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ARTICLE INFO ABSTRACT

Keywords: Objectives: Evidence on the work-related societal impact of long-term health-related consequences following
Employment SARS-CoV-2 is emerging. We characterize the modified work ability index (mWAI) of employees 6 to 12 months
Long Covid

after an acute infection compared to pre-infection.

i/ler;t(ajl ﬂzalth Methods: Analyses were based on a population-based, multi-center cross-sectional study including employees
SZ;S_SZ;Q aged 18-65 years with positive SARS-CoV-2 polymerase chain reaction (tested between October 2020-April 2021
Work Ability in defined geographic regions in Germany). Prevalences and results of adjusted logistic regression analyses were

given.

Results: In 9752 employees (mean age 45.6 years, 58% females, response 24%), n = 1217 (13.1%) participants
were regarded as having low mWAI compared to pre-infection. Outpatient medical treatment, inpatient treat-
ment, and admission to intensive care during infection were associated with mWAI <15™ percentile (P15, each
odds ratio [OR] >3.0). Post-COVID symptom clusters most strongly linked to mWAI <P15 were neurocognitive
impairment and fatigue, but varying according to different age groups, to a lesser extent according to different
work demands. Associations for pre-existing mental disorders (OR 3.6 [95% confidence interval 3.0; 4.3]) and
mental disorders during/after infection (OR 8.0 [95% confidence interval 6.1; 10.4]) with mWAI <P15 were
found.

Conclusion: Our findings revealed risk factors of mWAI <P15 and associations of post-COVID symptom clusters
with WAI <P15, which could be potentially prioritized for targeting rehabilitation measures.
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S. Braig, R.S. Peter, A. Nieters et al.
Introduction

Evidence suggests long-term sequelae on health and quality of life
following an acute infection with the SARS-CoV-2. A post-COVID-19
condition or post-COVID syndrome (PCS) is considered if symptoms oc-
cur within 3 months from the acute infection, last at least 2 months
and cannot be explained by an alternative diagnosis [1]. These adverse
long-term health sequelae include a variety of symptoms (details see,
e.g., reviews [2,3]) requiring multimodal medical management and re-
habilitation. The estimated prevalence of PCS may be substantial, with
a reported frequency of up to 43% of those infected, 34% in outpatients,
and increasing to 54% after hospitalization [4].

According to comprehensive reviews [5,6], about 10% of the cur-
rent literature provides information on changes in work or occupation
following PCS. Yet, evidence on work-related impacts is inconclusive
as the studies differ substantially in their methods, including outcome
measurements, sample sizes, and follow-up periods. In a German study
of 30950 patients diagnosed with COVID-19, the prevalence of sick leave
for at least 4 weeks was 5.8% [7] whereas in a Swedish register-based
study of 11955 people who received sickness benefits for COVID-19,
9.0% remained on sick leave for 4 months due to PCS [8]. In addition,
for those who return to work, it is often necessary to adapt to the work
environment and employees’ tasks including reassessment of working
hours and the volume of work.

Risk factors for return to work following PCS were e.g. female sex,
older age and belonging to a risk group — including pre-existing chronic
illness and some specific COVID-19 symptoms during infection like
shortness of breath and fatigue [9]. However, only few research stud-
ies on return to work or work ability after COVID-19 have employed
standardized instruments. In this context, work ability (WAI) [10] as a
measure to assess the degree to which an individual is physically and
mentally able to cope with demands at work, might provide additional
information. The questionnaire is most commonly used in work abil-
ity research [11]. It is a reasonably good predictor of long-term sick
leave during the following year [12] and of receiving a work disability
pension during a follow-up period of 4 to 11 years [13]. Application in
COVID-19 research is rare yet.

The aim of our study is to describe work ability 6 to 12 months after
acute infection (compared to pre-infection work ability as reference) in
employees aged 18-65 years in a large multi-center population-based
study. We also evaluated risk factors for low work ability, including
the potential role of comorbidity and involved post-COVID-19 symptom
clusters.

Methods
Study design and study population

EPILOC (Epidemiology of Long COVID) is a population-based cross-
sectional study in four administratively and geographically defined re-
gions in the Federal State of Baden-Wiirttemberg (Southwest Germany).
The study included persons aged 18-65 years who had a diagnosis of
COVID-19, confirmed by positive polymerase chain reaction for SARS-
CoV-2 between October 01, 2020 and April 01, 2021. According to the
German Infection Protection Act all SARS-CoV-19 infections had to be
reported to the local public health authorities. The included authorities
were responsible for four distinct regions with a total population of 2.7
million combined around the university cities of Heidelberg, Freiburg,
Tiibingen, and Ulm including adjacent rural areas. Surviving persons
were contacted by the local public health authorities via postal mail
between late August and September 2021. All study materials (i.e., par-
ticipant information, informed consent form, and a standardized ques-
tionnaire) were included in the letter. Participants were asked to pro-
vide written informed consent and to send the study materials (postage-
paid) to the trustee office of the study center at the Freiburg University
Medical Centre. The trustee separated the declaration of informed con-
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sent from the completed questionnaire and forwarded the latter to the
data management center at Ulm University. The study was conducted
according to the Declaration of Helsinki and ethical approval was ob-
tained from the respective ethical review boards of the study centers
in Freiburg (21/1484) and Ulm (337/21). It is registered with DRKS
(“Deutsches Register Klinischer Studien”) (DRKS 00027012).

Further details and the overall study population are described in de-
tail elsewhere [14]. In brief, of the 50457 eligible with confirmed SARS-
CoV-2 infection invited to participate, N=12053 persons responded (re-
sponse 24%). After excluding 343 participants of unknown age or un-
determined sex, the resulting cohort consisted of 11710 participants.
Only participants gainfully employed at the time before the acute infec-
tion and included in the German pension fund (“Deutsche Rentenver-
sicherung”) were considered in the current analysis. Thus, we excluded
657 (6%) who were non-employed, 767 (7%) who studied or did train-
ing on the job, and 621 (5%) who were civil servants. In Germany, civil
servants differ largely from the general population in terms of access to
health care and characteristics of pension funds. We excluded further 93
(1%) participants who did not provide information on working capacity
regained.

Data collection and measurements

Sociodemographic characteristics including birth sex (self-reported
by the participant), were part of the standardized questionnaire, as were
lifestyle factors, medical information on the acute SARS-CoV-2 infection
(date of testing), and medical treatment during COVID-19. Participants
were asked for the following occupation-related information: Occupa-
tion prior to infection, current sick leave, retraining since COVID-19,
change of working hours, and the direction as well as the reason for
the change. Thirty specific symptoms were requested prior to, during
acute infection, and upon completion of the questionnaire (i.e., 6 to 12
months after infection). The response category for each of these ques-
tions was yes/no. Further symptoms could be added as free text. If one
of the symptoms was present at the time of the survey, we asked for
related medical treatment (yes/no) and whether and to which grade
each symptom impaired daily life or activities using a four-point Likert
scale (no such symptom, light, moderate, or strong). Current symptom
clusters (not present before the acute SARS-CoV-2 infection) were identi-
fied using exploratory polychoric factor analysis (with oblimin rotation)
based on symptom severity (not present, no impairment, light impair-
ment, moderate impairment, or strong impairment; for further details
see [14]).

WATI has been an important concept in occupational health research.
The questionnaire comprises seven items, of which we used three estab-
lished items to keep the questionnaire short: A self-assessment of cur-
rent working capacity compared to the lifetime best (labelled as WAI1
in the original questionnaire), self-assessed work ability in relation to
the mental (WAI2a) and physical demands (WAI2b), and the number
of comorbid diseases (referring to different organ systems). For the cur-
rent study, WAI was adapted to the COVID-19 situation through the
following wording: WAI1: “What percentage of your original working
capacity (before your infection) have you regained today?” The answer
was possible on a 10-point Likert scale (10% steps from 0% to 100%).
After assessing the demands of the work (response categories: mainly
mental, roughly equally mental and physical, mainly physical), partici-
pants were asked to assess their actual work ability in relation to these
demands on a five-point Likert scale (categories very good, good, mod-
erate, poor, very poor) as follows: "How would you assess your work
ability according to your physical tasks now?”, and separately asked,
“How would you assess your work ability according to your mental tasks
now?” WAI2 was calculated by weighting the work ability according to
the demands of work. If either WAI1 or WAI2 was missing, the summa-
tive index was set to a missing value (n = 253, 3%). Adapted to WAI, we
further asked for comorbidities: “Which of the following conditions have
been diagnosed by a physician? Please indicate whether this diagno-
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Description of the study population (N = 9572) 9-12 months after the SARS-CoV-2-infection: sociodemographic and lifestyle factors, and COVID-19-related variables.

Variables Study population (N = 9572) Men (n = 4024) Women (n = 5548)
n (%) n (%) n (%)
Sociodemographic characteristics
Age [years]
<30 1528 (16) 555 (14) 973 (18)
30-<40 1827 (19) 784 (20) 1043 (19)
40-<50 1817 (19) 765 (19) 1052 (19)
50-<60 3104 (32) 1278 (32) 1826 (33)
>60 1296 (14) 642 (16) 654 (12)
Marital status
Single 2390 (25) 981 (25) 1409 (26)
Married/living together 6572 (70) 2859 (72) 3713 (68)
Living apart 320 (3) 90 (2) 230 (4)
Widowed 111 (1) 18 (1) 93 (2)
Duration of school education [years] >12 4917 (52) 1989 (50) 2928 (53)
Nationality German 9019 (94) 3756 (94) 5263 (95)
Living area
Mostly urban 5869 (63) 2473 (63) 3396 (63)
Partly urban 1492 (16) 629 (16) 863 (16)
Mostly rural 1955 (21) 825 (21) 1130 (21)
Lifestyle
Smoking status
Current 992 (10) 409 (10) 583 (11)
Former 2527 (27) 1234 (31) 1293 (23)
Never 6029 (63) 2368 (59) 3661 (66)
Obesity (body mass index >30 kg/m?) 1877 (20) 867 (22) 1010 (18)
COVID-19-related factors
Time since infection [months] Mean, Standard deviation 8.5,1.6 8.5,1.7 8.6, 1.6
Median (interquartile range) 8.7 (7.5-9.7) 8.7 (7.4-9.7) 8.7 (7.6-9.7)
Medical treatment during COVID-19 infection
No 7236 (76) 3121 (78) 4115 (75)
Outpatient treatment 1906 (20) 669 (17) 1237 (23)
Inpatient treatment 273 (3) 159 (4) 114 (2)
Admission to intensive care unit 73 (1) 51 (1) 22 (0)

sis was prior to or during/after the infection?” and provided categories
such as “musculoskeletal diseases”, “cardiovascular diseases”, “mental
disorders”, etc., with examples, according to the structure of the work
ability index questionnaire. For each comorbidity, we asked if it was
diagnosed prior to (yes/no) or during/after the SARS-CoV-2 infection
(yes/no). Correlation and loadings of all variables on WAI were tested,
showing moderate correlations and loadings (similar to those indicated
for WAI as originally drafted). A summative score of WAI1 and WAI2
has shown to be strongly correlated to WAI [15] and was therefore used
in the study as a modified work ability index (mWAI). To analyze the im-
pact of physician-diagnosed comorbidities on mWAI, we did not include
them in the index. A potential association of the following work-related
and individual factors with WAI is discussed (see review [11]): sex, age,
socioeconomic status, marital status, smoking, and obesity which led us
to consider these variables as confounders. We used mWAI <15% per-
centile as an outcome variable for multivariable analyses as done by
others [16].

Statistical analysis

Characteristics of the study population are shown. Quantitative vari-
ables are presented by means and standard deviation (SD) or median
and IQR (interquartile range). We depict the severity of PCS symptom
clusters (not present before the acute SARS-CoV-2 infection) in partic-
ipants with mWAI <P15 by sex. Moreover, adjusted logistic regression
with mWAI <P15 as outcome was calculated. To avoid multicollinear-
ity, the following models were used: Model 1 comprised the established
risk factors for low WAI (see review [11]), work demands, and med-
ical treatment during acute infection. Model 2 further included the
seven most prevalent PCS clusters (i.e., fatigue, neurocognitive impair-
ment, chest symptoms, anxiety/depression, headache/dizziness, muscu-
loskeletal pain, impaired smell/taste, details in [14]). Results according
to age groups were depicted in the Supplement (please see Supplement).
Model 3 consisted of Model 1 and physician-diagnosed comorbidities

69

prior to or during/after the acute infection (please see Supplement). R?
was calculated. In the Supplement, the distribution of WAI1 is further
given (patterns of working capacity regained after COVID-19 infection
compared to pre-COVID). To account for a possible participation bias,
we calculated the minimum possible prevalence of low WAI1, assuming
that all non-responders had WAI1 of 100%, i.e., no loss of work ability
compared to pre-infection work ability. The distribution of WAI1 ac-
cording to age and sex is shown, along with models 2 and 3 stratified by
work demands. Statistical procedures were performed with the SAS sta-
tistical software package (release 9.4 SAS Institute Inc.) and R version
4.1.2.

Results

The available study population comprised 9572 employees, among
them 5548 (58%) women (details in Table 1). The average time since
the infection was 8.5 months (SD: 1.6). Overall, 1906 (20%) employees
received outpatient medical treatment, 273 (3%) inpatient treatment,
and 73 (1%) were admitted to the intensive care unit (ICU) during acute
infection.

A total of 6141 (65%) of the employees worked full-time prior to
their infection (Table 2). The occupation at the time of completing the
questionnaire (6 to 12 months after acute infection) reflected as much
as a 5%-decrease in full-time employment. In total, 417 employees (4%)
reported changed working hours due to health-related issues.

The mWAI (with a possible score from zero to 20 points), filled out
6 to 12 months after acute infection and describing current work ability
compared to pre-infection work ability, ranged from 2 to 20 points with
an average of 16.9 (SD: 3.2), and a median of 18.0 points (IQR: 15.0-
20.0) As shown in Table 2, the mWAI was lower in non- or part-time
employed than in full-time employed or mini-jobbers. By categorizing
mWAI at the 15t percentile (13.0 points), n = 1217 (13%) participants
were regarded as having low work ability. Considering our response
of 24% (and the potential of response bias) and under the extreme as-
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Description of the study population (N = 9572) 9-12 months after the SARS-CoV-2 infection: work- and COVID-19-related factors and average mWAL

Variables

Study population (N = 9572)

Men (n = 4024) Women (n = 5548)

n (%) Median (IQR) n (%) Median (IQR) n (%) Median (IQR)

Occupation pre-COVID-19

Full-time 6141 (65) 18.0 (16.0-20.0) 3611 (90) 18.0 (16.0-20.0) 2530 (46) 18.0 (15.0-20.0)

Part-time 2720 (29) 17.0 (15.0-19.0) 243 (6) 18.0 (16.0-20.0) 2477 (45) 17.0 (15.0-19.0)

Mini-job 639 (7) 18.0 (16.0-20.0) 143 (4) 19.0 (17.0-20.0) 496 (9) 18.0 (16.0-20.0)
Current occupation

Not employed 480 (5) 16.0 (11.0-18.0) 173 (4) 16.0 (11.0-18.0) 307 (6) 16.0 (11.0-19.0)

Full-time 5705 (60) 18.0 (16.0-20.0) 3416 (85) 18.0 (16.0-20.0) 2289 (42) 18.0 (16.0-20.0)

Part-time 2725 (29) 17.0 (15.0-19.0) 254 (6) 18.0 (15.0-20.0) 2471 (45) 17.0 (15.0-19.0)

Mini-job 469 (5) 18.0 (16.0-20.0) 106 (3) 18.0 (16.0-20.0) 363 (7) 18.0 (16.0-20.0)

Study/training 151 (2) 18.0 (17.0-20.0) 60 (2) 19.5 (18.0-20.0) 91 (2) 18.0 (16.0-20.0)
Work demands

Mainly mental 4546 (48) 18.0 (16.0-20.0) 2051 (52) 18.0 (17.0-20.0) 2495 (46) 18.0 (16.0-20.0)

Mental and physical 3946 (42) 17.0 (15.0-19.0) 1465 (37) 18.0 (15.0-19.0) 2481 (46) 17.0 (15.0-19.0)

Mainly physical 899 (10) 17.0 (15.0-19.0) 421 (11) 18.0 (15.0-20.0) 478 (9) 17.0 (14.0-18.0)
Currently on sick leave

No 9139 (96) 18.0 (16.0-20.0) 3859 (97) 18.0 (16.0-20.0) 5280 (96) 18.0 (15.0-20.0)

Continuously since infection 118 (1) 7.0 (3.5-11.0) 47 (1) 8.0 (5.0-11.0) 71 (1) 7.0 (3.0-10.0)

Again 241 (3) 12.0 (8.0-16.0) 91 (2) 12.0 (7.0-17.0) 150 (3) 12.0 (8.0-15.0)
Change of working hours (compared to pre-COVID-19)

No 7964 (85) 18.0 (16.0-20.0) 3417 (87) 18.0 (16.0-20.0) 4547 (84) 18.0 (15.0-20.0)

Yes, due to other reasons 965 (10) 18.0 (16.0-20.0) 353 (9) 18.0 (16.0-20.0) 612 (11) 18.0 (16.0-20.0)

Yes, due to health issues 414 (4) 12.5 (10.0-15.0) 165 (4) 15 (10.0-15.5) 249 (5) 12.0 (10.0-15.0)
Direction of change

Decreased 805 (62) 15.0 (12.0-18.0) 312 (63) 15.0 (12.0-18.0) 493 (61) 15.0 (12.0-18.0)

Increased 499 (38) 18.0 (16.0-20.0) 186 (37) 18.0 (16.0-20.0) 313 (39) 18.0 (16.0-20.0)
Rehabilitation due to COVID-19 infection

No 8862 (93) 18.0 (16.0-20.0) 3751 (94) 18.0 (16.0-20.0) 5111 (93) 18.0 (16.0-20.0)

No, but planned 430 (5) 13.0 (10.0-15.0) 149 (4) 13.0 (10.0-16.0) 281 (5) 13.0 (11.0-15.0)

Yes, outpatient 66 (1) 15.0 (12.0-18.0) 34 (1) 17.0 (12.5-18.5) 32(1) 15.0 (12.0-16.0)

Yes, inpatient 163 (2) 11.0 (7.0-14.0) 70 (2) 11.0 (7.0-15.0) 93 (2) 11.0 (7.0-14.0)

IQR: Interquartile range, mWAI: Work ability index modified, low values indicate low work ability

sumption that all non-responders had a maximum mWAI, this would
correspond to a minimum possible prevalence of 2% for mWAI <P15.

Overall 52% of our analysis population reported having regained
100% of their working capacity compared to pre-COVID 6 to 12 months
after acute infection, while 27% indicated a regained working capacity
of <80% (see Supplement Figure 1). The minimum possible prevalence
(accounting for potential response bias) was 5%. Women <40 years were
more often affected by reduced working capacity compared to men and
older age categories were also more affected (see Supplement Figure 2).

Fatigue (scored as moderate or strong) was the most common
symptom cluster likewise in women and men with mWAI <P15 (see
Figure 1), followed by neurocognitive impairment, chest symptoms and
anxiety/depression with percentages of those affected moderately or
strongly of >40% each.

Table 3 shows the association of established risk factors with low
work ability (mWAI <P15). In a mutually adjusted model, medical treat-
ment during acute infection was the factor most strongly related to
mWAI <P15, with the highest odds ratio (OR) of 6.7 (95% confidence
interval [CI] 4.0; 11.2) when admission to ICU had been reported. Age,
smoking, obesity, and physical work demands (as opposed to mainly
cognitive demands) were also associated with an increased OR for a
mWAI <P15 (each OR >1.5). Nevertheless, with a RZ = 7.5%, the model
fit was rather weak, but enhanced by introducing current PCS symptom
clusters (R% = 21.9%).

Table 4 shows, that both symptom clusters fatigue (OR 2.8 [95% CI
2.2; 3.4]) and neurocognitive impairment (OR 3.3 [95% CI 2.7; 4.0])
were highly associated with mWAI <P15. Also, the symptom clusters
chest symptoms and anxiety/depression nearly doubled the odds of
mWAI <P15. However, as depicted in the Supplement Figure 3, the asso-
ciation between anxiety/depression and mWAI <P15 differ according to
age groups with high odds of mWAI <P15 in the lowest and surprisingly,
oldest age category.

Physician-diagnosed mental disorders during or after infection were
highly associated with mWAI <P15 (OR: 8.0 [95% CI 6.1; 10.4], Sup-
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plement Table 1), similar to mental disorders already present prior to
COVID-19 (OR: 3.6 [95% CI 3.0; 4.3]). Further comorbidities associated
with mWAI <P15 (OR >2.0) in descending order were hormonal and
metabolic disorders during/after infection and neurological and sensory
disorders during/after infection.

After stratification for working tasks, neurocognitive impairment as
PCS symptom cluster strongly impacted the work ability in mainly men-
tally working employees compared to employees with mental and physi-
cal or mainly physical work demands (OR mWAI <P15: 5.4 [95% CI 3.9;
7.6]1 vs OR 2.5 [95% CI 2.0; 3.2]), see Supplement Table 2. And, as might
be expected, there is a higher burden of musculoskeletal diseases in em-
ployees with mWAI <P15 with mental and physical or mainly physical
demands (OR mWAI <P15: 2.3 [95% CI 1.5; 3.5] vs OR 1.1 [95% CI 0.6;
2.0]) (see Supplement Table 3).

Discussion

In this large population-based study of employees aged 18-65 years
evaluated 6 to 12 months after acute SARS-CoV-2 infection, risk factors
for low work ability compared to pre-infection were female gender, age
>60 years, mainly physical work demands, and medical treatment dur-
ing acute infection. The most important symptom clusters (not present
before the acute SARS-CoV-2 infection) associated with a low working
ability (mWAI <P15) were neurocognitive impairment (OR 3.3) and fa-
tigue (OR 2.8). These symptom clusters linked to low WAI are shown
to be however age-dependent with higher mental health issues in the
youngest age group. These PCS symptom clusters as well as physician-
diagnosed mental disorders showed a high risk for low work ability and
may be prioritized for targeting rehabilitation measures.

Kerksieck et al estimated the proportion of PCS patients who did not
regain the full work capacity after 1 year to be 5.8% [17], a finding
similar to our minimal positive result when we consider subjects with
work ability <80%. Additionally, in line with our results, recently con-
ducted research has shown that women had a larger reduction in work
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Women (n=775)

strong moderate moderate  strong
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5.6% 11.1% . Rash/paresthesial 8.0%
4.6% 9.9% Upper respiratory 6.9%
symptoms
10.5% 9.0% - Smell/taste | 15.7%
13.6% 19.2% Musculoskeletal 13.6%
pain
95%  22.5% - Headache/ I 11.4%
dizziness
depression
symptoms
237% 33.2% Neurocognitive 29.4%
impairment
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100 80 60 40 20 0 0 20 40 60 80 100

%

Severity of symptoms: ® no such symptom = moderate

light ® strong

Figure 1. Severity of post-COVID syndrome symptom clusters among infected with low work ability (mWAI <P15, n = 1217) 9-12 months after the SARS-Cov2-
infection. mWAIL: Work ability index modified; P15: 15™ percentile, current symptom clusters (not present before the acute SARS-CoV-2 infection).

ability or later return to work due to PCS than men, (e.g., [18-23]).
Age had a non-linear relationship with the outcome in one study, with
those who were younger or older having a higher likelihood of re-
covery whereas poor recovery was associated with middle age (40-59
years) [21]. Other research, like ours, however supported that older
age might be associated with prolonged return to work or lower work
ability (e.g., [7,8,191). The differing results may be attributed to the
workloads and the working conditions (e.g., manually vs cognitive)
of the populations included or the different age ranges under study.
Other predictors, such as organizational or work-organizational fac-
tors of return to work are less frequently analyzed. We observed lower

mWAI in part-time or non-employed compared to full-time employ-
ees. However, women are more likely to work part-time which might
explain this sex-effect related to part- vs full-time workers. Further-
more, a proportion of employees in our study changed their working
hours for non-health-related issues. Mainly physical work demands cor-
responded to lower mWAI which is in line with the evidence that physi-
cians had better improvement in physical health-related quality of life
than nurses and healthcare assistants after COVID-19 in a study con-
ducted in Italy [24]. Whether hospitalization or admission to ICU dur-
ing acute infection (in terms of disease severity) may serve as predictors
for low work ability or related outcomes is still under debate. In their
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Table 3

LJID Regions 10 (2024) 67-74

Prevalence difference and adjusted associations of potential risk factors with low work ability (mWAI <P15)? among the study population 9-12 months after the

SARS-Cov2-infection.

Risk factors

mWAI <P15 n/N

Pre-valence [%] Prevalence difference[%] Odds ratio (95%

confidence interval)

Sex Male 442/3912
Female 775/5407
Age [years] <30 102/1490
30-<40 154/1789
40-<50 243/1766
50-<60 471/3027
>60 247/1247
Education [years] <12 441/4525
>12 774/4769
Marital status Married/living together 846/6403
Single 258/2323
Living apart 68/314
Widowed 21/107
Nationality German 1128/8801
Other 89/507
Smoking Never 670/5860
Current 152/968
Former 391/2468
Obese (body mass index >30 No 846,/7425
kg/m?)
Yes 362/1822
Work demands Mainly mental 446/4494
Mental and physical 624/3932
Mainly physical 147/893
Medical treatment during acute No treatment 598/7044
infection
Outpatient Treatment 501/1861
Inpatient Treatment 76/265
Admission to intensive care 31/69

unit

11.3 0 1

14.3 3.0 1.3 (1.2; 1.5)
6.8 0 1

8.6 1.7 1.2 (0.9; 1.6)
13.8 6.9 1.9 (1.4; 2.5)
15.6 8.7 1.9 (1.5; 2.5)
19.8 13.0 2.6 (1.9; 3.4)
16.2 6.5 1.2 (1.0; 1.3)
9.7 0 1

13.2 0 1

11.1 -2.1 1.2 (1.0; 1.4)
21.7 8.5 1.4(1.0; 1.9)
19.6 6.4 1.0 (0.6; 1.7)
12.8 0 1

17.6 4.7 1.4 (1.1; 1.8)
11.4 0 1

15.7 4.3 1.2(1.1;1.4)
15.8 4.4 1.5(1.2; 1.9)
11.4 0 1

19.9 8.5 1.5(1.3; 1.7)
9.9 0 1

16.5 6.0 1.5(1.3; 1.7)
15.9 6.5 1.5(1.2; 1.8)
8.5 0 1

26.9 18.4 3.6 (3.1; 4.1)
28.7 20.2 3.7 (2.8; 4.9)
44.9 36.4 6.7 (4.0; 11.2)

mWAL work ability index modified; P15: 15™ percentile for the model we only included the most prevalent seven symptom clusters, irrespective of mWAI<P15;
clusters of symptoms (not present before the acute SARS-Cov-2 infection); bold letters indicate statistical significance P <0.05.
a: adjusted for sex, age, education, marital status, nationality, smoking, obesity, work demands, and medical treatment during acute infection; a prevalence

difference of 0 indicates the comparison group.

Table 4

Prevalence difference and mutually adjusted associations of post-COVID symptom clusters with low work ability (mWAI <P15)* among the study population 9-12

months after the SARS-Cov2-infection.

Post-COVID symptom clusters mWAI<P15 Pre-valence[%)] Prevalence difference[%)] Odds ratio (95%
n/N confidence interval)

Fatigue No 183/5505 3.3 0 1

Yes 987/3501 28.2 24.9 2.8 (2.2; 3.4)
Neurocognitive impairment No 250/6081 4.1 0 1

Yes 913/2977 30.7 26.6 3.3(27; 4.0)
Chest symptoms No 362/6267 5.8 0 1

Yes 825/2822 29.2 23.5 1.9 (1.6; 2.2)
Anxiety/depression No 500/7140 7.0 0 1

Yes 687/2010 34.2 27.2 1.9 (1.6; 2.3)
Headache/dizziness No 557/7180 7.8 0 1

Yes 606,/1885 32.1 24.4 1.6 (1.3; 1.9)
Musculoskeletal pain No 593/7411 8.0 0 1

Yes 577/1620 35.6 27.6 1.6 (1.3; 1.8)
Smell/taste No 704/6822 10.3 0 1

Yes 452/2147 21.1 10.7 1.4 (1.2; 1.6)

mWAL Work ability index modified; P15: 15% percentile; for the model we only included the most prevalent seven clusters of symptoms (not present before the
acute SARS-Cov-2 infection), irrespective of WAI<P15; bold letters indicate statistical significance at P <0.05

a: adjusted for sex, age, education, marital status, nationality, smoking, obesity, work demands, medical treatment during acute infection, and the post-COVID
symptom clusters indicated in the table; a prevalence difference of 0 indicates the comparison group.

recent review, Dirican and Bal [25] did not find an association between
the initial COVID-19 disease severity and work ability except how-
ever for dyspnea and fatigue. The opposite was found in other studies
(e.g., [8,26-28]).

Leading work ability obstacles comprised the post-COVID-symptom
fatigue, the interaction between symptoms and job, lack of control over
job pressures, and the organizational culture [29]. Lack of control over
job pressure might further explain the lower work ability in healthcare
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assistants vs physicians. Ferndndez-de-Las-Pefas et al. identified the
post-COVID symptoms, fatigue and dyspnea as diminishing functional
ability [18]. Interestingly, post-COVID cognitive impairment [30] or
post-COVID fatigue and a reduced cognitive function were associated
with not being able to return to work in 77 employees [31], yet no simi-
lar association was found with post-COVID depression and anxiety [31].
There was also strong evidence for a difference in the association (i.e.,
effect modification) of the presence of self-reported COVID-19 related
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symptoms with current work ability between participants aged 40-64
years and those aged 18-39 years, with a higher reduction in work abil-
ity in the older group [17].

Further vulnerable subgroups for low work ability after SARS-CoV-2
infection may persist, specifically those affected by prior mental dis-
orders. Higher age and a history of psychiatric diagnosis were associ-
ated with more substantial reductions in post-COVID work ability [17].
Since symptoms of PCS are unpredictable, cyclic and fluctuating, anxi-
ety, stress, and uncertainty may potentially be provoked. Similarly, de-
pression, anxiety, perceived stress, loneliness, and worry about COVID-
19 were prospectively associated with a 1.3- to 1.5-fold increased risk
of self-reported post-COVID-19 conditions, as well as increased risk of
daily life impairment related to post-COVID-19 conditions [32].

During the pandemic, working from home has emerged as the ‘new
normal’ especially for knowledge workers [33] with twice as many
workers who worked from home full-time compared to prepandemic
[34]. Thus, albeit recent efforts to reverse this development and imple-
ment suitable hybrid models, the workforce has changed considerably.
This refers to, e.g., the frequency of meetings, emails, coaching from su-
pervisors, and face-to-face interactions (see review [35]). Working from
home might reduce physical and psychological work stress but promote
presenteeism [36]. Flowingly, our findings concerning the employees’
work ability observed in an early stage of the pandemic might not eas-
ily be applied to the future course or to possible subsequent pandemics.
Yet, our results might be generalized to populations with low rates of
hospitalization since only 4% of our study population was hospitalized.
However, this is in line with the data from the State Department of
Health Protection, Infection Control and Epidemiology (State of Baden-
Wiirttemberg), in which the rate of PCR-positive tested patients who
needed hospitalization during the first wave equaled 4%.

Nevertheless, the following limitations should be noted: The work
ability index is assessed using a slightly modified questionnaire and we
restricted our analyses to WAI1 and WAI2. Yet, a sum of these two vari-
ables (similar to WAI1 alone) is shown to be highly correlated to WAI
[15]. A lack of medical validation of the self-reported nature of symp-
toms and comorbidities is evident. Also, recall bias must be considered,
especially in subjects with neurocognitive impairments. Furthermore,
we had a limited response with the possibility of selection bias (e.g., the
potential for overestimation of prevalence measures). However, even
with the extreme assumption that all non-respondents were not affected
by low working capacity, the minimum possible prevalence of a work-
ing capacity less than 80% was 5%. In general, response was better in
females compared to males and increased with age categories. How-
ever, weighting estimates for non-responders resulted in only marginally
different estimates [14]. This still can result in a huge societal burden
given the high number of infected individuals. As our study cohort was
infected mainly with the wild type of SARS-CoV-2, generalizability to
other variants is not warranted even if it has to be kept in mind that the
risk of PCS decreased and return to work was more likely with each vari-
ant [9]. Overall, the prevalence of long-COVID was higher in individuals
infected with the first variant compared to those infected with the Al-
pha, Delta or Omicron variants (see review [37]). Additionally, evidence
suggests that vaccination before SARS-CoV-2 infection could reduce the
risk of subsequent long-COVID (see reviews [38,39]). For instance, per-
sons who were vaccinated twice reported significantly lowered risks of
fatigue, headache, weakness of limbs, and persistent muscle pain [40].

Overall, post-COVID-related clusters such as neurocognitive impair-
ment, fatigue, as well as chest symptoms, and anxiety and depression,
most prominently, showed a high risk of low work ability compared to
pre-infection as reference. The results may help to identify and target
specific rehabilitation needs in order to early intervene and restore work
ability.
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