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Abstract 

Background Sepsis survivors commonly experience functional impairment, which may limit return to work. We 
investigated return to work (RTW) of patients hospitalized with sepsis and the associations with patient and clinical 
characteristics.

Methods Working-age patients (18–60 years) admitted to a Norwegian hospital with sepsis between 2010 and 2021 
were identified using the Norwegian Patient Registry and linked to sick-leave data from the Norwegian National Social 
Security System Registry. The main outcome was proportion of RTW in patients hospitalized with sepsis at 6 months, 
1 year, and 2 years after discharge. Secondary outcomes were time trends in age-standardized proportions of RTW 
and probability of sustainable RTW (31 days of consecutive work). The time trends were calculated for each admis-
sion year, reported as percentage change with 95% confidence interval (CI). Time-to-event analysis, including crude 
and adjusted hazard risk (HRs), was used to explore the association between sustainable RTW, characteristics and sub-
groups of sepsis patients (intensive care unit (ICU) vs. non-ICU and COVID-19 vs. non-COVID-19).

Results Among 35.839 hospitalizations for sepsis among patients aged 18–60 years, 12.260 (34.2%) were working 
prior to hospitalization and included in this study. The mean age was 43.7 years. At 6 months, 1 year, and 2 years post-
discharge, overall estimates showed that 58.6%, 67.5%, and 63.4%, respectively, were working. The time trends in age-
standardized RTW for ICU and non-ICU sepsis patients remained stable over the study period, except the 2-year age-
standardized RTW for non-ICU patients that declined by 1.51% (95% CI − 2.22 to − 0.79) per year, from 70.01% (95% CI 
67.21 to 74.80) in 2010 to 57.04% (95% CI 53.81–60.28) in 2019. Characteristics associated with sustainable RTW were 
younger age, fewer comorbidities, and fewer acute organ dysfunctions. The probability of sustainable RTW was lower 
in ICU patients compared to non-ICU patients (HR 0.56; 95% CI 0.52–0.61) and higher in patients with COVID-19-re-
lated sepsis than in sepsis patients (HR 1.31; 95% CI 1.15–1.49).

Conclusion Absence of improvement in RTW proportions over time and the low probability of sustainable RTW 
in sepsis patients need attention, and further research to enhance outcomes for sepsis patients is required.
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Introduction
Sepsis is caused by a dysregulated host immune response 
to infection, resulting in acute organ dysfunction [1], 
and is a major cause of worldwide morbidity and mor-
tality, with an estimated 50 million cases and 11 million 
sepsis-related deaths in 2017 [2]. Sepsis survivors often 
experience poor long-term outcomes with new or wors-
ened cognitive and functional impairments [3, 4], making 
normal activities hard to resume. However, the impact 
of these problems on sepsis survivors’ ability to return to 
work (RTW) is less clear.

RTW is a recommended measure of the long-term 
functional level after disease, including trauma [5], 
acute respiratory distress syndrome (ARDS), and condi-
tions requiring intensive care and organ support [6–10]. 
A previous Danish study (2018) investigating a general 
intensive care unit (ICU) cohort found that among sur-
vivors receiving organ support therapy 60% had returned 
to work at 1 year and 68% at 2 years after discharge [9]. 
Prior studies suggest that sepsis survivors have worse 
overall functional outcomes than other intensive care 
survivors [11, 12]. This is supported by a recent admin-
istrative-based German study (2023) investigating RTW, 
which found that only 55% and 65% of ICU-treated sep-
sis patients returned to work 6 months and 1 year after 
discharge [13]. However, negative health impact can per-
sist over years [10] and warrant RTW estimates beyond 
1  year. Previous estimates were based on the Sepsis-1 
and Sepsis-2 definition [13]. Thus, there is a need for 
updated estimates based on the latest Sepsis-3 definition 
to monitor prognosis and trends over time to plan appro-
priate interventions for sepsis survivors working prior to 
admission.

Considering the recent pandemic, research on reduced 
functioning after infection with COVID-19 is evolving, 
suggesting that 30% of survivors are affected [14–17]. 
RTW estimates at 6 months after a COVID-19 admission 
vary between 57% and 89% [18–21]. Currently, limited 
research is available on RTW for patients with COVID-
19-related sepsis, but one study of 120 COVID-19 
patients found no differences in self-reported RTW after 
110 days between non-ICU and ICU patients [22].

In sum, knowledge about long-term outcomes is war-
ranted to understand and facilitate the RTW process 
for sepsis patients [23]. The main aim of this nationwide 
registry study was therefore to investigate the RTW pro-
portion in patients admitted with sepsis, including ICU, 
non-ICU and COVID-19 sepsis, at 6 months, 1 year, and 
2 years after discharge in the period from 2010 through 
2021. The secondary aims were to examine temporal 
trends in RTW and investigate characteristics associ-
ated with sustainable RTW, defined as working at least 31 

consecutive days after a hospital discharge with an index 
sepsis episode.

Material and method
Design and setting
In this Norwegian nationwide registry-based study, we 
identified hospitalizations for sepsis using ICD-10 codes 
in the Norwegian Patient Registry (NPR) [24]. To iden-
tify ICU sepsis patients, we linked NPR individual-level 
data with the Norwegian Intensive Registry (NIR) [25]. 
Reporting to NPR and NIR is mandatory, and the linkage 
was complete. For more information about the registries 
used in this study, see Additional file 1: File S1.  

The Norwegian adult population in working age 
(18–60  years) was 2.735.188 in 2010, which increased 
to 3.004.285 in 2021 [26]. The population have access to 
public healthcare that covers all emergency incidents and 
is free of charge at the point of delivery. Private hospitals 
are for some outpatients and provide non-emergency 
treatment, and not used for severely ill patients like those 
needing acute hospitalization due to sepsis.

The Norwegian National Insurance Scheme
The employment rate in Norway in the last quarter of 
2022 was 80.2%, while 2.4% was unemployed and 17.8% 
were defined as outside the workforce. 77.7% of all 
women in are employed, and of those 72.1% works full-
time. Self-employed workers make up 4.5% of the total 
employment. 9.5% of the workforce receives fully or 
partly disability pension, where 63.0% of these are under 
60 years of age, and the majority are women (58%) [26].

All Norwegian workers have a compulsory member-
ship in The Norwegian National Insurance Scheme 
[27]. Individuals who have been working for at least 
four weeks before illness, with an income higher than ½ 
of the ‘basic amount’ (NOK 118.620, or USD 11.798 in 
2023), and who have lost work income because of a medi-
cally certified illness are entitled to sickness benefits of 
up to 52  weeks. Sickness benefits begin on the day the 
employer is notified of the illness. Self-employed individ-
uals and freelance workers are also entitled to benefits, 
but must cover the first 16  days of absence themselves. 
After 52 weeks, it is possible to apply for more long-term 
medical benefits, work assessment allowance and per-
manent disability pension. To qualify for a disability pen-
sion, individuals must have at least a 50% reduction in 
workability documented by a doctor’s certificate. A mem-
bership of The Norwegian National Insurance Scheme 
qualifies for a medical benefit application, even though 
the patient is without sickness benefits rights. All indi-
viduals with benefits in Norway are registered by their 
social security number in the Norwegian National Social 
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Security System Registry, run by The Norwegian Labour 
and Welfare Administration [28].

Study population
We included patients from all Norwegian public hospi-
tals in the period from 2010 through 2021 with an index 
admission for sepsis, defined by an ICD-10 code for 
infection in combination with an ICD-10 code for acute 
organ dysfunction (implicit) and/or an ICD-10 code for 
specific sepsis (explicit) (see Additional file  1: Table  S1 
for code extraction strategies) [2, 29]. ICU stays were 
retrieved from The Norwegian Intensive Registry (NIR) 
[25]. ICU patients were defined as any sepsis diagno-
sis and a registered ICU stay at the same admission. We 
used this strategy in the primary and up to 20 second-
ary co-existing ICD-10 discharge codes. Since the risk 
of recurrent sepsis admissions was higher at study start, 
we excluded all sepsis admissions between 2008 and 2010 
and included index hospitalization from January 1, 2010, 
which coincided with available data from the Registry of 
the Norwegian National Social Security System.

We limited the study cohort to patients of working age 
(18–60 years), which is 2 years before the earliest retire-
ment possibility in Norway. The rationale for the upper 
age limit was to identify patients who stopped working 
due to sepsis, as opposed to patients who retired unre-
lated to sepsis. We excluded patients with any disability 
pension prior to the sepsis hospitalization and patients 
who did not survive hospital discharge.

Definition of variables in the study
Working was defined by two criteria, and both had to be 
met. First, patients had to be registered with no sickness 
benefit or long-term medical benefit (work assessment 
allowance and permanent disability pension) for at least 
90 of 121 days in the 6–2 months prior to sepsis admis-
sion to exclude those patients on sickness or medical 
benefits for other medical conditions than to sepsis as a 
cause of not being able to RTW. Second, patients had to 
be registered with a sickness benefit 31  days before the 
hospital admission date or 31 days after the hospital dis-
charge date in order to identify those patients working 
before the sepsis admission.

For ICU patients, the cause of ICU admission was 
categorized as respiratory, circulatory, gastroentero-
logical, neurological, sepsis, metabolic, renal, and other. 
Description of severity of disease was defined by Simpli-
fied Acute Physiology Score II (SAPS II) and number of 
patients receiving mechanical ventilation. COVID-19-re-
lated sepsis patients were included based on the presence 
of a code for COVID-19 (U07.1, U07.2) and ≥ one organ 
dysfunction code and/or explicit code. Infection sites 
and acute organ dysfunction were categorized by ICD-10 

codes. ICD-10 discharge codes for selected comorbidities 
were based on diagnostic groups [30] (Additional file 1: 
Table  S2). A readmission after hospitalization with sep-
sis was defined as an admission within 30 days after dis-
charge, regardless of cause.

Outcome measures
Main outcome was work status at 6 months, 1 year, and 
2 years after discharge from index sepsis hospitalization. 
We categorized work status at each time point as RTW, 
ever RTW, never RTW, and dead. Patients without any 
sickness or medical benefit at the measurement point 
were categorized as RTW. Patients on sickness or medi-
cal benefit at all the measurement points were catego-
rized as never RTW. Lastly, patients who had returned 
to work at an earlier point but were back on sickness or 
medical benefits were categorized as ever RTW. Sec-
ondary outcomes were trends in RTW during the whole 
study period. Further, we also investigated sustainable 
RTW, defined as the absence of any sickness or medical 
benefit for at least 31 consecutive days after discharge 
from sepsis hospitalization.

Death and death date were retrieved from the Norwe-
gian Cause of Death Registry [31].

Statistical analysis
Descriptive results are presented as frequencies with 
percent, means with standard deviation, and medians as 
appropriate.

Clinical characteristics of interest included sex, age-
group (18–29, 30–39, 40–49, 50–60 years), number and 
type of comorbidities, site of infection, number and type 
of acute organ dysfunctions, ICU treatment, COVID-
19-infection status, length of stay, cause of ICU admis-
sion, SAPS II and invasive ventilation and readmission 
within 30 days. Except for information on invasive venti-
lation and cause of ICU admission, there was no missing 
in the data. Participants without missing data on either 
of the two variables are shown as n (%). These descriptive 
analyses were also repeated in the patients that did not 
work before sepsis admission.

Main outcome
The Norwegian National Social Security System Registry 
contains information about all members’ entry and exit 
dates and degrees of sickness and medical benefits. To 
investigate the proportion of patients returning to work, 
we calculated sepsis survivors with status RTW, never 
RTW or dead at 6 months from discharge date. At 1 year 
and 2 years after discharge date, we additionally included 
the category ever RTW. All estimates were divided by 
all patients working prior to admission, subtracting 
those who died between each measure point. We also 
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completed analyses stratified by treatment in the ICU 
vs non-ICU and by COVID-19-related vs non-COVID-
19-related sepsis.

Secondary outcomes
To examine temporal trends in RTW, we calculated 
6-month, 1-year, and 2-year RTW by calendar year. This 
was calculated as the proportions with RTW divided by 
the number of survivors after the index sepsis admission 
each year. To avoid potential bias of sepsis hospitaliza-
tions over time due to changing age distribution, the 
RTW proportion was standardized according to 10-year 
age-groups (18–29, 30–39, 40–49, 50–60 years) using the 
age distribution in 2011 as the base for non-ICU patients, 
and the age distribution in 2015 as the base for patients 
admitted to ICU. This was performed by the dstdize com-
mand in Stata using the option for individual-level data 
[32]. Temporal trends in age-standardized RTW were 
estimated from least-squares linear regression across cal-
endar years and weighted by the inverse variance of the 
RTW proportion [33].

The probability of sustainable RTW were investigated 
using Cox regression to estimate crude and adjusted 
hazard ratios (HRs) with 95% confidence intervals (CIs). 
Association with age and sex was mutually adjusted, 
whereas all other associations were adjusted for both 
sex (male, female) and age (years). Comorbidities, site of 
infection, and acute organ dysfunctions were analyzed as 
categorical variables, using the most common category as 
the reference. These categories were mutually exclusive, 
and the analyses were conducted on a restricted sample 
of patients with none or only one infection site, comor-
bidity, or acute organ dysfunction, respectively. Two sub-
group analyses of ICU vs. non-ICU patients and sepsis 
vs. COVID-19-related sepsis were conducted with simi-
lar approach as described above, except for entry date. 
The subgroup analysis of ICU vs. non-ICU patients was 
restricted to those sepsis patients that were hospitalized 
after May 1, 2014. We delayed start of follow-up for all 
since earlier information for the ICU patients was una-
vailable [25], and late entry for only one group may affect 
hazards between the groups. The analysis of sepsis vs 
COVID-19-related sepsis patients was conducted in the 
same way, and all patients were allowed entrance to the 
study only if they were hospitalized on or after February 
28, 2020, corresponding to the first confirmed hospital-
ized COVID-19 case in Norway. In all Cox regression 
models, the patients were followed for 2  years after the 
date of discharge with an index sepsis admission to make 
sure the follow-up time covered the timespan of possible 
sick leave and was within the first possible retirement age. 
The discharge date was restricted to after July 1, 2010, to 
validate the sick-leave data and ensure the participants 

were in the workforce. In analysis of sustainable RTW, 
patients were censored at the date of sustainable RTW, 
death date, or the last day of follow-up (December 31, 
2021). The last date for inclusion was October 1, 2021, 
to allow for a valid assessment of sustainable RTW. The 
proportional hazards assumption of the Cox model was 
examined by visual inspection of log–log plots.

As many individuals go on and off sickness benefits, we 
conducted a sensitivity analysis where sustainable RTW 
was defined as at least 92 consecutive days without any 
sickness benefit. Further, a sensitivity analysis was con-
ducted including ICU and non-ICU patients. Since many 
patients have more than one infection site, comorbidity, 
and acute organ dysfunction, we also analyzed separate 
binary variables for each infection site, comorbidity, and 
acute organ dysfunction (i.e. respiratory infection site = 1, 
all other infection sites = 0).

All analyses were conducted using STATA version 16.1 
(Stata Corp).

Ethics
The study was approved by the Regional Committee for 
Medical and Health Research Ethics (REK) in Eastern 
Norway (2019/42772) and the Data Access Committee 
in Nord-Trøndelag Hospital Trust (2021/184). In accord-
ance with the approval from the REK and the Norwe-
gian law on medical research, the project did not require 
a written patient consent. This work was analyzed on 
TSD (Service for Sensitive Data) facilities, owned by the 
University of Oslo, operated, and developed by the TSD 
service group at the University of Oslo, IT Department 
(USIT).

Results
Among 35.839 patients aged 18–60 years who were dis-
charged alive from an index sepsis hospitalization dur-
ing the study period, 12.260 (34.2%) were confirmed to 
be working prior to sepsis hospitalization and included 
in this study. 10.533 (29.3%) patients were excluded for 
disability pension prior to sepsis hospitalization, 4.735 
(13.2%) patients were excluded for > 30  days of sickness 
or long-term medical benefits in the months prior to sep-
sis hospitalization indicating other illnesses than sepsis 
affecting RTW, and 8.311 (23.1%) patients were excluded 
for lack of registered sickness or medical benefit close to 
sepsis hospitalization. A flowchart of the exclusion and 
inclusion process is displayed in Fig. 1.

Patient characteristics
Characteristics of the overall study cohort, including 
ICU and non-ICU patients, are shown in Table 1. Over-
all, the mean age was 43.7 years, and 59.9% were male. 
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The number of sepsis patients admitted to the ICU was 
951, accounting for 7.8% of the total study population 
with a mean age of 44.4 and an average SAPS II score 
of 33.4. Among ICU and non-ICU patients, the most 
common comorbidity was heart or vascular disease, as 
presented in 40.3% and 17.8%, respectively. The most 
common site of infection was respiratory, present in 
52.4% of the ICU patients and 30.2% in the non-ICU 
patients. While respiratory acute organ dysfunction 
was the most common organ failure in ICU patients 
(51.0%), acute kidney dysfunction was the leading cause 
of organ failure among non-ICU patients (78.8%). The 
overall mean length of hospitalization was 13.9  days, 
accounting for 25.4 days in ICU patients and 12.9 days 
in non-ICU patients. Of all sepsis patients discharged 
alive, 29.9% were re-hospitalized within 30  days, and 
the ICU patients had a 47.8%. readmission rate.

Main outcome
Return to work
In the total cohort, the proportion of RTW was 58.6% at 
6 months, 67.5% at 1 year, and 63.4% at 2 years. Among 
patients admitted to ICU, the RTW proportion was 
38.5% at 6 months, 53.6% at 1 year, and 52.2% at 2 years 
after discharge, while among non-ICU patients, the RTW 
proportion was 60.3% at 6 months, 68.6% at 1 year, and 
64.2% at 2  years after discharge. In 2020 and 2021, for 
patients admitted with COVID-19-related sepsis, the 
RTW proportion was 66.9% and 77.8% at 6 months and 
1 year after hospital discharge (Table 2).

Secondary outcomes
Temporal trends in RTW 
Overall, the annual age-standardized RTW propor-
tion at 6 months was stable with a change of 0.14% (95% 
CI − 0.20 to 0.47), from 57.57% (95% CI 53.58 to 61.56) 
in 2010 to 63.10% (95% CI 58.23–67.87) in 2021. The 

Participants ≥18 and ≤60
years who was discharged 
alive after the first sepsis 

admission

n=35.839 

Patients with disability pension before 
the date of first admission with sepsis

(n =10.533) 

n=25.306
Patients on sickness or medical benefit 
at least 30 out of 121 days in the 62

months prior to the date of first 
admission with sepsis 

(n=4.735) 

n=20.571 Patients without registered sickness 
benefit between 31 days prior the date of 
first admission with sepsis and 31 days 

after discharge date  (n=8.311)

Patients included
n=12.260 

Flowchart

Fig. 1 Flowchart of the selection process
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Table 1 Characteristics of the 12.260 patients working prior to sepsis hospitalization, including ICU and non-ICU sepsis patients

Sepsis, n (%) Subgroups of sepsis

ICU, n (%)a Non-ICU, n (%)b

Characteristics 12 260(100) n = 951 (7.8) n = 11 309 (92.2)

Male, n (%) 7 341 (59.9) 659 (69.3) 6 682 (59.1)

Age, years, mean (SD) 43.7 (11.8) 44.2 (11.8) 43.7 (11.8)

Age-group, n (%)

 18–29 2 077 (16.9) 155 (16.3) 1 922 (17.0)

 30–39 2 314 (18.9) 179 (18.8) 2 135 (18.9)

 40–49 3 121 (25.4) 222 (23.3) 2 899 (25.6)

 50–60 4 748 (38.7) 395 (41.5) 4 353 (38.5)

Comorbidities, n (%)

 Heart and vascular 2 394 (19.5) 383 (40.3) 2 011 (17.8)

 Cancer 1 941 (15.8) 44 (4.6) 1 897 (16.8)

 Lung 681 (5.6) 71 (7.5) 610 (5.4)

 Diabetes 666 (5.4) 81 (8.5) 586 (5.2)

 Immune 269 (2.2) 10 (1.1) 259 (2.3)

 Renal 145 (1.2) 8 (0.8) 137 (1.2)

 Liver 44 (0.4) 7 (0.7) 37 (0.3)

Number of comorbidities, n (%)

 0 7 290 (58.5) 460 (48.4) 6 830 (60.4)

 1 3 933 (32.1) 389 (40.9) 3 544 (31.3)

 2 911 (7.4) 93 (9.8) 818 (7.2)

  ≥ 3 126 (1.0) 9 (1.0) 117 (1.0)

Site of infection, n (%)

 Respiratory 3 692 (30.2) 498 (52.4) 3 194 (28.2)

 Genitourinary 1 602 (13.1) 87 (9.2) 1 515 (13.4)

 Skin and soft tissue 558 (4.4) 43 (4.5) 515 (4.6)

 Gastrointestinal 827 (6.8) 29 (3.1) 624 (5.2)

 Intra-abdominal 755 (6.2) 59 (6.2) 696 (6.2)

 Infections following a procedure 625 (5.1) 52 (5.5) 573 (5.1)

 Endocarditis/myocarditis 190 (1.6) 14 (1.5) 176 (1.6)

  Otherc 2 056 (16.8) 210 (22.1) 1 846 (16.3)

COVID-19-related  sepsisd 384 (3.1) 39 (4.1) 345 (3.1)

Organ system with acute dysfunction, n (%)

 Respiratory 3 063 (25.0) 486 (51.0) 2 578 (22.8)

 Circulatory 878 (7.2) 243 (25.6) 635 (5.6)

 Renal 2 627 (21.4) 230 (24.2) 2 397 (78.8)

 Hepatic 194 (1.6) 31 (3.3) 163 (1.4)

 Coagulation 757 (6.2) 36 (3.8) 721 (6.4)

  Othere 2 543 (20.7) 293 (30.8) 2 250 (19.9)

Number of acute organ dysfunctions, n (%)

 1 6 422 (87.2) 559 (63.8) 5 675 (86.8)

 2 736 (10.0) 224 (25.6) 656 (10.0)

 3 164 (2.2) 67 (7.7) 146 (2.2)

 ≥ 4 42 (0.6) 26 (3.0) 62 (1.0)

Cause of ICU admission (n = 834), n (%)

 Respiratory NA 173 (22.4) NA

 Circulatory NA 117 (15.1) NA

 Gastroenterological NA 38 (4.9) NA

 Neurological NA 87 (11.2) NA
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annual age-standardized RTW proportion at 1  year 
also remained stable throughout the study period with 
a change of -0.45% (95% CI − 0.94 to 0.53), from 69.52% 

(95% CI 65.71–73.33) in 2010 to 64.89% (95% CI 61.56–
68.22) in 2020. However, the 2-year age-standardized 
RTW declined by 1.51% (95% CI − 2.22 to − 0.79) per year 

Table 1 (continued)

Sepsis, n (%) Subgroups of sepsis

ICU, n (%)a Non-ICU, n (%)b

 Sepsis NA 161 (20.8) NA

 Metabolic NA 32 (4.1) NA

 Renal NA 6 (0.8) NA

 Other NA 220 (20.7) NA

Illness severity at admission

 SAPS II, mean (SD) (n = 951) NA 33.4 (17.3) NA

 Invasive ventilation (n = 585), n (%) NA 485 (82.9) NA

Length of hospital stay in  daysf, mean (SD) 13.9 (23.7) 25.4 (35.4) 12.9 (22.2)

30-day  Readmissiong, n (%) 3 664 (29.9) 456 (47.8) 3 208 (28.4)

Abbreviation: NA = Not Applicable. ICU = intensive care unit,, SD = standard deviation, SAPS II = Simplified Acute Physiology Score II
a Variable calculated from May 1, 2014
b Variable calculated from January 1, 2010
c Other infections = Bone, obstetric, upper airway, central nervous system and unknown
d Variable calculated from 28 February 2020
e Other acute organ dysfunction = Acidosis, unspecific gangrene, central nervous system dysfunctions and Systemic Inflammatory Response Syndrome
f Length of stay calculated as a total length of stay in hospital
g Readmission = admission within 30 days after discharge regardless of cause

Table 2 The proportion of RTW, never RTW and ever RTW and dead at 6 months, 1 year and 2 years in the period 2010 through 2021

Abbreviation: RTW = return to work, NA = Not Applicable
a Includes all sepsis patients who survived an admission,
b Without medical benefit or disability pension at measurement point
c Patients at medical benefit or disability pension since discharge
d Patients without a medical benefit in a period after discharge, but back on medical benefit at measurement point
e Includes the years 2020 and 2021
f Includes patients  admitted at  ICU and non-ICU departments

Patient group and measurement 
point

na RTW b (%) Never RTW c (%) Ever RTW d (%) Dead (%)

All sepsis patients

 6 months 12 260 58.6 37.9 NA 3.4

 1 year 11 751 67.5 21.6 5.6 5.4

 2 years 10 845 63.4 15.3 13.7 7.7

Ward patients

 6 months 11 309 60.3 36.2 NA 3.4

 1 year 10 856 68.6 20.4 5.6 5.4

 2 years 10 085 64.2 14.4 13.7 7.6

ICU patients

 6 months 951 38.5 58.0 NA 3.5

 1 year 895 53.6 36.2 4.8 5.4

 2 years 760 52.2 26.7 13.0 8.0

COVID-19-related  sepsise,f

 6 months 384 66.9 32.6 NA 0.5

 1 year 135 77.8 15.6 5.2 1.5
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over the study period, from 70.01% (95% CI 67.21–74.80) 
in 2010 to 57.04% (95% CI 53.81–60.28) in 2019.

For patients admitted to the ICU, the annual age-stand-
ardized RTW proportion at 6 months, 1 year, and 2 years 
after discharge remained stable from 2014 through 2021, 
as shown in Fig. 2A and B and Additional file 1: Table S3. 
For non-ICU patients, the annual age-standardized 
RTW proportion at 6 months and 1 year after discharge 
remained stable throughout the study period. However, 
the 2-year age-standardized RTW declined by 1.32% 
(95% CI − 2.14 to − 0.49) per year over the study period, 
from 70.01% (95% CI 67.21–74.80) in 2010 to 56.96% 
(95% CI 53.54–60.38) in 2019. This decline was driven 
mainly by the years after 2016.

Characteristics associated with sustainable RTW 
The median follow-up time for sustainable RTW was 
0.2  years (range 0–2  years) and ended when a person 
started working. The results displayed in Table  3 show 
that patients and clinical characteristics were associated 
with sustainable RTW. Sepsis patients aged between 50 

and 60  years had lower probability of sustainable RTW 
(HR 0.69; 95% CI 0.65–0.73) compared to younger sepsis 
patients (18–30  years). Sepsis patients with one comor-
bidity had an HR of 0.46 (95% CI 0.44–0.48) compared 
to no comorbidities, while sepsis patients with two acute 
organ dysfunctions had HR of 0.60 (0.55–0.66) com-
pared to patients with one acute organ dysfunction. ICU 
patients had a 0.56 (95% CI 0.52–0.61) lower probability 
of sustained RTW compared to non-ICU patients. In 
addition, patients with genitourinary, gastrointestinal, 
and skin and soft tissue sites of infection had higher rates 
of sustainable RTW than the other infections sites, and 
COVID-19-related sepsis had a 1.31 (95% CI 1.15–1.49) 
higher chance of sustainable RTW compared to all sepsis 
patients.

Sensitivity analysis
A sensitivity analysis of the 8.311 individuals who were 
excluded from this study due to no evidence of work 
prior to the sepsis episode was conducted. Compared 
to patients working before sepsis hospitalization, these 

Fig. 2 Age-standardized proportions RTW by discharge year for sepsis patients admitted A. Non-ICU (2010–2021) and B. ICU (2014–2021)
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Table 3 Associations of patient and clinical characteristics with sustained RTW 

Variable Person year (py) 
at risk

Events Rate per py Crude HR Adjusteda HR (95% C)

Age-group

 18–29 720 1 779 2.47 1.00 1.00 (Reference)

 30–39 824 1 966 2.38 0.90 0.90 (0.84 − 0.96)

 40–49 1 080 2 552 2.36 0.80 0.78 (0.75 − 0.85)

 50–60 1 595 3 592 2.25 0.69 0.69 (0.65 − 0.73)

Sex

 Male 2 579 5 939 2.30 1.00 1.00 (Reference)

 Female 1 639 3 950 2.41 1.03 1.01 (0.97 − 1.05)

ICU  treatmentb

 No 2 335 5 974 2.56 1.00 1.00 (Reference)

 Yes 396 660 1.67 0.57 0.56 (0.52 − 0.61)

Sepsis  subgroupc

 Sepsis 362 989 2.73 1.00 1.00 (Reference)

 COVID-19-related 95 324 3.41 1.25 1.31 (1.15 − 1.49)

Site of  infectiond

 Respiratory 988 2 462 2.49 1.00 1.00 (Reference)

 Genitourinary 260 785 3.01 1.40 1.38 (1.27 − 1.50)

 Intra-abdominal 162 391 2.41 1.03 1.03 (0.92 − 1.14)

 Gastrointestinal infections 169 637 3.80 1.69 1.64 (1.51 − 1.79)

 Skin and soft tissue 105 276 2.64 1.26 1.27 (1.12 − 1.44)

 Infections following a procedure 136 244 1.80 0.83 0.84 (0.73 − 0.96)

 Endocarditis/myocarditis 46 74 1.60 0.70 0.70 (0.56 − 0.88)

 Other  infectionse 793 1  800 2.27 1.00 0.96 (0.91 − 1.02)

Comorbiditiesd

 Heart and vascular 652 1 175 1.80 1.00 1.00 (Reference)

 Cancer 749 736 0.98 0.52 0.52 (0.48 − 0.58)

 Lung 139 367 2.65 1.57 1.60 (1.42 − 1.80)

 Diabetes 97 269 2.80 1.58 1.58 (1.39 − 1.81)

 Renal 17 25 1.48 0.99 0.98 (0.66 − 1.46)

 Immune 29 99 3.42 2.07 2.06 (1.67 − 2.53)

 Liver 5 10 2.03 0.60 0.62 (0.33 − 1.15)

No. of comorbidities

 0 2 113 6 598 3.12 1.00 1.00 (Reference)

 1 1 687 2 681 1.59 0.45 0.46 (0.44 − 0.48)

 2 377 547 1.45 0.38 0.39 (0.36 − 0.42)

  ≥ 3 41 63 1.55 0.30 0.32 (0.25 − 0.41)

Type of acute organ  dysfunctiond

 Respiratory 819 1 858 2.27 1.00 1.00 (Reference)

 Renal 563 1 761 3.12 1.45 1.48 (1.39 − 1.58)

 Circulatory 187 353 1.89 0.89 0.91 (0.82 − 1.03)

 Coagulation 332 407 1.23 0.62 0.64 (0.58 − 0.71)

 Hepatic 37 66 1.79 0.83 0.82 (0.64 − 1.04)

 Other acute organ  dysfunctionsf 275 735 2.67 1.33 1.30 (1.19 − 1.41)

No. of acute organ dysfunctions

 1 2 214 5 180 2.34 1.00 1.00 (Reference)

 2 337 492 1.46 0.60 0.60 (0.55 − 0.66)

 3 82 109 1.33 0.57 0.56 (0.46 − 0.68)

  ≥ 4 18 25 1.42 0.49 0.49 (0.33 − 0.72)
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patients were younger (mean age 40.5 (SD = 13.2) vs. 
43.7  years, SD = 11.8) and consisted of more women 
(46.2% vs. 40.1%) (Additional file 1: Table S4).

In the sensitivity analyses of ICU and non-ICU patients 
investigating sustained RTW and changing the definition 
of sustainable RTW to working at least 92 consecutive 
days after discharge date with an index sepsis episode, 
the adjusted hazard ratio from Cox regression did not 
differ from the results in Table  3, see Additional file  1: 
Table  S5 and Table  S6. Sensitivity analysis with binary 
categories is presented in Additional file 1: Table S7, con-
firms our analyses and estimates with mutually exclusive 
categories.

Discussion
Our study is the first to use complete nationwide regis-
tries to estimate RTW in sepsis patients, and we demon-
strate that RTW is a challenge for many patients, even 
2 years after discharge. Our estimates show that a higher 
proportion of patients with sepsis returned to work at 
1 year compared to 6 months and 2 years after discharge. 
The trends in RTW were stable throughout the study 
period, except for non-ICU patients where we observed 
a yearly decrease in RTW at 2 years after hospitalization. 
Further, we found that decreasing age, fewer comorbidi-
ties, and fewer acute organ dysfunctions were associated 
with sustainable RTW in sepsis survivors. In addition, we 
found that ICU sepsis patients had a lower probability of 
sustainable RTW than non-ICU sepsis patients. COVID-
19-related sepsis patients had a higher probability of 
achieving sustainable RTW than ICU sepsis patients and 
sepsis patients without COVID-19.

Previous studies have found that ICU patients self-
reported RTW at 1 year between 55% and 78% [34]. The 
only previous registry-based study found that 60% of the 
ICU patients, regardless of diagnosis, returned to work 
at 1 year [9]. For comparison, we found that 53.6% of the 
ICU patients with sepsis had returned to work at 1 year. 
Previous studies have found worse overall functioning 
outcomes in sepsis survivors compared to other intensive 
care survivors [11, 12], and since we only included sepsis 
patients, our result in the lower range is expected.

A systematic review of ICU studies suggests increas-
ing rates of RTW over time [34], but the included studies 

have a high degree of RTW variability [9, 34–39]. While 
we use a national mandatory registry to calculate RTW, 
51 of the 52 included studies in this systematic review 
used self-reported answers to questions in face-to-face or 
telephone interviews or mailed questionnaires to collect 
data. The majority of the included studies had more than 
10% lost to follow-up since ICU/hospital discharge [34], 
while our complete national registries including weekly 
updates on RTW enabled us to follow-up everybody until 
death date and thus no loss to follow-up.

Investigating sepsis and non-sepsis ICU patients, organ 
support therapy and RTW, Riddersholm et al. [9] found 
that 29% were back on medical benefits within 1 year. For 
comparison, this is higher than our result (4.8%) at 1 year 
among sepsis patients admitted to ICU. If we compare 
the RTW proportion at 2 years, Riddersholm et al. found 
that 68% of the patients returned to work, which is higher 
than our age-standardized proportion at 2 years (58.4%). 
As previously argued, sepsis patients are expected to have 
worse outcomes than other critically ill patients, thus 
the diverging result. In addition, there are differences in 
social infrastructure with earlier transfer to long-term 
medical benefit in Denmark than in Norway [28, 40]. 
Thus, potential differences may not all be health-related 
but may also be influenced by social infrastructure.

The fact that the ICU patients’ proportion of RTW was 
stable can be explained by stable mortality in patients 
receiving ICU treatment over time in the cohort [41, 42], 
i.e., the same proportion of ill ICU sepsis patients survive 
and are potential candidates for RTW. Interestingly, we 
found a decreasing trend of 2-year RTW for non-ICU 
sepsis patients from 2010 through 2021. To our knowl-
edge, trends in RTW in sepsis patients are not previously 
described. Based on our previous works, we observed 
decreasing case fatality rates and decreasing 1- and 
2-year mortality in non-ICU patients in this population 
[41, 42], pointing to a higher proportion of sepsis survi-
vors with possible physical and cognitive sequela. We 
therefore hypothesize that the decreasing trend in RTW 
can be explained by this increased survival.

To our knowledge, one previous study has used 
administrative data covering 30% of the German pop-
ulation to estimate RTW in sepsis patients in general 
with a follow-up to 12  months after discharge [13]. 

Table 3 (continued)
Abbrevation: HR =hazard ratio, CI = confidence interval, ICU = intensive care unit,
a Cox regression with time to death as dependent variable, the listed variable as covariate (one at the time), and sex and age
b Enter date = May 1, 2014
c Enter date = February 28, 2020
d Categorical variable where one ICD-10 code excludes other ICD-10 codes in the same diagnosis group
e Other infections = Bone, obstetric, upper airway, central nervous system and unknown
f Other acute organ dysfunctions = Acidosis, unspecific gangrene, central nervous system dysfunctions and Systemic Inflammatory Response Syndrome
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They found that 69% returned to work at 6  months 
and 76% returned to work at 12  months. This is a 
much higher RTW rate than in our study. While they 
extracted explicit sepsis ICD-10 codes, we extracted 
both implicit and explicit ICD-10 sepsis codes. Nota-
bly, an explicit approach has previously been found to 
underestimate sepsis estimates and may be an explana-
tion of the diverging results [43].

A Danish study of RTW in COVID-19 patients found 
that 6.6% of the patients hospitalized with COVID-19 
did not work at 3 months [44]. In contrast, we found that 
33.1% of patients with COVID-19-related sepsis were 
not working at 6 months. Both our and the Danish study 
(2022) were based on registry data. However, while the 
Danish study included all hospitalized patients with a 
positive SARS-CoV-2 polymerase chain reaction (PCR) 
test, regardless of organ dysfunction, our study focused 
on all COVID-19 patients with acute organ dysfunctions, 
regardless of COVID-19 as main or secondary diagnosis. 
This difference in patient selection with more severely 
sick patients in our study may explain the diverging 
results.

Associations between patients and clinical character-
istics and RTW in sepsis patients are limited. A recent 
registry-based Danish study (2018) of ICU patients and 
the need for organ support therapy found mechanical 
ventilation to be associated with a decreased chance of 
RTW [9]. Another study investigating different severity 
stages of acute kidney injury (AKI, stages I-III) in ICU 
patients surviving acute respiratory failure and/or sep-
sis found that 50% of those with AKI I and 22% of those 
with AKI II-III returned to work at 3-month follow-up 
[45]. Our study found that acute renal dysfunctions had 
a higher probability of sustainable RTW compared to 
acute respiratory dysfunction. However, we did not have 
the availability of AKI stages to differentiate and compare 
directly to Riddersholm et al. Another study by Poulsen 
et al. [49] investigating patients with septic shock found 
that 43% of patients returned to work at 1 year [46]. This 
is lower than in our study, where approximately 58% of 
the ICU patients RTW at 1 year. The diverging result may 
be explained by differences in the severity of sepsis since 
our study included all patients with sepsis receiving ICU 
treatment and not only septic shock. To our knowledge, 
no previous study has investigated characteristics associ-
ated with the probability of sustainable RTW in a patient 
group consisting of only patients admitted with sepsis, 
including non-ICU sepsis patients. Our findings support 
results from previous studies reporting that increasing 
age and pre-existing chronic comorbidities are associ-
ated with work status [35, 36]. However, compared to our 
study, these studies were small and based on self-reports; 
thus, direct comparisons are difficult.

There are some limitations to our study. First, the 
sepsis cohort is extracted from NPR using ICD-10 
codes. We used the Sepsis-3 definition throughout the 
study period when extracting ICD-10 codes, albeit the 
definition first came in 2016 [1]. Second, implicit sep-
sis codes are found to overestimate sepsis while explicit 
sepsis codes often underestimate sepsis, and by using 
both approaches, we assume to align the chances for 
over- and underestimation [43]. Moreover, we can-
not be sure that all acute organ dysfunction codes are 
associated with the infection, and thus, this could gen-
erate an overestimation of sepsis. Third, we identified 
only 34.2% as working, which is much lower than the 
national employment rate of 80.2%. Identifying a low 
employment rate among sepsis survivors may underes-
timate RTW. In our study, this could be a result of the 
strict inclusion criteria where only patients on medical 
benefit for a sepsis episode was considered. The self-
employed are only entitled to sickness benefits after the 
17th day and therefore may have returned to work with-
out a registered sick leave. Fourth, we did not inves-
tigate whether patients received graded sickness or 
medical benefits, meaning that some could have partly 
returned to work. Notably, the incidence rate and case 
fatality are in the lower range compared to estimates 
from a recent meta-analysis from 2020 and the global 
burden of disease study from 2017 [2, 41, 47]. The RTW 
estimates may also be influenced by social infrastruc-
ture, and therefore, the interpretation of the analysis is 
primarily relevant to countries with the same burden 
and comparable social welfare systems. Fifth, the low 
percentage of ICU patients can be explained by inclu-
sion of only working patients, where the majority were 
without comorbidities; thus, the risk of complicated 
organ dysfunction and a need of ICU stay was lowered. 
However, the low percentage can also be explained by 
how the Norwegian hospitals are organized in ICU, 
intermediate care wards and wards [48]. Intermedi-
ate care awards provides noninvasive ventilation and 
vasopressor support and does not report to NIR; thus, 
we were unable to determine the percentage of sepsis 
patients in need of organ support therapy. Since only 
SAPS II score is mandatory to report to NIR, we could 
not report on SOFA score. Sixth, we found a high prev-
alence of cancer patients in the overall cohort. This may 
be a result of a broad comorbidity extraction strategy 
of ICD-10 cancer codes. However, there is well known 
that cancer patients have an increased risk of devel-
oping sepsis [49], and the higher prevalence among 
non-ICU sepsis patients than ICU sepsis patients sug-
gests that the majority are managed at wards. Lastly, 
by using mutually exclusive categories of infection site, 
acute organs dysfunction and comorbidities to assess 
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sustainable RTW we risk oversimplifying a more com-
plex issue and ignoring important nuances. However, 
sensitivity analysis with binary variables identified the 
same infection sites, comorbidities, and acute organ 
dysfunctions as the main analysis, and therefore, we 
consider our estimates representative.

One major strength is that our study is based on com-
plete national administrative data [50]; thus, the selec-
tion bias is minimized. We have complete follow-up 
data, which is not possible in other cohorts based on 
patients’ self-report, where over 10% lost to follow-up 
since discharge is common [34]. We studied charac-
teristics associated with sustainable RTW, while previ-
ous studies report only RTW at fixed time points after 
receiving ICU treatment. Our group of patients was 
defined as RTW if they were without any form of ben-
efits and had sustained work for at least 31 consecutive 
days; thus, our results account for the fact that they 
have probably resumed work after the index sepsis epi-
sode. This is a strength because estimates of only fixed 
time points are snapshots of RTW and lack sustainable 
RTW. Furthermore, another strength is that we studied 
RTW over 11  years, thus making it possible to detect 
RTW trends and report RTW results beyond 1  year. 
Finally, the criteria for sickness benefits and disability 
pension have been the same during the study period 
reducing the chance that changes in RTW reflect 
changes in criteria for medical benefits.

Dealing with sepsis can result in long hospital stays, 
and it can take time returning to work. In cancer patients, 
research suggests that multidisciplinary interventions 
involving physical, psychoeducational, and/or voca-
tional components lead to more patients returning to 
work compared to usual care [51]. The literature is scare 
regarding effects of rehabilitation of patients with sep-
sis [52]; however, a systematic review of cancer patients 
found that while some interventions showed a significant 
difference for work outcomes when compared to usual 
care, others did not [53]. In conclusion, while work facili-
tation efforts may have a potential to increase RTW rates, 
more research is needed to identify the most effective 
strategies and interventions among sepsis patients.

Conclusion
Half of the ICU sepsis patients and two-third of the 
non-ICU sepsis patients had resumed work at 2 years. 
There were no improvements in RTW proportions 
over time. Vulnerable groups with reduced probabil-
ity of sustainable RTW were patients at higher ages, 
patients with an increasing number of comorbidities, 
and patients with an increasing number of acute organ 

dysfunctions. The lack of progress in improving RTW 
in patients with sepsis should warrant targeted inter-
ventions to improve long-term outcomes.
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