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Abstract

Health-related quality of life (HRQoL) in the context of COVID-19 is not fully understood. We
assessed HRQoL using Patient-Reported Outcomes Measurement Information System® meas-
ures among 559 former COVID-19 patients and 298 non-infected individuals. HRQoL was
captured once up to 2 years after the initial test. Additionally, we described associations of
characteristics with impaired HRQoL. Overall, HRQoL scores were inferior among former
patients. A meaningful group difference of at least three T-score points was discernible until 12
months after testing for fatigue (3.1), sleep disturbance (3.5), and dyspnoea (3.7). Cognitive
function demonstrated such difference even at >18 months post-infection (3.3). Following
dichotomization, pronounced differences in impaired HRQoL were observed in physical
(19.2% of former patients, 7.3% of non-infected) and cognitive function (37.6% of former
patients, 16.5% of non-infected). Domains most commonly affected among former patients
were depression (34.9%), fatigue (37.4%), and cognitive function. Factors that associated with
HRQoL impairments among former patients included age (OR ≤2.1), lower education (OR
≤5.3), and COVID-19-related hospitalization (OR ≤4.7), among others. These data underline
the need for continued attention of the scientific community to further investigate potential
long-term health limitations after COVID-19 to ultimately establish adequate screening and
management options for those affected.

Introduction

Ongoing symptoms after Coronavirus Disease 2019 (COVID-19) affect a substantial proportion
of individuals following Severe Acute Respiratory Syndrome Coronavirus Type 2 (SARS-CoV-2)
infection [1–3]. The majority of individuals affected by those long-term health limitations
experience reduced health-related quality of life (HRQoL) [4]. Even though HRQoL reductions
after COVID-19 are, therefore, presumably very common in the entire population, more
than 5 years after the emergence of SARS-CoV-2, standardized screening and management
options of HRQoL limitations after COVID-19 have not been established.

Impairment of the individual’s well-being and/or functioning may be measured as HRQoL,
including physical-, emotional-, and social health aspects [5]. Multiple tools have been estab-
lished to measure and compare HRQoL and have widely been used in clinical and research
settings. HRQoL limitations after SARS-CoV-2 infection have been associated with demographic
features such as female sex andwith characteristics of the acute COVID-19manifestation, such as
hospitalization and mechanical ventilation, among others [6]. However, especially in the pre-
dominant group of patients with mild COVID-19, the magnitude, duration, and details of
impairedHRQoL are only poorly understood. Similarly, socio-demographic and socio-economic
characteristics are known to influence the risk and course of SARS-CoV-2 infection, but their role
in post-COVID HRQoL has been investigated only in a limited number of studies [7–10].

Charité – Universitätsmedizin Berlin opened a public SARS-CoV-2 testing site immediately
after the first COVID-19 patient had been identified in the city on 1 March 2020. The site
provided polymerase chain reaction (PCR)-based testing for the general population with
indicative symptoms or contact with SARS-CoV-2-infected individuals and was operative until
18 June 2021 [11, 12].We followed up positively and negatively tested individuals at a single time
point 6 to 26 months after their SARS-CoV-2 test at the Charité public testing site. The primary
aim of this study was to evaluate HRQoL among former COVID-19 patients as well as a group of
consistently non-infected individuals. The secondary aim was to aid the formulation of hypoth-
eses about potential at-risk groups by exploratively describing associations between socio-
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demographic and socio-economic factors with impaired HRQoL
among formerly SARS-CoV-2-infected individuals.

Methods

Study design, setting, and participants

We conducted a matched cohort study among adult participants
who had been PCR-tested for SARS-CoV-2 through the public
testing site of Charité –Universitätsmedizin Berlin between March
2020 and June 2021. Substantial parts of themethods have also been
described by Meierkord et al. [12]. Between December 2021 and
March 2022, we distributed study invitations, study information,
consent forms, and paper-based questionnaires among all individ-
uals who had tested positive for SARS-CoV-2 by postal mail.
Documents were in German but upon request, English, Turkish,
and Polish versions were re-sent. Responding former COVID-19
patients were included in our cohort. For each former COVID-19
patient, we then identified individuals who had tested negative for
SARS-CoV-2 and matched by test date (test week ±2 weeks), age
decade, and sex. These individuals were equally invited for study
participation by sending them the same documents and included in
the cohort if responding. Matching was performed to better stand-
ardize the factors mentioned above, not to remove confounding.
Former COVID-19 patients completed the questionnaire between
December 2021 and June 2022, whereas negatively tested partici-
pants did so between January and June 2022. Hereafter, the time of
questionnaire completion, i.e. the time of HRQoL assessment, is
referred to by ‘study participation’. Individuals who tested negative
at presentation to the Charité testing site but reported a confirmed
or highly suspected SARS-CoV-2 infection previously or subse-
quently were excluded. Confirmed or highly suspected COVID-19
was defined by a self-reported positive SARS-CoV-2 test (PCR,
antigen, or antibody), common symptoms formultiple days includ-
ing anosmia and/or ageusia and/or common symptoms after con-
tact with a confirmed COVID-19 patient. Consequently, we
assumed that the group of negatively tested individuals had never
contracted COVID-19 at any point before study participation.
Among participants who send back a completed questionnaire,
three tablets were raffled. [12] We categorized former COVID-19
patients into three groups based on the time interval between the
initial positive test result and study participation: i1 (≤12 months),
i2 (>12–18 months), and i3 (>18 months). Those who did not
provide a date of questionnaire completion could not be grouped
into i1-3 and are not included in respective parts of the analysis.

Variables and HRQoL assessment

The study questionnaires included items to assess socio-
demographic and socio-economic characteristics and information
on previous COVID-19. We defined ‘lower education’ by primary
or secondary education, without university qualification, or the
absence of formal education. We defined ‘higher non-academic
education’ by completed apprenticeship and ‘higher academic edu-
cation’ when participants had obtained at least university qualifi-
cation. Derived from the definition of the German Federal
Statistical Office we defined ‘family history of migration’
(hereafter, ‘migration background’) when at least one parent was
not born in Germany [13]. Since 37% of Berlin’s inhabitants have a
migration background, and migration is a factor known to influ-
ence COVID-19 risk, we targeted this group in the analysis by
including migration background as an independent variable in our

analyses to describe factors associated with impaired HRQoL [14,
15]. Applying the OECD equivalence scale, we estimated the
adjusted household income utilizing the variables of net household
income, household size, number of children per household, and
income statistics for Berlin, Germany [16, 17].

To assess HRQoL, we used three tools of the Patient-Reported
Outcomes Measurement Information System® (PROMIS®): PRO-
MIS-29 Profile (v2.1), PROMIS Short Form v1.0 – Dyspnea Func-
tional Limitations 10a, and PROMIS Short Form v2.0 – Cognitive
Function 4a for adults [18–22]. PROMIS-29 comprises eight
domains: physical function, anxiety, depression, fatigue, sleep dis-
turbance, ability to participate in social roles and activities
(hereafter, ‘social abilities’), pain interference, and pain intensity
[23]. These tools almost exclusively assess HRQoL of the seven days
prior to completion of the questionnaire [24]. We converted raw
data to referenced T-scores using the HealthMeasures Scoring
Service (https://www.assessmentcenter.net/ac_scoringservice). In
that, T-scores are related to data from a reference population,
whose basic demographic characteristics match the 2000 United
States (US) census [25]. Missing data were accounted for by
response pattern scoring [23, 26, 27]. Raw scores are provided in
the supplementary material available from the Cambridge Core
website (Supplementary Table S1). The meaning of the T-scores
varies with domains: higher T-scores in physical function, social
abilities, and cognitive function represent better HRQoL, while
higher T-scores in anxiety, depression, fatigue, sleep disturbance,
pain interference, and dyspnoea represent poorer HRQoL [25]. The
highest raw score converts to a T-score of 57.0–81.6 depending on
the domain [23, 26, 27]. In accordance with a PROMIS leadership
consensus, we considered a difference between groups of at least
three T-score points to reflect a meaningful difference [25]. Next,
we dichotomized T-scores into normal versus at least mildly
impaired (hereafter, ‘impaired HRQoL’) using score cut points
[25]. For the purpose of this study, we set T-score thresholds for
impaired HRQoL at T-scores of 45 (physical function, social abil-
ities, and cognitive function) or 55 (anxiety, depression, fatigue, and
pain interference) [25]. The domain pain intensity is scored on a
numeric scale from 0 to 10, and no T-scores are available [23]. The
reference populations of the domains sleep disturbance and dys-
pnoea are not based on the general population [25]. Consequently,
T-score thresholds derived from the reference population of these
domains are not applicable for our population.

Data analysis

The paper-based questionnaire was digitized using FormPro Soft-
ware (OCR Systems, Version 3.1) and transferred into Microsoft
Excel 2016. We used SPSS IBM version 28.0.1.0 and R (4.3.0) for
statistical analyses. Socio-demographic characteristics are pre-
sented as median and range for continuous variables and as pro-
portions for categorical variables. HRQoL scores are presented as
means with standard deviation (SD), differences between mean
T-scores with corresponding 95% confidence interval (CI) are
included. Following dichotomization, impaired HRQoL is reported
separately as a categorical variable for each time interval. Due to the
explorative aim of this study to describe factors associated with
impaired HRQoL, we have included every dichotomized domain in
further analyses. Potential associations between the factors tested
andHRQoL impairment were evaluated in mixed-effects univari-
able logistic regression models among former COVID-19
patients. In that, variables to be included were determined by
consensus by a subset of the authors. Each potential factor was
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included as independent variable with each HRQoL domain as
dependent variable in individual models. To adjust for the poten-
tial clustering of data representing three different time intervals,
random intercepts were included in the models; no further
adjustments were made in this descriptive study. The reported
odds ratios (OR) are used descriptively to summarize observed
relationships without implying causation. This study did not
include a causal framework.

Results

We contacted all 2991 individuals who had tested positive for
SARS-CoV-2 at the Charité public testing site, of whom
576 responded (response rate, 19.3%). We then contacted 4869
out of the 20700 individuals who had tested negative, of whom
693 responded (response rate, 14.2%). [12] After exclusion of
initially non-infected individuals who reported confirmed or highly
suspected COVID-19 (n = 391) by the aforementioned definition
and minors (n = 21) from SARS-CoV-2 infected and non-infected
participants, we included 559 former COVID-19 patients and
298 consistently non-infected individuals in this analysis.

Socio-demographic characteristics

Socio-demographic characteristics are presented in Table 1. The
median time interval between SARS-CoV-2 test date and study par-
ticipation was 14 months (range, 6–26 months). The median age of
participants was 40 years (range, 18–82 years). Almost two thirds of
the participants were female. Of all former COVID-19 patients, 6%
had formerly been hospitalized due to symptoms of COVID-19. At
the time of study participation, 98.6% of all participants had received
at least one dose of SARS-CoV-2 vaccine. Among vaccinated former
COVID-19 patients, the vast majority (97.8%) had received the first
dose after infection. The majority, 69.7%, of participants with migra-
tion background were German citizens. Other nationalities included
primarily European or North American countries.

Differences in HRQoL scores between former COVID-19 patients
and non-infected individuals

MeanT-scores of former COVID-19 patients and consistently non-
infected individuals with SD as well as the difference of these means
with 95% CI are presented in Table 2. Throughout the period of
observation, T-scores were worse in former COVID-19 patients,
with few exceptions. For the shortest time interval (i1,≤12months),
the threshold of a meaningful difference between former patients
and non-infected was exceeded for the domains fatigue, sleep
disturbance, cognitive function, and dyspnoea reflecting worse
HRQoL in former COVID-19 patients. More than 12 months after
COVID-19 (i2 and i3), such was observed only for the domain
cognitive function.

Next, we dichotomized T-scores into normal and impaired
HRQoL (Figure 1). More than one in four non-infected individuals
exhibited impaired HRQoL in the domains anxiety (n = 74, 27.1%),
depression (n = 81, 29.6%), and/or fatigue (n = 71, 26.1%). How-
ever, impaired HRQoL in these domains was more frequent in
former COVID-19 patients. Formerly SARS-CoV-2-infected indi-
viduals demonstrated a higher prevalence of impaired HRQoL than
non-infected individuals in all domains up to 18months (i1 and i2)
after COVID-19. An impairment in the domains physical (19.2% of
all former COVID-19 patients vs. 7.3% in non-infected) and

cognitive function (37.6% of all former COVID-19 patients
vs. 16.5% in non-infected) was two to three times more frequent
in former COVID-19 patients compared to non-infected individ-
uals. In the domain physical function, anxiety, depression, and pain
interference at increasing time intervals between test and study
participation, the prevalence of impaired HRQoL demonstrated to
gradually decrease among former COVID-19 patients.

Factors associated with impaired HRQoL after COVID-19

Finally, we analysed associations of socio-demographic and socio-
economic factors with impaired HRQoL among former COVID-19
patients (Table 3). For an impairment in the domains physical func-
tion, anxiety, social abilities, pain interference, and cognitive function,
associationswere stronger for lower education (OR5.3/2.5/1.9/4.5/2.0)
and COVID-19-related hospitalization (OR 4.2/2.3/3.8/3.0/4.7) than
other factors. For the domain social abilities, an equal association
as for lower education was found for an income below average
(OR 1.9). For the domain depression, positive ORs were found for
COVID-19-related hospitalization (OR 2.6) and an income below
average (OR 2.5), among others. For fatigue, this was the case for
an income below average (OR 2.3) and female sex (OR 2.2). As a
factor, migration background demonstrated stronger associations
with an impairment in the mental health domains anxiety and
depression as compared to other domains.

Discussion

In this study, we assessed HRQoL among former COVID-19
patients and consistently non-infected participants who had been
tested 6 to 26months prior to study participation. HRQoL T-scores
were lower among former COVID-19 patients compared to non-
infected individuals across multiple domains. The reduction
in HRQoL scores among former COVID-19 patients was more
pronounced the more recent the positive test, with one notable
exemption, cognitive function. For that, a meaningful difference
compared to non-infected individuals was present at all time inter-
vals we assessed. After dichotomization, prevalence of impaired
HRQoL was higher among former COVID-19 patients than non-
infected individuals in all domains andmost time intervals. Various
socio-demographic and socio-economic factors, as well as prior
hospitalization due to COVID-19, demonstrated to be associated
with HRQoL impairments in various domains among former
patients.

Across multiple studies, including different populations, periods,
and assessment tools, it has been demonstrated that HRQoL scores
commonly improve over the months following COVID-19 [28–30].
Our descriptive approach may support this trend. However, we
did not follow-up on intra-individual changes of HRQoL and are,
therefore, not directly describing recovery from HRQoL impair-
ments. Longitudinal data are needed to show improvements
over time.

Mean T-scores in our cohort were within normal limits when
utilizing score thresholds [25]. This accords with other studies,
which report inferior mean HRQoL scores in former COVID-19
patients than reference population means while formally being
largely within normal limits of a US reference population
[8, 31]. Most PROMIS reference scores are based on the 2000
US census and can consequently not account for potential shifts
due to the COVID-19 pandemic [25]. According to a PROMIS
leadership consensus, a meaningful minimal difference of three
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T-score points ‘may be reasonable for most contexts’ [25]. How-
ever, there is no threshold that always reflects a meaningful
difference. Therefore, thresholds in general also come with
uncertainties, and results should be interpreted cautiously.While

numerous studies on post-COVID-19 HRQoL reported only the
statistical significance between score differences, it is crucial to
consider the clinical context and relevance of such differences,
since statistical significance of minor differences can often be

Table 1. Socio-demographic characteristics of former COVID-19 patients and non-infected individuals at the time of study participation

SARS-CoV-2 non-infected:
all (n = 298)

Former COVID-19 patients

All former COVID-19 patients
(n = 559)*

i1 (≤12 months)
(n = 152)

i2 (>12–18 months)
(n = 298)

i3 (>18 months)
(n = 103)

Age

Years† 46 (19–80) 39 (18–82) 38 (18–73) 38 (18–82) 43 (22–74)

Missing 10 (3.4) 6 (1.1) 0 0 0

Sex

Female 189 (64.7) 322 (58.0) 102 (67.1) 170 (57.4) 48 (47.1)

Male 102 (34.9) 232 (41.8) 50 (32.9) 125 (42.2) 54 (52.9)

Diverse 1 (0.3) 1 (0.2) 0 1 (0.3) 0

Missing 6 (2.0) 4 (0.7) 0 2 (0.7) 1 (1.0)

Interval: test to study participation

Months† 15 (9–25) 13 (6–26) 10 (6–12) 14 (13–18) 22 (19–26)

Missing 10 (3.4) 6 (1.1) 0 0 0

Formal education

Lower 26 (8.9) 60 (10.8) 16 (10.7) 28 (9.4) 12 (11.7)

Higher academic 229 (78.7) 418 (75.3) 109 (72.7) 227 (76.4) 81 (78.6)

Higher non-academic 36 (12.4) 77 (13.9) 25 (16.7) 42 (14.1) 10 (9.7)

Missing 7 (2.3) 4 (0.7) 2 (1.3) 1 (0.3) 0

Status of employment

Working 231 (78.6) 431 (77.7) 123 (82.0) 224 (76.7) 79 (77.5)

Job seeking 8 (2.7) 15 (2.7) 6 (4.0) 5 (1.7) 4 (3.9)

In education 20 (6.8) 56 (10.2) 16 (10.7) 38 (13.0) 2 (2.0)

Retired 30 (10.3) 37 (6.7) 2 (1.3) 20 (6.8) 15 (14.7)

Inability to work 3 (1.0) 10 (1.8) 3 (2.0) 5 (1.7) 2 (2.0)

Other 2 (0.7) 6 (1.1) 2 (1.3) 3 (1.9) 1 (1.0)

Missing 4 (1.3) 4 (0.7) 2 (1.3) 6 (2.0) 1 (1.0)

Household income

Above average 82 (37.3) 138 (32.2) 35 (29.2) 77 (33.3) 26 (34.7)

Average 94 (42.7) 180 (42.0) 51 (42.5) 95 (41.1) 32 (42.7)

Below average 44 (20.0) 111 (25.9) 34 (28.3) 59 (25.5) 17 (22.7)

Missing 78 (26.2) 130 (23.3) 32 (21.1) 67 (22.5) 28 (27.2)

Migration background

Yes 62 (21.1) 165 (29.8) 43 (28.7) 90 (30.4) 30 (29.1)

No 232 (78.9) 389 (70.2) 107 (71.3) 206 (69.6) 73 (70.9)

Missing 4 (1.3) 5 (0.9) 2 (1.3) 2 (0.7) 0

Hospital admission due to COVID–19 symptoms

Yes — 33 (5.9) 6 (3.9) 14 (4.7) 12 (11.7)

No — 526 (94.1) 146 (96.1) 284 (95.3) 91 (88.3)

Missing — 0 0 0 0

*Six former COVID-19 patients could not be grouped into i1-i3 due to missing data.
†Presented as median (range); all other variables incl. all missing values are presented as n (%).
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reached by sufficiently large sample sizes [32]. Therefore, statis-
tically significant differences of HRQoL scores without clinical
context need to be interpreted with caution.

In our cohort, migration background demonstrated associations
with impairment in two mental health domains (anxiety and
depression). Verveen et al. reported from a prospective study
among former COVID-19 patients in the Netherlands that migra-
tion background was associated with inferior HRQoL in multiple
domains [10]. For the mental health domain, this was more pro-
nounced for a migration background from high-income countries
[10]. More targeted research is needed to better understand the
linkages between COVID-19, migration, and mental health.

It has been demonstrated that vaccination prior to infection
lowers the risk for health consequences after COVID-19 [33]. The
vast majority of our cohort was vaccinated after SARS-CoV-2

infection. Therefore, we do not assume that vaccination status
had a strong influence on our results. It has also been demonstrated
that health consequences after SARS-CoV-2 infection were more
common in the pre-Omicron era of the pandemic [3]. Before
service of our testing site was terminated, SARS-CoV-2 infections
were caused by Delta- or previous variants [34]. Because COVID-
19 always has and always will be a continuously evolving challenge,
our results offer a snapshot of HRQoL data earlier in the pandemic
and should be applied cautiously in the current COVID-19 context.

Strengths and limitations

This study has several strengths. Firstly, while most research on
health outcomes after COVID-19 stopped at 6–12 months post-
infection, our study recorded HRQoL after a long interval of up to

Figure 1. Impaired HRQoL among former COVID-19 patients and non-infected individuals.

Table 2. HRQoL: unadjusted mean T-scores in former SARS-CoV-2 non-infected individuals and former COVID-19 patients

Non-infected/infected: i1 (≤12 months) Non-infected/infected: i2 (>12�18 months) Non-infected/infected: i3 (>18 months)

Physical function 54.5 (5.8)/51.6 (7.7); 2.9 (1.5 to 4.4) 54.5 (5.8)/51.9 (7.0); 2.7 (1.6 to 3.7) 54.5 (5.8)/52.4 (7.2); 2.1 (0.6 to 3.7)

Anxiety 49.6 (8.5)/50.4 (9.1); �0.8 (�2.6 to 1.0) 49.6 (8.5)/50.0 (9.4); �0.4 (�1.9 to 1.1) 49.6 (8.5)/50.6 (10.4); �0.9 (�3.2 to 1.3)

Depression 50.2 (8.7)/50.8 (9.2); �0.6 (�2.4–1.2) 50.2 (8.7)/51.0 (9.1); �0.8 (�2.3 to 0.6) 50.2 (8.7)/49.7 (9.3); �0.4 (�1.6 to 2.5)

Fatigue 48.0 (10.0)/51.1 (11.2); �3.1 (�5.3 to (�1.0)) 48.0 (10.0)/50.8 (10.5); �2.8 (�4.5 to (�1.1)) 48.0 (10.0)/48.4 (11.4); �0.4 (�2.9 to 2.1)

Sleep disturbance 47.5 (8.3)/51.0 (8.5); �3.5 (�5.2 to (�1.8)) 47.5 (8.3)/50.4 (8.8); �2.8 (�4.2 to (�1.4)) 47.5 (8.3)/48.9 (9.7); �1.4 (�3.5 to 0.8)

Social abilities 53.6 (8.9)/52.2 (9.3); 1.4 (�0.4 to 3.3) 53.6 (8.9)/51.8 (9.3); 1.8 (0.3 to 3.3) 53.6 (8.9)/52.6 (9.9); 1.0 (�1.2 to 3.2)

Pain interference 47.8 (7.6)/48.5 (9.0); �0.8 (�2.5 to 1.0) 47.8 (7.6)/48.2 (8.2); �0.4 (�1.7 to 0.9) 47.8 (7.6)/47.5 (8.3); 0.3 (�1.6 to 2.1)

Pain intensity† 1.4 (1.8)/1.6 (2.1); �0.2 (�0.6 to 0.2) 1.4 (1.8)/1.6 (1.9); �0.2 (�0.5 to 0.2) 1.4 (1.8)/1.3 (2.1); 0.1 (�0.4 to 0.5)

Cognitive function 52.0 (8.4)/48.6 (10.7); 3.4 (1.4 to 5.4) 52.0 (8.4)/48.1 (9.6); 3.9 (2.4 to 5.4) 52.0 (8.4)/48.7 (11.7); 3.3 (0.8 to 5.8)

Dyspnoea 38.1 (6.2)/41.8 (8.9); �3.7 (�5.3 to (�2.0)) 38.1 (6.2)/40.3 (7.6); �2.2 (�3.3 to (�1.0)) 38.1 (6.2)/40.4 (8.7); �2.3 (4.2 to (�0.5))

Data are mean T-Score (standard deviation) of non-infected individuals/mean T-Score (standard deviation) of former COVID-19 patients; difference of T-Score means between SARS-CoV-2 non-
infected and former COVID-19 patients (95% confidence interval).
†For the domain pain intensity, no T-score is generated, presented scores are raw scores. T-Scores and raw scores are bolded.Frequency ofmissing values and usage of response pattern scoring is
found in Supplementary Table S1.
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26 months following the positive SARS-CoV-2 test. While many
studies on post-COVID-19 HRQoL focus on specific subgroups,
e.g. hospitalized patients or patients suffering from rheumatic
diseases, we aimed at addressing the general population [35–37].
Another strength is the use of an established tool for HRQoL
assessment allowing for comparison to past and future studies.
Finally, findings in former COVID-19 patients could be compared
to a reference group of consistently non-infected individuals living
under the same pandemic interventions such as lockdowns and
social distancing measures.

As to limitations, firstly, due to a highly dynamic epidemic
situation, many of the initially negatively tested individuals had
meanwhile been infected too. Therefore, the initial goal of a bal-
anced study population of former COVID-19 patients and non-
infected individuals was not met. Secondly, questionnaires were
available only in a limited number of languages, which might have
led to an exclusion bias of certain migrant groups. This is mirrored
in the fact that in our study population, individuals with migration
background were underrepresented as compared to Berlin refer-
ence values [15]. Participation was voluntary. Consequently, the
existence of a participation bias cannot be ruled out. Indicators for
such bias are the relatively low response rate, the number of
vaccinated individuals, and the imbalance of missing values
(Supplementary Table S1). Individuals suffering from symptoms
after acute COVID-19 might have been more motivated to partici-
pate in the present study, which would reduce its generalizability.
We investigated individuals with migration background as one
group, not considering countries of origin of individuals and/or
their parents specifically. The definition by the German Federal
Statistical Office could include a diverse group of individuals.
However, only a very small proportion of our cohort reported to
be citizens of countries from which migration to Germany due to
war, oppression, and other exposures presumably resulting in
higher rates of impaired HRQoL was common. Consequently, in
our case, we do not assume that this relevantly altered the results.
Because data collection among former COVID-19 patients and
non-infected individuals did not occur simultaneously, it is imagin-
able that seasonal influences on HRQoL slightly skewed the results,
e.g. lower rate of depression among individuals who participated in
summer as compared to winter. However, since on median, study

participation of non-infected individuals occurred only two
months later, we do not assume that a seasonal influence heavily
skewed our results. Participants had to survive to participate in our
study, excluding potential impact of COVID-19 on HRQoL among
those individuals who died. The PROMIS measures used to inves-
tigate current HRQoL almost exclusively refer to the last 7 days
[24]. Therefore, the assessment could be influenced, e.g. by current
illness or comorbidity. Finally, this is a descriptive study. Further
research with a suitable causal framework is needed to establish risk
factors of impaired HRQoL after COVID-19.

Conclusion

More than 5 years after the emergence of SARS-CoV-2, a stand-
ardized approach to screening andmanagement of HRQoL impair-
ments after COVID-19 has not been established. Our data suggest
that a considerable proportion of COVID-19 patients experience
HRQoL limitations after one and a half years, and for physical
function and cognitive function even longer. Beyond individual
suffering, the societal costs of these HRQoL limitations are
unknown, but – considering that COVID-19 affects practically
the entire population – presumably high. This underscores the
urgent need formore in-depth analysis of the true burden of disease
from post-COVID-19 HRQoL reductions and impairments, their
causes and clusters in specific populations, as well as, most import-
antly, the need to identify entry points to care and provide access
to them.
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Table 3. Factors associated with impaired HRQoL among former COVID-19 patients

Physical
function Anxiety Depression Fatigue

Social
abilities

Pain
interference

Cognitive
function

Age >40 years 1.9 (1.3–3.0) 1.0 (0.7–1.5) 1.0 (0.7–1.4) 1.0 (0.7–1.4) 1.5 (1.0–2.2) 2.1 (1.5–3.1) 1.3 (0.9–1.9)

Female sex 1.7 (1.1–2.6) 2.2 (1.5–3.2) 1.5 (1.0–2.1) 2.2 (1.5–3.1) 1.4 (0.9–2.0) 2.0 (1.4–3.0) 1.6 (1.1–2.2)

Education Higher non–academic 3.0 (1.7–5.2) 1.9 (1.1–3.1) 1.5 (0.9–2.4) 1.5 (0.9–2.5) 1.5 (0.9–2.5) 1.9 (1.1–3.2) 1.3 (0.8–2.1)

Lower 5.3 (2.9–9.6) 2.5 (1.4–4.4) 2.2 (1.2–3.8) 1.3 (0.7–2.3) 1.9 (1.0–3.4) 4.5 (2.6–8.1) 2.0 (1.1–3.4)

Income Above average 0.8 (0.4–1.5) 1.1 (0.7–1.8) 1.1 (0.7–1.7) 1.2 (0.8–2.0) 0.8 (0.5–1.4) 1.6 (0.9–2.8) 1.2 (0.7–1.9)

Below average 2.1 (1.2–3.7) 1.8 (1.1–3.0) 2.5 (1.6–4.2) 2.3 (1.4–3.7) 1.9 (1.1–3.1) 2.1 (1.2–3.7) 1.8 (1.1–2.9)

Migration background 1.2 (0.8–2.0) 1.9 (1.3–2.8) 2.2 (1.5–3.2) 1.0 (0.7–1.5) 1.6 (1.0–2.3) 1.4 (0.9–2.1) 1.4 (0.9–2.0)

COVID-19 hospitalization 4.2 (2.0–8.8) 2.3 (1.1–4.7) 2.6 (1.2–5.3) 1.2 (0.6–2.6) 3.8 (1.9–7.9) 3.0 (1.4–6.1) 4.7 (2.1–10.4)

Time interval i2 1.0 (0.6–1.6) 0.9 (0.6–1.4) 0.9 (0.6–1.4) 1.0 (0.7–1.5) 1.2 (0.8–1.9) 0.8 (0.5–1.3) 1.1 (0.7–1.7)

i3 0.8 (0.4–1.5) 0.9 (0.5–1.5) 0.7 (0.4–1.2) 0.5 (0.3–0.9) 1.2 (0.7–2.0) 0.8 (0.5–1.4) 1.1 (0.7–1.9)

Data are presented as odds ratio (95% confidence interval).
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