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Post-COVID-19 condition is not only a question of persistent
symptoms: structured screening including health-related quality
of life reveals two separate clusters of post-COVID
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Abstract

Purpose Some patients experience long-term sequelae after infection with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). However, despite a present post-COVID condition, defined as “any symptom lasting longer than 12 weeks,”
only a subset of patients search for medical help and therapy.

Method We invited all adults with a positive real-time polymerase chain reaction (RT-PCR) for SARS-CoV-2 between
March 2020 and September 2021 (n=4091) in the city of Jena to answer a standardized questionnaire including demographic
information, the course of the acute infection and current health status. K-means-clustering of quality of life (QoL) was used
to explore post-COVID subgroups.

Results A total of 909 participants at a median interval of 367 (IQR 291/403) days after acute infection were included in the
analysis. Of those, 643 (70.7%) complained of having experienced persistent symptoms at the time of the survey. Cluster
analysis based on QoL revealed two subgroups of people with persistent post-COVID symptoms. Whereas 189/643 partici-
pants (29.4%) showed markedly diminished QoL, normal QoL was detected in 454/643 individuals (70.6%).

Conclusion Despite persistent symptoms being reported by nearly three quarters of participants, only one-third of these
described a significant reduction in QoL (cluster 1), whereas the other two-thirds reported a near-normal QoL (cluster 2),
thus indicating a differentiation between “post-COVID disease” and “post-COVID condition”. The prevalence of clinically
relevant post-COVID disease was at least 20.7%. Health policies should focus on this subset.

Keywords Post-COVID-19 - Post-COVID condition - Prevalence - Differentiation - Cluster analysis - QoL

Introduction

Shortly after the first occurrence of severe acute respiratory
syndrome 2 (SARS-CoV-2), some patients were found not
only to experience acute symptoms, but also to develop long-
term sequelae lasting several months or more. If these symp-
toms persist more than 12 weeks, patients are considered to
have a “post-COVID-19 condition” [1]. Overall, more than
50 symptoms have been described as long-term sequelae of
SARS-CoV-2-infection, most frequently including chronic
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fatigue, headache, memory impairment and dyspnea [2].
These data, together with the current rate of infection, sug-
gest that post-COVID will become a major psychosocial and
economic challenge. A recent meta-analysis has reported
that 80% of all patients develop these long-term sequelae
[2]. In contrast, a British study of 4182 patients after SARS-
CoV-2-infection has reported symptoms longer than 28 days
in only 13.3% of patients and symptoms beyond 12 weeks
in only 2.3% of patients [3]. However, data investigating
the frequency of post-acute sequelae after SARS-CoV-2 are
subject to bias.

One important parameter for identifying patients with a
high burden of post-COVID-symptoms is patient-reported
quality of life (QoL). The effects of ongoing symptoms on
QoL differ depending which symptoms do persist as well
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as the severity and number of symptoms [4, 5]. Regarding
post-COVID-symptoms, the number of patients reporting
diminished QoL differs depending on the cohorts and the
time after infection; frequencies between 31 and 72% of
patients have been reported [6, 7] and partly associated with
the COVID-19 disease severity [4, 5].

Therefore, the aim of our study was to analyze the overall
burden and effects of post-COVID-symptoms on QoL in a
population-based cohort, and to identify phenotypes within
the large number of people with persistent symptoms (post-
COVID condition) that might benefit from tailored post-
COVID treatment.

Methods
Study design

All adults registered at the Jena County Public Health
Department with RT-PCR-confirmed SARS-CoV-2-infec-
tion between March 2020 and September 2021 were eligible
to participate in the study voluntarily and anonymously.

Personal letters with invitations, printed questionnaires
and a personal access key for online participation were sent
between January 14th and 27th, 2022. A total of 4209 adults
were invited to participate. Reminders to participate and
complete the survey were broadcast via local radio, news-
papers and television.

The study was approved by the institutional ethics com-
mittee of the Friedrich-Schiller-University-Jena (2021-2454-
Bef) and conducted according to the Declaration of Helsinki.

Measurement tools

In addition to information on sociodemographic status (age,
sex, body mass index and previous illnesses), we asked par-
ticipants about the course of acute SARS-CoV-2-infection,
including the modified WHO 8-point-ordinal-scale [8] and
SARS-CoV-2 vaccination-status before infection and at the
time of the survey. Similarly, our survey collected detailed
data on post-infectious symptoms and current satisfaction
with health.

With the survey instruments commonly used in our post-
COVID outpatient clinic at Jena-University-Hospital [9, 10],
we used globally established and validated questionnaires
including the Short-Form-36 Health-Survey (SF-36V2),
Fatigue-Assessment-Scale (FAS [11]) and Patient-Health-
Questionnaire-9 (PHQ-9 [12]). All questionnaires and tests
were delivered to participants in German language only and
were interpreted according to the current manuals.
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Neuropsychiatric assessment

Participants were considered to have fatigue or severe fatigue
if they had >22 points or > 35 points on the FAS question-
naire [11], respectively. Depression was defined as absent
if patients scored <4 points on the PHQ-9, mild if patients
scored 5-9 points, moderate if patients scored 10—14 points,
and severe if patients scored > 15 points [12].

Quality of life

The SF-36 assesses physical and mental QoL by evaluat-
ing health status in eight dimensions: physical functioning,
role-physical, bodily pain, general health, vitality, social
functioning, role-emotional, mental health. Summarizing
the QoL, physical and mental component sum scores were
determined according to the official assessment tool [13].
To assess the QoL., we compared the results with those in
the general population and already diagnosed post-COVID
patients. The control data for the representative compari-
son with the German normal population were taken from
the German-Health-Survey-and-Examination-for-Adults
(DEGS1, n=28152) [14], including adults 18-79 years of
age.

Patients who presented to the post-COVID outpatient
clinic of Jena University Hospital (as already described in
detail [9]) from March 2021 onward with diagnosed post-
COVID, fully answered the SF-36V2 and were living out-
side Jena were included (n=431, partly already published
[15]), whereas patients residing in Jena were excluded to
avoid duplication between the study and positive control

group.

Statistics

For descriptive analysis, we summarized participant charac-
teristics as absolute and relative frequencies for categorical
variables, and as medians with first and third quartiles for
numeric variables.

For analysis of differences between groups, Pearson's
chi-square-test and Fisher's exact-test were used for cat-
egorical variables, whereas the Mann—Whitney-U-test and
Kruskal-Wallis-test were used for numeric variables. A sig-
nificance level of @ <0.05 (two-sided) was used. For com-
parisons of more than two groups, we adjusted the results
with Bonferroni—-Holm post hoc-test.

To identify the clinically important differences between
two groups in SF-36V2 dimension and sum-scales, we used
Mann—Whitney-U-test and effect size r. A significant dif-
ference was assumed only if a significant difference was
observed with at least an intermediate effect size r>0.3.
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Non-hypothesis-driven k-means clustering accounted
for numerical data of all dimensions, and the sum scores
of SF-36V2 were used to study the underlying clinical pat-
terns of post-COVID. To identify the best possible number
of clusters, the within-cluster sum of squared error was plot-
ted between 1 and 10 clusters (Supplementary Fig. 1). With
the elbow-method, two clusters were selected.

Univariable and multivariable logistic regression mod-
els were used to identify and evaluate possible predictors
of post-COVID disease. The multivariable models were
adjusted for sex and age accordingly. We report (adjusted)
odds ratios (ORs) with 95% confidence interval (CIs) and
two-sided p values. All analyses were performed in IBM
SPSS version 26 and GraphPad Prism6.

Results
Study population

We invited 4209 individuals to answer the questionnaire.
A total of 118 participants were knowingly unable to par-
ticipate in the study (93 people died between infection and
sending of the questionnaire, 22 questionnaires could not be
delivered because of incorrect postal addresses, and three
people were unable to participate because of existing mental
illnesses). In total, 1009 (24.0%) people answered the ques-
tionnaire. We excluded 99 people from our analyses because
of incomplete SF-36 responses. The final study population

included 909 of 4091 (22.2%) participants a median of 367
(IQR 291/403) days after SARS-CoV-2-infection (Fig. 1).

The median age of the study population was 47 (IQR
33/59) years; 530 (59.3%) were women, and the acute
infection occurred more than nine months prior in 822 par-
ticipants (90.7%). Inpatient treatment was necessary in 33
individuals (3.7%). A total of 101 people (10.3%) had been
vaccinated at least once before SARS-CoV-2-infection. In
contrast, 770 (88.2%) of all participants and 704 (89.7%)
of all non-vaccinated individuals reported a vaccination in
the interval after infection (Table 1).

Prevalence of persistent symptoms (post-COVID
condition) after SARS-CoV-2-infection

A total of 643 (70.7%) of the 909 participants reported
having persistent symptoms at the time of the interview.
Of those, 110 participants (17.1%) reported one symp-
tom, and 533 (82.9%) reported two or more symptoms
(Supplementary Fig. 2). Depending on the time interval
between acute infection and answering the questionnaire,
the proportion of participants with persistent symptoms
ranged between 61.7 and 74.2% (Supplementary Fig. 3).
The absolute number of individuals in each 3-month
period varied from 37 to 450 participants; however, this
large range corresponds to the number of overall infec-
tions in the related period (Supplementary Fig. 4). Fatigue
[364/876 (41.6%)], sleep disturbance [357/879 (40.6%)],

Questionnaires sent to adults (over 18 years of age) with
positive SARS-CoV2 PCR between 03/2020-09/2021
n=4209

Participants excluded due to
*  Died in conjunction with SARS CoV?2 infection
(n=83)

Died in conjunction with other reasons (n=10)
participant moved (n=22)

Possible participants
n=4091

Not able to participate (n=3)

!

Questionaires returned to study center
n=1076

Participants excluded due to

double participation (n=15)

inconsistent double participation (n=2)
online participation not closed (n=51)

Participants enrolled for the study
n=909

Incomplete SF-36 data set (n=99)

Participants without persistent symptoms
n=266

Participants with persistent symptoms

n=

643

Participants enrolled for cluster analysis

n=

643

Fig. 1 Participant flow of the survey
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Table 1 Absolute (n) and relative frequencies (%), or medians together with first and third quartiles (Q1, Q3) from the total cohort, and post-
COVID disease and condition cluster are provided

Characteristics Number of
participants with

Total cohort
(n=909)

Number of Post-COVID
participants with ~ disease cluster 1

participants with

Post-COVID p value
condition cluster

missing informa- missing informa- (n=189) missing informa- 2 (n=454)
tion tion
Digital participa- 357 (39.3%) 69 (36.5%) 151 (33.3%) 0.429
tion n (%)
Female sex; n 15 530 (59.3%) 2 132 (70.6%) 272 (60.2%) 0.013
(%)
Age, in years; 12 47 (33/59) 18-95 2 53 (41/62) 18-95 48 (35/60) 18-91  0.029
median (Q1/
Q3), minimum—
maximum
18-40 313 (34.9%) 38 (20.3%) 154 (34%)
40-65 475 (53%) 118 (63.1%) 237 (52.3%)
> 65 109 (12.2%) 31 (16.6%) 62 (13.7%)
Body mass index 19 24.7 (22.1/28.5) 4 27.3 (23.4/30.3) 24.5(22.1/28.1)  <0.001
(BMI) median 16.7-57.8 16.7-57.4 17-46.1
(Q1/Q3), mini-
mum-maxi-
mum
Underweight 20 (2.2%) 3 (1.6%) 8 (1.8%)
Normal weight 448 (50.3%) 67 (36.2%) 237 (52.5%)
Pre-obesity 264 (29.7%) 64 (34.6%) 127 (28.2%)
Obesity grade 1 126 (14.2%) 37 20%) 67 (14.9%)
Obesity grade 2 22 (2.5%) 8 (4.3%) 10 (2.2%)
Obesity grade 3 10 (1.1%) 6 (3.2%) 2 (0.4%)
Out-patient only; 8 868 (96.3%) 1 181 (96.3%) 430 (94.7%)
n (%)
In-patient; n (%) 8 33 (3.7%) 1 7 (3.7%) 24 (5.3%)
Needing oxygen 8 17 (1.9%) 1 2 (1.1%) 14 3.1%)
support; n (%)
ICU stay; n (%) 8 9 (1.0%) 1 1(0.5%) 8 (1.8%)
invasive ventila- 8 3(0.3%) 1 0 (0%) 3(0.7%)
tion; n (%)
WHO grade 8 1 <0.001
1;n (%) 246 (27.3%) 20 (10.6%) 116 (25.6%)
2;n (%) 622 (69%) 161 (85.6%) 314 (69.2%)
3;n (%) 16 (1.8%) 52.7%) 10 (2.2%)
4;n (%) 8 (0.9%) 1(0.5%) 6 (1.3%)
5;n (%) 6 (0.7%) 1(0.5%) 51.1%)
6;n (%) 3(0.3%) 0 (0%) 3(0.7%)
7, n (%) 0 (0%) 0 (0%)
Vaccination 18 5 0.715
status
No 802 (90.0%) 165 (89.7%) 408 (90.5%)
Incomplete 44 (4.9%) 8 (4.3%) 25 (5.5%)
Complete (min. 45 (5.1%) 11 (6.0%) 18 (4.0%)
2)
Vaccination after 36 770 (88.2%) 10 153 (85.5%) 405 (91.4%) 0.027
infection
Time after infec- 3 1 0.697
tion
>3 months 47 (5.2%) 10 (5.3%) 19 (4.2%)
> 6 months 37 (4.1%) 9 (4.8%) 16 (3.5%)
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Table 1 (continued)

Characteristics Number of Total cohort Number of Post-COVID Number of Post-COVID p value
participants with  (n=909) participants with  disease cluster 1 participants with  condition cluster
missing informa- missing informa- (n=189) missing informa- 2 (n=454)
tion tion tion
>9 months 229 (25.3%) 44 (23.4%) 126 (27.8%)
> 12 months 450 (49.7%) 93 (49.5%) 224 (49.4%)
> 15 months 93 (10.3%) 23 (12.2%) 43 (9.5%)
> 18 months 50 (5.5%) 9 (4.8%) 25 (5.5%)
Days after 39 367 (291/403) 9 368 20 359.59 0.566
positive testing (290.25/404.75) (292.75/404)
median (Q1/
Q3)
No preexisting 11 469 (52.2%) 1 66 (35.1%) 1 235 (51.9%) <0.001
conditions
Obesity 158 (17.4%) 51 (27.0%) 79 (17.4%) 0.006
Hypertension 11 213 (23.7%) 1 65 (34.6%) 1 109 (24.1%) 0.006
Diabetes mellitus 11 45 (5.0%) 1 23 (12.2%) 1 13 (2.9%) <0.001
Dialysis 11 2 (0.2%) 1 1 (0.5%) 1 0 (0%)
Kidney disease 11 14 (1.6%) 1 4 (2.1%) 1 8 (1.8%) 0.759
Liver disease 11 32 (3.6%) 1 14 (7.4%) 1 12 (2.6%) 0.005
Lung disease 11 94 (10.5%) 1 39 (20.7%) 1 43 (9.5%) <0.001
Cancer 11 30(3.3) 1 13 (6.9%) 1 12 (2.6%) 0.011
Psychologic 11 14 (1.6%) 1 6 (3.2%) 1 5(1.1%) 0.006
disorder
Active smoking 19 124 (13.9%) 33 (17.7%) 53 (11.8%) 0.05
Active and for- 19 207 (23.2%) 55 (29.5%) 94 (20.9%) 0.02
mer smoking
Medication 14 404 (45.1%) 2 128 (68.4%) 2 202 (44.5%) <0.001
Polypharmacy 14 42 (4.7%) 2 25 (13.4%) 2 15 (3.3%) <0.001

Relative frequencies are associated with participants who provided information on the specific characteristics

pain [317/849 (37.3%)], memory impairment [243/872
(27.9%)], and respiratory problems [230/867 (26.5%)]
were most frequently reported (Supplementary Fig. 5).

Quality of life after survival
from SARS-CoV-2-infection

The physical and mental component sum scores [51.0 (SD
9.0) in total cohort vs. 50.8 (SD 9.3] in DEGS1 (p=0.82)
and 47.95 (SD 10.4) in total cohort vs. 49.9 (SD 9.79) in
DEGSI1 (p <0.001, »r=0.06)) indicated that the QoL of the
analyzed total cohort was largely consistent with those in
the German normal population (Fig. 2A). Closer analy-
sis revealed that only the dimensions of bodily pain [81.1
(SD 25.3) vs. 73.7 (SD 26.5), p <0.001, r=0.08] and role
emotional [76.8 (SD 34.7) vs. 86.4 (SD 21.0), p<0.001,
r=0.03] showed differences above five points.

To analyze the burden of post-COVID, we divided the
study population into participants with [643/909 (70.7%),
previously defined as post-COVID condition] and without
[266/909 (29.3%)] persistent complaints. A significant and

relevant decrease in QoL in all dimensions and sum-scores
(» <0.001, minimum r=0.31) except the social function-
ing dimension (p <0.001, r=0.27) was observed. Each
of the post-COVID-associated symptoms had a different
effect on the dimensions of QoL (Supplementary Table 1).

To further assess the effects of post-COVID on QoL,
we compared the participants with persistent symptoms
to a cohort of 431 already diagnosed post-COVID patients
presenting to our post-COVID outpatient clinic. However,
the groups markedly and clinically significantly differed
in most dimensions and sum scores [p <0.001, minimum
r=0.4, except role emotional (p <0.001, »=0.25), mental
health (p <0.001, »=0.24) and mental component sum score
(p<0.001, r=0.22)] (Fig. 2B).

Given the large differences, a more specific cluster analy-
sis was performed. According to the individual components
of the SF-36, two clusters were identified (Fig. 2C; Supple-
mentary Figs. 1 and 6).
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Physical Functioning
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Mental component score Role Physical

Physical component score Bodily Pain

Mental Health General Health

Role Emotional
Social Functioning
= german normal population (DEGS1) (n = 7524) ——total study cohort (n =993)
B Physical Functioning
100

Mental component score Role Physical

Physical component score Bodily Pain

Mental Health General Health

Role Emotional

Social Functioning

= german normal population (DEGS1) (n = 7524) mmpost-COVID outpatient clinic (n = 431)

—study cohort - no persistent symptoms (n = 266) ——study cohort - persistent symptoms (n = 643)

C Physical Functioning
100

Mental component score Role Physical

Physical component score Bodily Pain

Mental Health General Health

Role Emotional

Social Functioning

= german normal population (DEGS1) (n = 7524) mpost-COVID outpatient clinic (n = 431)
~—cluster 2 - post-COVID condition (n = 454) ——cluster 1 - post-COVID disease (n = 189)
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«Fig.2 Results of SF-36 itemized by dimensions and component sum-
mary scores. A Comparison of the total study group to the German
normal data from Study on the Health of Adults in Germany—Wave 1
(DEGS1; n=7524). B Analysis of the cohort according to persistent
symptoms. Both resulting groups are compared with German normal
population (DEGS1; n=7524) and patients with diagnosed post-
COVID from our specialized outpatient clinic (n=431). C Clustering
of the group with persistent symptoms according to the SF-36 scores.
This clustering indicated two groups: one with significantly dimin-
ished QoL (post-COVID disease; n=189) and a second with near-
normal QoL (post-COVID condition; n=454)

Characteristics of the identified post-COVID clusters

Among the 643 post-COVID participants, 189 (29.4%)
were classified in cluster 1, and 454 (70.6%) were assigned
in cluster 2. Cluster 1 was characterized by a significantly
diminished self-reported and measured QoL and greater dis-
satisfaction with their own health, and therefore was denoted
as the post-COVID disease cohort (Fig. 2C; Supplementary
Fig. 7).

People within the post-COVID disease cohort were older
[median (Q1/Q3) of 53 (41/62) vs. 48 (35/60), p=0.029],
significantly more likely to be women (70.6% vs. 60.2%,
p=0.013) and more likely to have a comorbidity (64.9% vs.
42.1%, p<0.001; Table 1).

Comparing these cohorts with the already diagnosed
post-COVID patients from the outpatient clinic of Jena-
University-Hospital, we observed substantial similarities to
cluster 1 (maximum r=0.22) and relevant differences with
respect to cluster 2 (minimum »=0.41; Fig. 2C). Although
significant differences were also found in comparison to
cluster 1, given the group sizes, the effect sizes were all
small.

More than half the individuals in post-COVID disease
cohort reported experiencing fatigue [82.4% (154/187),
vs. 47.3% (210/444) in cluster 2, p <0.001], sleep distur-
bances [71.8% (135/188), vs. 49.9% (222/445) in clus-
ter 2, p<0.001], pain [71.8%, vs. 43.4% in cluster 2,
p<0.001], memory impairments [62.6% (117/187), vs.
28.6% (126/441) in cluster 2, p <0.001], respiratory prob-
lems [59.4% 6(111/187), vs. 27.1% (119/439), p <0.001]
and reduced mobility [54.1% (99/183), vs. 25.2% (111/441)
in cluster 2, p <0.001; Fig. 4]. In addition, the number of
persistent symptoms differed between the identified clus-
ters [median (Q1/Q3) of 6 (4/8), vs. 3 (2/4.25) in cluster 2,
p<0.001; Fig. 3; Table 1].

However, even with acute infection, participants with
post-COVID disease experienced more symptoms on aver-
age [median (Q1/Q3) of 6 (4/7) vs. 4 (3/6) in cluster 2,
p<0.001; Fig. 3; Supplementary Fig. 8].

Prevalence of depression and fatigue
among SARS-CoV-2-survivors

Screening for psychiatric complaints with a structured
questionnaire-based assessment in the total cohort revealed
evidence of fatigue in 368 individuals (42.5% of 867 who
completed the FAS questionnaire) and signs of depression
in 450 individuals (49.5% of all participants; Fig. 4A). In
subgroup analysis of all people with persistent symptoms,
the number of participants with fatigue [54.9% (337/614
participants) vs. 12.3% (31/253 participants), p <0.001]
and depression [66.8% (404/643 participants) vs. 17.3%
(46/266 participants), p < 0.001] increased (Fig. 4B).

Analysis of the identified post-COVID-clusters revealed
a significantly higher proportion of affected individuals
with fatigue [95.5% (170/178 participants) vs. 38.3%
(167/436 participants) in cluster 2, p <0.001] and depres-
sion [93.1% (176/189 participants) vs. 50.2% (228/454
participants) in cluster 2, p <0.001] in cluster 1 (Fig. 4C).

Furthermore, a markedly greater co-occurrence of
fatigue and depression was observed in cluster 1 than clus-
ter 2 [169/178 participants (91.4%) in vs. 138/454 (30.9%)
in cluster 2; Supplementary Fig. 9].

Predictors for the development of post-COVID
disease

An unadjusted analysis predicted differences in age and
sex: older and female participants had a higher risk of
being in the post-COVID disease suspected group. Age-
and sex-stratified multivariate binary- regression identified
several pre-existing diseases as predictors of post-COVID-
disease, including diabetes mellitus [OR 3.93 (95% CI
2.044,7.556)), p <0.001], chronic liver and lung diseases
[OR 2.986 (95% CI 1.422, 6.271), p=0.004, OR 2.951
(95% CI11.868, 4.661), p <0.001], obesity [OR 1.956 (95%
CI 1.319, 2.899), p <0.001] and arterial hypertension [OR
1.727 (95% CI 1.148, 2.598), p=0.009]. Furthermore,
development of a post-COVID-disease was more likely
in participants with polypharmacy [OR 5.036 (95% CI
2.506, 10.121), p <0.001]. Initially more severe infection
[OR 1.539 (1.198, 1.976), p <0.001] was also associated
with post-COVID-disease, and the occurrence of certain
symptoms in the acute infection phase as well as the post-
infectious phase were independent risk factors (Supple-
mentary Tables 2, 3). In contrast, the absence of previous
illnesses could be characterized as protective [OR 0.464
(95% CI1 0.322, 0.669), p <0.001].

However, inpatient treatment [OR 1.012 (95% CI
0.423, 2.421), p=0.978], the time interval between the
acute infection and the survey [OR 0.999 (95% CI 0.855,
1.168), p=0.993], and the need for oxygen supply [OR
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acute symptoms

cluster 2
post-COVID condition

cluster 1
post-COVID disease

asymptomatic
Fatigue**

Pain in the limbs**
Cough

Shortness of breath***
loss of smell and taste
Dizziness***

Sore throat

Fever

Nausea***

Diarrhoea***

Vomiting®

T T 1
100 50 0 50 100
relative frequency [ %]

Fig.3 Frequency of acute (A) and persistent (B) post-COVID-associ-
ated symptoms according to cluster classification. The proportions of
patients with each symptom are shown (A: 188 participants in cluster
1 and 453 participants in cluster 2, B: fatigue (187/444), sleep dis-
turbance (188/445), pain (181/431), memory impairment (187/441),

0.291 (95% CI10.017, 4.909), p=0.392] or ICU treatment
[OR 0.138 (95% C10.003, 5.951), p =0.302] had no signif-
icant influence on the development of post-COVID-disease
(Supplementary Table 4).

Discussion

The medical and societal challenge of the COVID-19-pan-
demic is omnipresent, with persistent symptoms that con-
tinue to plague some COVID-19-survivors for months.
Given the high incidence of infections worldwide, affecting
half a billion people, we anticipate a medical and societal
threat from post-COVID by extended absences due to illness
and a potentially globally reduced workforce even after the
pandemic is contained. In the group of participants with a
defined post-COVID condition, only one-third reported sig-
nificantly diminished QoL (cluster 1), whereas the remain-
der reported near-normal QoL (cluster 2), thus indicating
the need for further differentiation of patients into a QoL-
reducing post-COVID disease and a post-COVID condition
with preserved QoL.

Our closed population-based survey of all 4209 infected
adult residents in the city of Jena (approximately 111,000
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Memory impairment™**

Respiratory problems***

Muscular problems***

Intestinal dysfunction***

Impaired sense of taste

persistent symptoms

cluster 2
post-COVID condition

cluster 1
post-COVID disease
Fatigue®**
Sleep disturbance™**

Pain***

Reduced mobility***

Dizziness***

Tinnitus***
Smell impairment

Hair loss*

Vascular occlusion**

I T T
100 50 0 50 100
relative frequency [%]

respiratory problems (187/439), reduced mobility (183/441), dizzi-
ness (181/434), muscular problems (180/433), intestinal dysfunc-
tion (182/441), tinnitus (180/435), smell impairment (182/439), hair
loss (181/442), impaired sense of taste (180/440), vascular occlusion
(174/437); *p <0.05; **p <0.01; **¥*p <0.001)

inhabitants) is one of the largest surveys of an unselected
population on the topic of post-COVID worldwide, with
909 participants and an evaluable response rate of 21.6%
[16, 17].

Overall, the data from our study show that approximately
70.7% of people continually experience at least one symp-
tom after SARS-CoV-2-infection. In agreement with previ-
ously published work on post-COVID, SARS-CoV-2-survi-
vors complained primarily of fatigue, sleep disturbance, pain
and memory impairment [18, 19].

A question remaining to be clarified is whether the chron-
ically symptomatic individuals actually show a substantial
decrease in their QoL and thus potentially seek access to the
health care system more often.

We demonstrated that the QoL in the entire cohort dif-
fered only marginally from the normal population, thus
indicating that a substantial proportion of SARS-CoV-2-in-
fections heal without long-term sequelae, in agreement with
the results of several other studies [3, 18-20]. We observed
only a slight decrease in the role emotional dimension in
the participants, possibly as a result of the general measures
in managing the COVID-19 pandemic [21]. This finding is
in line with the results of several other studies reporting a
decline in QoL among COVID-19-survivors, depending on
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sociodemographic factors and belief in the negative effects
of recent SARS-CoV-2-infection [22], which has also been
observed in family members of ICU COVID-19-survivors
[23].

Despite the good overall QoL in our study, through clus-
ter analysis, we identified significantly different subgroups
among the participants with persistent symptoms. Although
most participants with persistent symptoms reported near-
normal QoL, one-third of participants had poor self-reported
QoL. Interestingly, in all dimensions of the SF-36, this clus-
ter had high similarity to our patients from the Jena-Univer-
sity-Hospital post-COVID outpatient clinic, thus highlight-
ing that this group is more likely to seek medical help [9, 15,
24]. This result suggests that the combination of persistent
symptoms and poor self-reported health condition may iden-
tify patients with significant, clinically relevant problems
requiring further treatment.

We found a significantly higher number of comorbidities
in the identified post-COVID-disease cohort (cluster 1) than
the post-COVID condition cluster 2, in agreement with other
previously published studies [3, 25]. Equivalently, polyp-
harmacy (defined as a minimum of five daily medications)
was also identified as a crucial risk factor. The identification
of comorbidities is of special interest, because the current
concepts define post-COVID as “persistent symptoms that
cannot be explained by other conditions” [26]. As described
by other groups, owing to the increased risk, pre-diseased
patients must be closely monitored for early detection of
post-COVID-disease [25].

Another identified risk factor was the initial severity of
the infection. This finding is consistent with those from
several other studies [20, 27], whereas other studies have
not reported this association [9]. A Delphi consensus of
WHO-network has described the constellation of symp-
toms that occur months after a SARS-CoV-2-infection
as a “post-COVID-19 condition” [1]. In general, disease
is defined as a disturbance of normal physical or mental
functions that reaches a degree with a perceived nega-
tive effect on the performance and well-being of a living
being, either subjectively or objectively. Given the some-
times-substantial impairments of post-COVID patients, the
term "disease" should be considered for the description of
post-COVID condition.

Strengths and limitations

The present study is one of the largest population-based
cross-sectional surveys associated with post-COVID. It pre-
vents preselection of specific criteria such as constellations
of symptoms and initial disease severity, thus clearly distin-
guishing this study from previous research work [9, 18, 28].

A major limitation is the lack of a control group. How-
ever, the QoL of the total cohort corresponds to the normal

@ Springer

German population [14]; therefore, both the already pub-
lished normal population and the participants without per-
sistent complaints served as a separate control group.

Nevertheless, the ability to evaluate the symptoms regard-
ing SARS-CoV-2-specificity was limited in this study. All
data were based on self-reporting by the patients and there-
fore might have been biased: affected people were asked
to remember their symptoms retrospectively, and affected
patients might have been more likely to participate in the
study. Additionally, questionnaires were only assessed in
German language and sent via postal services which could
lead to reduced participation. Given that more than three-
quarters of people (78.4%, n=3300) infected with SARS-
CoV-2 did not respond to the questionnaire, and assuming
conservatively that those people were symptom-free, the
proportion of clinically relevant patients with post-COVID-
disease was reduced to a maximum of 4.5% (189 of 4209
individuals tested positive for SARS-CoV-2). This finding is
in line with analyses by the German health insurance com-
panies, in which medical care has been reported to be used
in 6% of SARS-CoV-2-survivors [29]. Finally, we included
patients infected before October 2021 to allow all patients
a complete 12-week-period after the infection; therefore,
we cannot draw conclusions regarding the effects of certain
viral variants being more likely to cause more (delta) or less
(omicron) severe courses in the acute phase.

Conclusion

In summary, nearly three-quarters of SARS-CoV-2-survi-
vors experienced persistent symptoms, whereas only one-
third had significantly diminished QoL, thus highlighting
QoL as an additional main criterion for the assessment of
post-COVID condition.

Furthermore, our study detected a prevalence of 20.8%
of relevant post-COVID disease among SARS-CoV-2-sur-
vivors, a proportion higher than the prevalence of persistent
symptoms after other viral infections [30].

Therefore, the combination of persistent symptoms and
diminished QoL should be defined as “post-COVID disease”
to specify the group of patients who should be focused on in
intervention trials and health policies.
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Acknowledgements We thank Kristian Philler, Dr. Thomas Nitzsche
(mayor) and the City of Jena for excellent organization of printing and
mailing of the questionnaire.

Authors’ contribution BG conceived the original idea for the study.
NS, AR, KK, SQ and ST collected the data. BG and PAR developed


https://doi.org/10.1007/s15010-022-01886-9

Post-COVID-19 condition is not only a question of persistent symptoms: structured screening... 375

the questionnaire, performed data analysis and wrote the manuscript.
AS, BS, CL, CP, PD, JB, KF, KL-P, MWP and MW provided important
intellectual input. All authors read and approved the final version of
the manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. This study was funded by the City of Jena and the Interdisci-
plinary Centre for Clinical Research (IZKF) Jena (IZKF-CSPOA19).
The post-COVID Center was supported by the Thiiringer Aufbaubank
(2021FGI0060). The funders had no influence on study design, data
collection, data analysis, data interpretation or report writing.

Declarations

Conflict of interest All authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Soriano JB, Murthy S, Marshall JC, Relan P, Diaz JV, WHO Clini-
cal Case Definition Working Group on Post-COVID-19 Condi-
tion. A clinical case definition of post-COVID-19 condition by a
Delphi consensus. Lancet Infect Dis 2022;22:e102-7. https://doi.
org/10.1016/S1473-3099(21)00703-9.

2. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, Sepulveda R,
Rebolledo P, Cuapio A, et al. More than 50 long-term effects of
COVID-19: a systematic review and meta-analysis. In Review;
2021. https://doi.org/10.21203/rs.3.rs-266574/v1.

3. Sudre CH, Murray B, Varsavsky T, Graham MS, Penfold RS, Bow-
yer RC, et al. Attributes and predictors of long COVID. Nat Med.
2021;27:626-31. https://doi.org/10.1038/s41591-021-01292-y.

4. Tabacof L, Tosto-Mancuso J, Wood J, Cortes M, Kontorovich
A, McCarthy D, et al. Post-acute COVID-19 syndrome nega-
tively impacts physical function, cognitive function, health-
related quality of life, and participation. Am J Phys Med Reha-
bil. 2022;101:48-52. https://doi.org/10.1097/PHM.0000000000
001910.

5. McFann K, Baxter BA, LaVergne SM, Stromberg S, Berry K,
Tipton M, et al. Quality of Life (QoL) is reduced in those with
severe COVID-19 disease, post-acute sequelae of COVID-19, and
hospitalization in United States adults from Northern Colorado.
Int J Environ Res Public Health. 2021;18:11048. https://doi.org/
10.3390/ijerph182111048.

6. Rass V, Ianosi B-A, Zamarian L, Beer R, Sahanic S, Lindner
A, et al. Factors associated with impaired quality of life three
months after being diagnosed with COVID-19. Qual Life Res.
2021. https://doi.org/10.1007/311136-021-02998-9.

7.

11.

12.

13.

14.

15.

16.

17.

18.

19.

van den Borst B, Peters JB, Brink M, Schoon Y, Bleeker-Rov-
ers CP, Schers H, et al. Comprehensive health assessment three
months after recovery from acute COVID-19. Clin Infect Dis Off
Publ Infect Dis Soc Am. 2020. https://doi.org/10.1093/cid/ciaal
750.

WHO Working Group on the Clinical Characterisation and
Management of COVID-19 infection. A minimal common out-
come measure set for COVID-19 clinical research. Lancet Infect
Dis 2020;20:e192-7. https://doi.org/10.1016/S1473-3099(20)
30483-7.

Stallmach A, Kesselmeier M, Bauer M, Gramlich J, Finke K, Fis-
cher A, et al. Comparison of fatigue, cognitive dysfunction and
psychological disorders in post-COVID patients and patients after
sepsis: is there a specific constellation? Infection. 2022. https://
doi.org/10.1007/s15010-021-01733-3.

. Lemhofer C, Gutenbrunner C, Schiller J, Loudovici-Krug D, Best

N, Bokel A, et al. Assessment of rehabilitation needs in patients
after COVID-19: development of the COVID-19-rehabilitation
needs survey. J Rehabil Med 2021;53:jrm00183. https://doi.org/
10.2340/16501977-2818.

De Vries J, Michielsen H, Van Heck GL, Drent M. Measuring
fatigue in sarcoidosis: the Fatigue Assessment Scale (FAS). Br
J Health Psychol. 2004;9:279-91. https://doi.org/10.1348/13591
07041557048.

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity
of a brief depression severity measure. J Gen Intern Med.
2001;16:606-13. https://doi.org/10.1046/j.1525-1497.2001.
016009606.x.

Ware JE jr, Snow KK, Kosinski M, Gandek B, New England
Medical Center, The Health Institute. SF-36 Health Survey:
Manual and interpretation guide. Boston, MA: The Health
Institute, New England Medical Center; 1997.

Ellert U, Kurth BM. Gesundheitsbezogene Lebensqualitit
bei Erwachsenen in Deutschland: Ergebnisse der Studie zur
Gesundheit Erwachsener in Deutschland (DEGS1). Bun-
desgesundheitsblatt Gesundheitsforschung Gesundheitsschutz.
2013;56:643-9. https://doi.org/10.1007/s00103-013-1700-y.
Lemhofer C, Sturm C, Loudovicki-Krug D, Gutenbrunner C,
Biilow M, Reuken P, et al. Quality of life and ability to work of
patients with Post-COVID syndrome in relation to the number
of existing symptoms and the duration since infection up to 12
months: a cross-sectional study (under Review). Qual Life Res
Rev 2022.

Menges D, Ballouz T, Anagnostopoulos A, Aschmann HE,
Domenghino A, Fehr JS, et al. Burden of post-COVID-19
syndrome and implications for healthcare service planning: a
population-based cohort study. PLoS ONE. 2021;16: ¢0254523.
https://doi.org/10.1371/journal.pone.0254523.
Domenech-Montoliu S, Puig-Barbera J, Pac-Sa MR, Vidal-
Utrillas P, Latorre-Poveda M, Del Rio-Gonzélez A, et al. Com-
plications post-COVID-19 and risk factors among patients after
six months of a SARS-CoV-2 infection: a population-based pro-
spective cohort study. Epidemiologia. 2022;3:49-67. https://doi.
org/10.3390/epidemiologia3010006.

Augustin M, Schommers P, Stecher M, Dewald F, Gieselmann
L, Gruell H, et al. Post-COVID syndrome in non-hospitalised
patients with COVID-19: a longitudinal prospective cohort
study. Lancet Reg Health Eur. 2021;6: 100122. https://doi.org/
10.1016/j.1anepe.2021.100122.

Lackermair K, Wilhelm K, William F, Grzanna N, Lehmann
E, Sams L, et al. The prevalence of persistent symptoms after
COVID-19 disease. Dtsch Arztebl Int. 2022. https://doi.org/10.
3238/arztebl.m2022.0125.

Petersen EL, GoBling A, Adam G, Aepfelbacher M, Behrendt
C-A, Cavus E, et al. Multi-organ assessment in mainly non-
hospitalized individuals after SARS-CoV-2 infection: the

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S1473-3099(21)00703-9
https://doi.org/10.1016/S1473-3099(21)00703-9
https://doi.org/10.21203/rs.3.rs-266574/v1
https://doi.org/10.1038/s41591-021-01292-y
https://doi.org/10.1097/PHM.0000000000001910
https://doi.org/10.1097/PHM.0000000000001910
https://doi.org/10.3390/ijerph182111048
https://doi.org/10.3390/ijerph182111048
https://doi.org/10.1007/s11136-021-02998-9
https://doi.org/10.1093/cid/ciaa1750
https://doi.org/10.1093/cid/ciaa1750
https://doi.org/10.1016/S1473-3099(20)30483-7
https://doi.org/10.1016/S1473-3099(20)30483-7
https://doi.org/10.1007/s15010-021-01733-3
https://doi.org/10.1007/s15010-021-01733-3
https://doi.org/10.2340/16501977-2818
https://doi.org/10.2340/16501977-2818
https://doi.org/10.1348/1359107041557048
https://doi.org/10.1348/1359107041557048
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1007/s00103-013-1700-y
https://doi.org/10.1371/journal.pone.0254523
https://doi.org/10.3390/epidemiologia3010006
https://doi.org/10.3390/epidemiologia3010006
https://doi.org/10.1016/j.lanepe.2021.100122
https://doi.org/10.1016/j.lanepe.2021.100122
https://doi.org/10.3238/arztebl.m2022.0125
https://doi.org/10.3238/arztebl.m2022.0125

376

B. Giszas et al.

Hamburg City Health Study COVID programme. Eur Heart J
2022:ehab914. https://doi.org/10.1093/eurheartj/ehab914.

21. Marzo RR, Khanal P, Ahmad A, Rathore FA, Chauhan S, Singh
A, et al. Quality of life of the elderly during the COVID-19
pandemic in asian countries: a cross-sectional study across six
countries. Life Basel Switz. 2022;12:365. https://doi.org/10.
3390/1ite12030365.

22. Algamdi MM. Assessment of post-COVID-19 quality of
life using the quality of life index. Patient Prefer Adherence.
2021;15:2587-96. https://doi.org/10.2147/PPA.S340868.

23. Heesakkers H, van der Hoeven JG, Corsten S, Janssen I, Ewalds
E, Burgers-Bonthuis D, et al. Mental health symptoms in fam-
ily members of COVID-19 ICU survivors 3 and 12 months
after ICU admission: a multicentre prospective cohort study.
Intensive Care Med. 2022;48:322-31. https://doi.org/10.1007/
s00134-021-06615-8.

24. Berra S, Borrell C, Rajmil L, Estrada M-D, Rodriguez M,
Riley AW, et al. Perceived health status and use of healthcare
services among children and adolescents. Eur J Public Health.
2006;16:405—14. https://doi.org/10.1093/eurpub/ckl055.

25. Forster C, Colombo MG, Wetzel A-J, Martus P, Joos S. Persist-
ing symptoms after COVID-19. Dtsch Arztebl Int. 2022. https://
doi.org/10.3238/arztebl.m2022.0147.

Authors and Affiliations

26.

217.

28.

29.

30.

NICE Guideline, No. 188. COVID-19 rapid guideline: managing
the long-term effects of COVID-19. London: National Institute
for Health and Care Excellence (UK); 2020.

Heesakkers H, van der Hoeven JG, Corsten S, Janssen I, Ewalds E,
Simons KS, et al. Clinical outcomes among patients with 1-year
survival following intensive care unit treatment for COVID-19.
JAMA. 2022;327:559. https://doi.org/10.1001/jama.2022.0040.
SeeBle J, Waterboer T, Hippchen T, Simon J, Kirchner M, Lim A,
et al. Persistent symptoms in adult patients one year after COVID-
19: a prospective cohort study. Clin Infect Dis Off Publ Infect Dis
Soc Am 2021:ciab611. https://doi.org/10.1093/cid/ciab611.
Schulz M, von Stillfried D. Das Post-COVID-Syndrom und seine
Folgen fiir die ambulante Versorgung. [PowerPoint presentation].
Zentralinstitut fiir Kassenérztliche Versorg Dtschl. 2022; [updated
2022 Feb 07; cited 2016 April 12]. Available from: https://www.
zi.de/veranstaltungen/zi-insights. Zentralinstitut Fiir Kassenirztli-
che Versorg Dtschl 2022.

Islam MF, Cotler J, Jason LA. Post-viral fatigue and COVID-
19: lessons from past epidemics. Fatigue Biomed Health Behav.
2020;8:61-9. https://doi.org/10.1080/21641846.2020.1778227.

Benjamin Giszas'?© - Sabine Trommer? - Nane Schiiler’ - Andrea Rodewald’ - Bianca Besteher* - Jutta Bleidorn® -
Petra Dickmann?® . Kathrin Finke?’ - Katrin Katzer' ® . Katja Lehmann-Pohl? - Christina Lemhéfer®
Mathias W. Pletz>°® . Christian Puta'®"" . Stefanie Quickert' - Martin Walter* - Andreas Stallmach'

Philipp Alexander Reuken'

Sabine Trommer
sabine.trommer @jena.de

Nane Schiifler
nane.schuessler@med.uni-jena.de

Andrea Rodewald
andrea.rodewald @uni-jena.de

Bianca Besteher
bianca.besteher@med.uni-jena.de

Jutta Bleidorn
jutta.bleidorn @med.uni-jena.de

Petra Dickmann
petra.dickmann @med.uni-jena.de

Kathrin Finke
kathrin.finke @med.uni-jena.de

Katrin Katzer
katrin.katzer @med.uni-jena.de

Katja Lehmann-Pohl
katja.lehmann-pohl@med.uni-jena.de

Christina Lemhofer
christina.lemhoefer @med.uni-jena.de

Mathias W. Pletz
mathias.pletz@med.uni-jena.de

Christian Puta
christian.puta@uni-jena.de

Stefanie Quickert
stefanie.quickert@med.uni-jena.de

@ Springer

Martin Walter
martin.walter@med.uni-jena.de

Andreas Stallmach
andreas.stallmach@med.uni-jena.de

Philipp Alexander Reuken
philipp.reuken @med.uni-jena.de

Department of Internal Medicine IV (Gastroenterology,
Hepatology and Infectious Diseases), Jena University
Hospital/Friedrich-Schiller-University Jena, Am Klinikum 1,
07747 Jena, Germany

Center for Sepsis Control and Care (CSCC), Jena University
Hospital/Friedrich-Schiller-University Jena, Jena, Germany

Public Health Department, City of Jena, 07743 Jena,
Germany

Department of Psychiatry, Jena University
Hospital/Friedrich-Schiller-University Jena, Jena, Germany

Department of General Practice, University Hospital Jena,
Jena, Germany

Department of Anaesthesiology and Intensive Care Medicine,
Jena University Hospital/Friedrich-Schiller-University Jena,
Jena, Germany

Department of Neurology, Jena University
Hospital/Friedrich-Schiller-University Jena, Jena, Germany

Institute of Physiotherapy, Jena University Hospital, Jena,
Germany


https://doi.org/10.1093/eurheartj/ehab914
https://doi.org/10.3390/life12030365
https://doi.org/10.3390/life12030365
https://doi.org/10.2147/PPA.S340868
https://doi.org/10.1007/s00134-021-06615-8
https://doi.org/10.1007/s00134-021-06615-8
https://doi.org/10.1093/eurpub/ckl055
https://doi.org/10.3238/arztebl.m2022.0147
https://doi.org/10.3238/arztebl.m2022.0147
https://doi.org/10.1001/jama.2022.0040
https://doi.org/10.1093/cid/ciab611
https://www.zi.de/veranstaltungen/zi-insights
https://www.zi.de/veranstaltungen/zi-insights
https://doi.org/10.1080/21641846.2020.1778227
http://orcid.org/0000-0003-3596-1437
http://orcid.org/0000-0003-1136-0784
http://orcid.org/0000-0002-6206-4064
http://orcid.org/0000-0001-8157-2753
http://orcid.org/0000-0002-6101-5244
http://orcid.org/0000-0002-7696-475X

Post-COVID-19 condition is not only a question of persistent symptoms: structured screening...

377

Institute for Infectious Diseases and Infection Control, Jena
University Hospital/Friedrich-Schiller-University Jena, Jena,
Germany

Department of Sports Medicine and Health Promotion,
Friedrich-Schiller-University Jena, Jena, Germany

11

Center for Interdisciplinary Prevention of Diseases Related
to Professional Activities, Friedrich-Schiller-University Jena,

Jena, Germany

@ Springer



	Post-COVID-19 condition is not only a question of persistent symptoms: structured screening including health-related quality of life reveals two separate clusters of post-COVID
	Abstract
	Purpose 
	Method 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Measurement tools
	Neuropsychiatric assessment
	Quality of life
	Statistics

	Results
	Study population
	Prevalence of persistent symptoms (post-COVID condition) after SARS-CoV-2-infection
	Quality of life after survival from SARS-CoV-2-infection
	Characteristics of the identified post-COVID clusters
	Prevalence of depression and fatigue among SARS-CoV-2-survivors
	Predictors for the development of post-COVID disease

	Discussion
	Strengths and limitations

	Conclusion
	Anchor 24
	Acknowledgements 
	References




