals was 136days. Thus, ICU patients are
recovery as sick leave-free days alive, we found a slow and more exposed to sick leave than hospital patients and population

4

of 9

Acta Anaesthesiologica Scandinavica, 2025

85U8017 SUOWILLOD 8A1IE81D) 8|qeotdde 8Ly Aq peusenof afe sejoie VO ‘88N JO Sa|nI o} Akeid18Ul|UO /8|1 UO (SUONIPUOD-PUR-SLLIB)/LIO" AB 1M ARIq 1 BUIUO//SdNL) SUORIPUOD PUe SWS | 8U188S *[5202/20/7T] uo Akiqiauluo feim ‘Bisenun eesddn Aq 8500, See/TTTT 0T/I0p/wW00 A8 |im Al jeuljuo//Sdny Wwolj pepeoiumoq ‘9 ‘SZ0Z ‘9/S966ET



TABLE 2 | Outcomes 1 year after inclusion stratified by group.

ICU patients Hospital patients P Population controls p

N 1020 5306 4387

Sick leave-free alive days first year after inclusion
Median (IQR) 271 [33-349] 354 [334-365] <0.001 365 [365-365] <0.001
Mean (SD) 214 (145) 330 (71) 358 (34)
Dead within 1 year 140 (13%) 45 (0.8%) <0.001 1(0.02%) <0.001
Receiving pension after 1 year 13 (1.3%) 55 (1.0%) >0.99 86 (2.0%) >0.99
Receiving unemployment benefit 28 (2.7%) 185 (3.5%) >0.99 101 (2.3%) >0.99
after 1 year
n (1-year survivors) 880 (86%) 5261 (99%) 4386 (99%)
On sick leave 1 year after 136 (15.5%) 263 (5.0%) <0.001 105 (2.4%) <0.001
inclusion

Sick leave-free days first year after inclusion
Median (IQR) 303 [167-357] 354 [335-365] <0.001 365 [365-365] <0.001
Mean (SD) 248 (126) 333 (65) 358 (34)
Receiving pension 13 (1.5%) 55(1.0%) >0.99 86 (2.0%) >0.99
Receiving unemployment benefit 28 (3.2%) 185 (3.5%) >0.99 101 (2.3%) >0.99

Note: Data are presented as numbers with (percentages), medians with interquartile ranges [Q1-Q3] or mean with standard deviation (SD) as appropriate. Hospital
patients were not admitted to an ICU. Population controls were not admitted to a hospital with COVID-19. p-values are Bonferroni transformed and refer to the

difference between ICU patients and the column to the left of the p-value.

Abbreviations: COVID-19, coronavirus disease 2019; ICU, intensive care unit.
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FIGURE1 | The proportion of alive individuals on sick leave, daily between 6 months before, to 1 year after inclusion, stratified by group. The gray

area represents the 99% pointwise confidence interval. COVID-19, coronavirus disease 2019; ICU, intensive care unit.
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a. ICU patients and hospital patients

Decreasing odds for more sick leave free days

—_—
—_—
—
—_—
—_—
-_—
——
—
—
—_—
—
—_—
—
——
T T T T T T T T 1
0.12 0.18 0.25 0.35 0.50 0.71 1.0 1.41 4.0

Increasing odds for more sick leave free days

Variable OR 95 % Cl P-value
Age 0.6 0.52 - 0.68 0.044*
Income one year before inclusion 0.65 0.58 - 0.73 <0.001*
Group, ICU patients (ref. hospital patients) 0.14 0.12-0.16 <0.001
CCl (ref 0) <0.001

CCl1 0.73 0.64 - 0.84

CCl 2 0.7 0.56 - 0.87

CCI 3 0.62 0.41-0.94

CCl 4 0.33 0.18 - 0.59

CCl5 0.44 0.15-1.26

CCl 6-11 0.23 0.13-0.41
Sex, female (ref. male) 0.81 0.73-0.9 <0.001
Civil status (ref. married) 0.64

Divorced 1.02 0.89-1.16

Unmarried 0.98 0.87-1.11

Widow 1.41 0.82-243
Origin (ref. Swedish) <0.001

Parents from high income country 0.83 0.73-0.94

Parents from low income country 111 0.99-125
Education (ref. 9 years elementary school 0.009
to less than 3 years in high school

Less than 9 years elementary school 1.24 1.02-15

to less than 3 years in high school

Three years high school 113 0.99 -1.29

to less than 3 years in college/university

Three years or more college or university 0.95 0.85 - 1.06

b.ICU i and

Variable OR 95% Cl P-value
Age 0.57 0.44 -0.73 <0.021*
Income one year before inclusion 0.98 0.81-1.18 <0.001*
Group, ICU patients (ref. population controls) 0.02 0.02 - 0.03 <0.001
CCl (ref 0) <0.001

CCl1 0.79 0.61-1.03

CCl 2 0.58 0.42-0.8

CCI 3 0.51 0.28 - 0.93

CCl4 0.25 0.11-0.56

CCl5 0.38 0.1-1.45

CCl 6-11 0.58 0.16 - 2.06
Sex, female (ref. male) 0.82 0.69 - 0.98 0.032
Civil status (ref. married) 0.41

Divorced 0.88 0.71-1.09

Unmarried 1.09 0.9-1.31

Widow 0.87 0.36 - 2.14
Origin (ref. Swedish) 0.002

Parents from high income country 0.69 0.55-0.85

Parents from low income country 0.93 0.75-1.15
Education (ref. 9 years elementary school 0.015
to less than 3 years in high school

Less than 9 years elementary school 1.23 0.83 - 1.81

to less than 3 years in high school

Three years high school 1.29 1.03 - 1.61

to less than 3 years in college/university

Three years or more college or university 1.1 0.92-1.32

FIGURE2 |

—_—
—
—_—
—_—
_——
—
—
—
—_—
—
—_—
—
—
T T T T T

0.022 0.031 0.044 0.062 0.088 0.125 0.177 0.250 0.354 0.500 0.707 1.00 1.410 4.0

Decreasing odds for more sick leave free days

ncreasing odds for more sick leave free days

Ordinal logistic models on sick leave-free days alive. (a) A forest plot of an ordinal logistic model on odds for having one or more ad-

ditional sick leave-free days alive during the first year after inclusion. ICU patients and hospital patients. (b) A forest plot of an ordinal logistic model
on OR for having one or more additional sick leave-free days alive during the first year after inclusion. ICU patients and population controls. *p-value

is for the non-linear representation of the continuous variable, not the difference between quartiles. CCI updated Charlson comorbidity index; CI,

confidence interval; COVID-19, coronavirus disease 2019; ICU, intensive care unit; OR, odds ratio; NA, not applicable [30, 34].

controls, reflecting a slower, or incomplete functional recovery
[9-11].

Sick-leave benefit in Sweden is linked to repeated medical as-
sessments of functional level and thereby can be used for as-
sessing recovery after COVID-19. Physicians assessing patients
for sick-leave benefit use decision support, usually integrated
in the electronic patient records, administered by the Swedish
Board of Health and Welfare [25]. Subsequently, the SSIA de-
cides whether the patient has a severe enough functional im-
pairment from medical reasons, based on the written opinion
of the physician. Previous small cohort studies have reported
a wide range of proportions of sick leave and return to work
during the first year after hospital or ICU admission in patients
with COVID-19 disease. In hospitalized cohorts, in which vary-
ing proportions of patients were admitted to an ICU, return to
work after 2-24 months varied from 41% to 89% [12-14, 36] and
in ICU-admitted patients, return to work was 51%-88% after
2-12 months [9, 10, 15-18]. The latter outcomes contrast with
our findings in that we report lower proportions being on sick
leave. Returning to work, however, is a different endpoint than
being on sick leave, as it implies that the individual is working
at the time of inclusion. Moreover, returning to work is usually

equivalent to returning to work to any extent, and our outcome
is being on sick leave to any extent. Furthermore, we included
working-age individuals and excluded individuals who might
not participate actively in the workforce, that is, patients who
had received pension or had a high burden of sick leave in the
period preceding the inclusion. Apart from the difference men-
tioned above in return to work and sick leave outcomes, there
are two main reasons for different levels of sick leave between
studies: (1) a registry-based study like ours is not burdened with
the lower follow-up rate in the sickest patients seen in cohort
studies with individual follow-up; (2) the social security systems
differ on sick leave. The Swedish healthcare system is generous,
rendering sick leave a viable option for patients with remaining
functional impairment. Based on the ordinal logistic models,
we assessed the mean difference in sick leave-free days alive
before and after adjustment for confounding, unraveling sub-
stantial confounding where the difference was overestimated
in the crude numbers. Moreover, in two binary logistic models,
we studied the risk of being on sick leave 1 year after inclusion
among surviving individuals. The ICU patients, compared to
both the hospital patients and the population controls, had con-
siderably higher odds for this outcome, reflecting the crude dif-
ferences observed and the findings on the ordinal models. As
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a. ICU patients and hospital patients

Decreasing odds for being sick at one year

—_—
—
—_—
—
—_—
—_—
—
—_—
—
—_—
—_—
—_—
—_—
—
T T T T T T 1
0.12 0.25 0.50 1.0 2.0 4.0 50.0

Increasing odds for being sick at one year

Variable OR 95% ClI P-value
Age 1.12 0.83 - 1.52 0.89*
Income one year before inclusion 0.89 0.7-1.15 <0.001*
Group, ICU patients (ref. hospital patients) 3.65 2.89-4.62 <0.001
CCl (ref 0) <0.001

CCl1 1.64 1.25-2.14

CCl 2 1.54 1-2.36

CCI 3 1.96 0.96 - 3.99

CCl4 2.85 1.05-7.74

CCl 5 3.44 0.86 - 13.8

CCl 6-11 2.86 1.08 - 7.58
Sex, female (ref. male) 1.83 1.46-2.28 <0.001
Civil status (ref. married) 0.51

Divorced 1.04 0.78 - 1.39

Unmarried 0.96 0.73-1.25

Widow 0.23 0.03-1.71
Origin (ref. Swedish) <0.001

Parents from high income country 1.06 0.8-141

Parents from low income country 0.62 0.47-0.81
Education (ref. 9 years elementary school 0.46
to less than 3 years in high school

Less than 9 years elementary school 0.74 0.46 - 1.19

to less than 3 years in high school

Three years high school 0.85 0.63-1.16

to less than 3 years in college/university

Three years or more college or university 1.00 0.78 -1.28

b. ICU i and

Variable OR 95% Cl P-value
Age 1.26 0.81-1.94 0.036*
Group, ICU patients (ref. population controls) 6.53 4.83 - 8.84 <0.001
CCl (ref 0) 0.53

CCl1 1.36 0.89 - 2.09

CCl 2 1.59 0.93-273

CCI3 1.64 0.65-4.13

CCl4 2.07 0.55 - 7.89

CCl5 7.74 1.6 - 37.36

CCl 6-11 242 0.48-12.19
Sex, female (ref. male) 1.78 1.32-2.38 <0.001
Civil status (ref. married) 0.40

Divorced 1.02 0.7 -1.48

Unmarried 0.75 0.53 - 1.06

Widow 0.84 0.18 - 3.84
Origin (ref. Swedish) 0.080

Parents from high income country 1.51 1.06-2.18

Parents from low income country 1.06 0.75-1.51
Education (ref. 9 years elementary school 0.003
to less than 3 years in high school

Less than 9 years elementary school 0.5 0.26 - 0.98

to less than 3 years in high school

Three years high school 0.49 0.33-0.74

to less than 3 years in college/university

Three years or more college or university 0.8 0.58 - 1.09

Decreasing odds for being sick at one year

—_—
—
I T T T T 1

0.25 0.50 1.0 20 4.0 50.0
Increasing odds for being sick at one year

FIGURE 3 | Binary logistic models on being on sick leave 1 year after inclusion. (a) A forest plot of a binary logistic model on odds for being on

sick leave 1 year after inclusion. ICU patients and hospital patients. (b) A forest plot of a model on odds for being on sick leave 1 year after inclusion.

ICU patients and population controls. *p-value is for the non-linear representation of the continuous variable, not the difference between quartiles.

CCI updated Charlson comorbidity index; CI, confidence interval; COVID-19, coronavirus disease 2019; ICU, intensive care unit; NA, not applicable;

OR, odds ratio [30, 34].

the outcome measures days alive, the burden of not attaining
functional recovery has to be added to the existing burden of
short-term mortality in patients discharged from hospital or
ICU. Also, these outcomes are added to the burden of invasive
and painful procedures, especially in patients admitted to ICU.

This work has some limitations. We did not have control over
the original data collection process, but we used high-quality
registries with very high to complete coverage of the Swedish
ICUs, specialist care, and the Swedish population. The sick-
ness certification process is influenced by factors such as the
prescriber's experience, and setting [37]. It can be assumed that
these influences are comparable across the groups. We did not
have access to actual return to work for the included individu-
als. However, according to the SSTA, 96% of individuals return
to work at the end of a sick leave period making sick leave-free
days a relevant surrogate for functional recovery [24]. Another
limitation is that the general population controls had COVID-19
at low, but increasing rates over the study period [38]. The ac-
tual infection levels in the population controls are impossible to
know, given that the testing capacity during the initial wave was
minimal for the general public. We excluded patients with exten-
sive sick leave before inclusion because of the strong correlation
between sick leave and future sick leave and ill health [39, 40].

By doing so we introduced some level of confounding by selec-
tion bias, however, it was deemed that this selection was neces-
sary. Another source of selection bias is the inclusion at hospital
discharge which selects patients with shorter, before those with
longer, hospital length of stay. However, this was inevitable to
address the bias from sick leave during the hospital stay. Finally,
although the proportion of individuals on sick leave is not gen-
eralizable outside Sweden our findings on impeded recovery are
generalizable.

Our study has several strengths. The use of governmental regis-
tries to which reporting is governed by law and a high-ranking
national ICU registry to capture the exposure makes it equally
unlikely that our findings are caused by exposure or outcome
misclassification. Moreover, although the decision to prescribe
sick leave is up to the individual physician and thus possi-
bly biased, physicians use support documents from the SSIA.
Additionally, all sick leave certifications must be approved by
case officers at the SSTA. Importantly, any potential bias is likely
evenly distributed across the groups under study. Furthermore,
we report low frequencies of missing data, and we could use
a reliable method of imputing to avoid selection bias from the
exclusion of participants from the logistic models. Additionally,
we were able to control for the expected baseline differences in
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socioeconomic variables between the ICU patients, hospital pa-
tients, and population controls. Finally, although we acquired
the data retrospectively, they were collected prospectively to the
registries, which removes the risk of recall bias.

5 | Conclusion

This national cohort study, in ICU and hospitalized patients
with COVID-19, showed that the severity of COVID-19 disease,
functional and health status before COVID-19, and demographic
factors had a major impact on recovery.
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