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Background: For a better understanding of the factors underlying the Post-Acute COVID Syndrome, we studied the
relationship between symptoms and functional alterations in COVID-19 patients 10 months after hospitalization.
Methods: One-hundred-one patients hospitalized between March 1st and June 30th 2020 participated in a follow-

]S)imrpe:::; up visit for an assessment of clinical history, comorbidities, lung function, physical capacity and symptoms,
Sorljlatization including the SGRQ for health-related quality of life, PHQ-9-D for depression, and SOMS-2 J for somatoform
HrQoL disorders. Data were analyzed by univariate comparisons and multiple logistic regression analyses.

Results: Median age was 60 years, 42% were female, 76% had at least one comorbidity, the median length of the
hospital stay was 8 days, 19% had been on the ICU. The most prevalent symptoms included shortness of breath
(49%), fatigue (49%) and cognitive impairment (39%). Signs of major depression (PHQ-9-D > 10) occurred in
28%/2% (p < 0.05) of patients with/without self-reported cognitive impairment, with median total SGRQ score
being 25.4/5.3 (p < 0.05). There were associations between shortness of breath and BMI, SGRQ and hemoglobin
levels; between fatigue, SGRQ and PHQ-9-D; and between cognitive impairment and PHQ-9-D (p < 0.05 each)
but not with lung function or physical capacity. Characteristics of the acute disease were not related to
symptoms.

Conclusions: The findings demonstrate that 10 months after discharge from a hospital stay due to COVID-19, the
percentages of patients with symptoms were high. Symptoms showed a consistent pattern but could not be
attributed to altered lung function or physical capacity. Our results suggest a role for alternative etiologies
including psychosocial factors.

1. Introduction

Since the beginning of the COVID-19 pandemic in 2020, in Germany
almost 3.8 million inhabitants have been positively tested for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1], and 91,
803 inhabitants have been reported as having died from or in association
with SARS-CoV-2 [2]. The spectrum of clinical signs and manifestations
ranges from asymptomatic, mild influenza-like signs such as fever,
cough and sore throat to severe pneumonias with respiratory failure,
multi-organ failure and death [3-8]. Age and comorbidities are the most
important risk factors for a clinically severe course or death [9-11]. The
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Bavarian region of Rosenheim was among the German hotspots in the
first wave, and from March to June 2020, 526 patients were hospitalized
in three hospitals of the RoMed health care provider. Of these, in total
27% died, specifically 20% of patients treated on normal wards and 49%
of patients of intensive care units (ICU) [9].

Many patients who survived still report complaints weeks or months
after initial recovery [12-22]. If the complaints or health-disorders
persist for more than 4 weeks and cannot be explained by another dis-
ease, the set of signs and symptoms is termed ,,Post-Acute COVID Syn-
drome* (PACS), which includes sequelae occurring after > 12 weeks
[23]. It can comprise impairments in cognitive function and well-being
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[24-26], as well as impairments of lung function [24,27-32] and 6 min
walk distance (6-MWD) [26,33], which only partially correlate with the
severity of the acute disease [15,25,33-37]. Fatigue, shortness of breath
and deteriorations of the sense of smelling and taste are the most
prevalent complaints [35].

The etiology of these symptoms and their relationship to organ
dysfunction are debated, including pulmonological, cardio-vascular,
neurological, and psycho-social factors [38]. Early reports suggested
that in patients with mild acute disease 3 months after hospital admis-
sion the subjective impairments did not correspond to impairments in
functional measures [39]. This, however, might change with longer
follow-up time. Recent reports already covered follow-up periods of up
to 12 months [40,41], but there are no data on the relationship between
symptoms and physiological impairments after the rather long follow-up
time of 10 months in hospitalized patients. We addressed this question
using a panel of functional assessments and questionnaires collecting
data on depression, respiratory health-related quality of life (HrQoL)
and potential somatization, with the specific aims, (a) to identify the
prevalence of major symptoms, (b) to assess their relationship to func-
tional and clinical characteristics.

2. Material and methods
2.1. Patient characteristics

The analysis was based on 526 patients hospitalized between March
1st and June 30th 2020 in one of three RoMed hospitals (Rosenheim,
Wasserburg, Bad Aibling) with a positive PCR test for SARS-CoV-2. In
the period up to 1st December 2020, finally 166,/526 patients (32%) had
died. Among the 360 survivors, 95 patients (26%) were excluded (61 not
capable of informed consent, 23 due to positive PCR test without clinical
correlate, 7 not traceable, 4 without sufficient proficiency in German or
English language). Thus, 265 patients (74%) remained for follow-up.

2.2. Recruitment for follow-up

In a first step, patients were contacted by post mail and invited to
participate in a follow-up visit in the Rosenheim hospital; 102 of 265
patients (38%) sent their formal informed consent, whereas 6 patients
denied and 157 did not respond. One of the 102 patients did not attend
the visit, thus 101 patients remained for an out-patient follow-up
investigation. We additionally tried to contact the 157 non-responders
by phone. This was successful in 69 patients, of whom 54 (78%)
accepted a phone interview, while 15 denied any participation. In total,
we thus had data from 155 of 252 patients included in the study (62%).
Data on the hospital stay were taken from COVID-DB-project [9,42].
Written informed consent was obtained from all participants attending
the inpatient assessment, whereas verbal informed consent was obtained
from those contacted via phone. Both approaches were approved by the
Ethics Committee of the University of Regensburg.

2.3. Assessments at the study visit

2.3.1. Symptoms, physical examination and medical history

In a structured manner, patients were asked for symptoms that had
either newly occurred or deteriorated since discharge from the hospital
in comparison to the state prior to COVID-19. The list comprised 27
symptoms selected in accordance with the current literature on PACS
that were available at the time of the study [43,44] (see supplemental
Table S1). The telephone interviews comprised the 9 symptoms that had
turned out to be most frequent in the patients undergoing inpatient
investigation. The burden from comorbidities was summarized in the
Charlson Comorbidity Index (CCI) based on 20 diseases excluding the
patient’s age [45], as this was carried as explicit predictor. The physical
examination comprised a complete physical examination according to
the standards of Internal Medicine and included the assessment of blood
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pressure, heart rate and oxygen saturation (SpO2) by pulse oximetry at
rest. Data on COVID-19 were taken from previous work [9,42]. The
analysis of chest computer tomography (CT) scans was performed by an
experienced radiologist following guidelines [46].

2.3.2. Functional and laboratory measures

Spirometry and bodyplethysmography (Vyaire, Hochberg, Germany)
were performed by experienced personnel. We evaluated forced expi-
ratory volume in 1 s (FEV;), forced vital capacity (FVC) and their ratio
FEV1/FVC to characterize airway obstruction, moreover residual vol-
ume (RV), total lung capacity (TLC) and the ratio RV/TLC to quantify
lung hyperinflation or restrictive disorders. Spirometric reference values
and the respective LLN (lower limit of normal, 5th percentile) were
those of the Global Lung Function Initiative [47]. For body-
plethysmography, corresponding values including the ULN (upper limit
of normal) for RV and RV/TLC, and the LLN for TLC were taken from the
European Community for Coal and Steel (ECSC) [48].

Physical capacity was assessed by a 6 min walk test performed ac-
cording to the guidelines of the American Thoracic Society (ATS) [49]
by asking patients to walk as fast as possible on a course of 30 m length.
The resulting 6 min walk distance (6-MWD) was expressed in relation to
reference and LLN values [50].

Routine laboratory parameters were obtained from a venous blood
sample, including the levels of hemoglobin (Hb), p-dimers, creatinine,
gamma-glutamyltransferase (GGT) and C-reactive protein (CRP). The
estimated glomerular filtration rate (eGFR) was determined from
creatinine according to the CKD-EPI-formula [51]. Reference values
were those used in the local medical laboratory.

2.3.3. Questionnaires

To assess and quantify symptoms of depression, the Patient Health
Questionnaire for Depression (PHQ-9-D) was chosen. It comprises 9
items rated from O to 3 each, resulting in a maximum score of 27 [52,
53]. To categorize the results regarding potential major depression, a
cut-off value of > 7 was chosen, as this had been shown to yield high
sensitivity with still satisfactory specificity [54]. We additionally eval-
uated the clinically more common cut-off of > 10 for major depression
requiring at least a score of 2 in the first two questions.

HrQoL was determined by the St. George’s Respiratory Question-
naire (SGRQ). It was chosen because it was initially assumed that im-
pairments were mainly related to respiratory factors. Nonetheless, the
questionnaire also contains general questions, for example on activity,
and covers a broad range of impairments [55]. It comprises 73 items that
can be summarized in a total score or three sub-scores (symptoms, ac-
tivity, impact), ranging from O (no limitation) to 100 (maximum
limitation).

Previous data suggested that PACS represents a complex situation
potentially involving psycho-social factors that are known to contribute
to persistent symptoms in general, even more so after severe somatic
disease. This was addressed via the SOMS-2 J (Screening for Somato-
form Disorders) questionnaire comprising 68 items [56]. It asks for the
presence of somatic symptoms that are a burden in daily life and for
which a physician could not identify an objective cause. For the present
study, the SOMS-2 J general somatization index, the International
Classification of Disease (ICD-10) somatization disorder (SD) index and
the ICD-10 somatoform autonomous disorder (SAD) index were calcu-
lated. The SOMS-2 J general somatization index summarizes all 53
symptom items, while the SD index and the SAD index summarize the
symptoms relevant for the respective diagnosis (F45) according to the
ICD-10 and use additional plausibility criteria [56].

3. Data analysis
Numeric data are given as median values and quartiles, if suitable

with ranges, or as numbers and percentages. Comparisons between
groups of patients were performed by the Mann-Whitney U-test,
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correlation analyses by the Spearman rank correlation coefficient. To
reveal independent predictors for key symptoms, binary logistic
regression analyses were employed. We used the inclusion of predictors.
These were selected according to the results of univariate analyses and
pathophysiological plausibility, and we checked for predictors poten-
tially hidden by collinearity by additional stepwise selection procedures.
All analyses were performed using the software IBM SPSS (Version
26.0.0.0, Armonk, NY, US). p-values <0.05 were assumed as statistically
significant, and these values are given explicitly in the tables.

4. Results
4.1. Demographic data of the clinically examined patients

Basic demographic characteristics and data on the hospital stay
during COVID-19 of the 101 patients are given in Table 1A stratified
according to sex. This stratification was chosen, as sex had turned out as
major determinant of PACS in previous studies [57-62]. The median age
was 60 (IQR 51-66; range 28-69) years, 58% of patients were male, 35%
had a history of smoking, and 76% at least one comorbidity. The median
CCI was 0 (0, 7), whereby 61% of patients had a CCI of 0. A previous
diagnosis of an obstructive lung disease (either asthma or chronic
obstructive pulmonary disease) was present in 10 patients, and none was
on long-term oxygen therapy. The median length of the hospital stay was
8 (5, 10; range 2-111) days, 20% of patients had ICU treatment, and
20% participated in an inpatient rehabilitation program after discharge.
The time of follow-up was 308 (309, 346; range 226-393) days after
admission to the hospital. Table 1A demonstrates significant differences
between men and women regarding smoking history and the length of
the hospital stay.

4.2. Physical examination and functional status

The physical examination did not reveal pathological results except
for one patient with signs of aortic valve stenosis, which was considered
not to be related to COVID-19. Data are given in Table 1B including the
subgroups of men and women. SpO5 showed a small but statistically
significant difference between the two groups, while the statistically

Table 1A
Patients‘ characteristics grouped by sex.
All (n =101) Men (n = 59) Women (n =
42)
Age (years) 60.0 [50.8; 61.0 [52.5; 58.0 [49.5;
66.0] 66.0] 62.5]
Smoking history (yes) 35 (35%) 28 (48%) ** 7 (17%)
Follow-up time (days) 308 [309; 346] 308 [309; 342] 311 [309; 350]
Hospital stay (days) 8.0 [5.0;10.3] 8.0 [6.0; 11.5] 7.0 [3.5;10.5]
*
Intensive Care Unit 20 (19.8%) 14 (23.7%) 6 (14.3%)
Intubation (yes) 9 (9%) 8 (14%) 1 (1%)
Rehabilitation (yes) 20 (20%) 12 (20%) 8 (19%)
Any Comorbidity (yes) 77 (76%) 45 (76%) 32 (76%)
Charlson Score (without 0 [0; 7] 01[0;1] 0[0; 1]
age)
Obstructive lung disease 10 (10%) 5 (9%) 5 (12%)
(yes)
Systemic hypertension (yes) 41 (41%) 28 (48%) 13 (31%)
Left heart failure (yes) 12 (12%) 9 (9%) 3 (7%)
Coronary heart disease/MI 16 (16%) 12 (20%) 4 (10%)
(yes)
Diabetes (yes) 12 (12%) 8 (14%) 4 (10%)

Baseline characteristics of the 101 follow-up participants including character-
istics of their hospital stay due to COVID-19. Median values and quartiles (in
brackets) are given. MI = history of myocardial infarction. Data are stratified for
men and women in order to illustrate the differences. Statistical comparisons
were based on the Mann-Whitney U test or Fisher’s Exact test. *p < 0.05, ** p <
0.01.
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Table 1B
Functional values grouped by sex.

All (n =101) Men (n = 59) Women (n = 42)
Vital parameters
RRsys (mmHg) 130.0 [110.0; 130.0 [120.0; 12.00 [110.0;
140.0] 140.0] 132.5]
RRdia (mmHg) 80.0 [72.3; 80.0 [80.0; 80.0 [70.0; 80.0]
90.0] 90.0] *
Heart rate (1/s) 70.0 [64.0; 70.0 [63.0; 70.0 [64.5; 76.5]
75.0] 74.5]
BMI (kg/mz) 27.5 [25.0; 27.8 [24.9; 26.8 [24.1; 31.2]
30.9] 30.8]
SpO- (%) 97.0 [96.8; 97.0 [96.0; 97.0 [97.0; 99.0]
98.0] 97.5] *
Lung function/physical
capacity
FEV; (%predicted) 91.6 [82.8; 91.1 [82.7; 92.29 [82.9;
102.6] 101.1] 104.1]
FEV;<LLN (no.) 14 (14%) 8 (14%) 6 (14%)
FEV1/FVC (%) 76.9 [71.8; 76.0 [71.5; 78.5 [73.1; 84.2]
81.4] 80.09]
FEV;/FVC<LLN (no.) 5 (5%) 4 (7%) 1 (2%)
FVC (Yopredicted) 94.5 [81.9; 94.5 [82.9; 93.78 [79.9;
101.6] 100.3] 101.8]
FVC<LLN (no.) 13 (13%) 8 (14%) 5 (12%)
TLC (%predicted) 109.5 [102.5; 105.2 [98.6; 111.6 [107.3;
121.7] 121.1] 122.1] *
TLC<LLN (no.) 6 (6%) 4 (7%) 2 (5%)
RV/TLC (Yopredicted) 44.1 [105.7; 43.0 [105.6; 47.3 [108.3;
126.5] 126.0] 129.3]
RV/TLC>ULN (no.) 26 (26%) 10 (17%) 16 (38%) *
6-MWD (%predicted) (n 101.9 [88.2; 101.9 [90.6; 101.9 [88.1;
=99) 110.9] 106.2] 114.7]
6-MWD<LLN (no.) 5 (5%) 5 (9%) 0 (0%)
Laboratory values
Hemoglobin (g/dl) (n = 14.7 [13. 6; 15.3 [14.6; 13.7 [12.8; 14.1]
98) 15.6] 16.2] ***
Leucocytes (x109/l) (n= 6.27 [5.38; 6.19 [5.27; 6.38 [5.49; 7.66]
98) 7.26] 7.24]
Thrombocytes (Gpt/1) (n  245.5 [212.3; 231.5 [185.5; 257.0 [229.0;
=98) 285.3] 270.0] 298.5] **
gGT (U/D) (n = 98) 30.0 [17.8; 35.0 [26.0; 21.5 [13.5; 29.0]
40.5] 51.0] ***
eGFR (ml/min) (n =98)  78.5 [69.0; 77.0 [69.0; 82.5 [69.0;
99.0] 91.0] 102.0]
CRP (mg/1) (n = 98) 0.16 [0.07; 0.13 [0.07; 0.18 [0.07; 0.46]
0.37] 0.27]
D-dimers (pg/1) (n = 56) 75.5 [0.0; 0.0 [0.0; 154.0 [0.0;
186.3] 190.5] 179.5]

Results of physiological assessments in the 101 follow-up participants expressed
as percent predicted, except for FEV;/FVC and SpO,. SpO; = oxygen saturation
from pulse oximetry, FEV; = forced expiratory volume in 1 s, FVC = forced vital
capacity, TLC = total lung capacity, RV = residual volume, 6-MWD = 6 min walk
distance, LLN = lower limit of normal, ULN = upper limit of normal. Data are
stratified for men and women in order to illustrate the differences. Statistical
comparisons were based on the Mann-Whitney U-test or Fisher’s Exact test. *p <
0.05, ** p < 0.01, *** p < 0.001.

significant difference for diastolic blood pressure values depicted the
expected dependency on sex. Data from spirometry and body-
plethysmography could be obtained in all 101 patients, whereby 21%
showed abnormal findings (<LLN or >ULN, respectively) in at least one
of the lung function measures FEV;, FEV,/FVC, FVC, TLC, or RV/TLC. 6-
MWD was available in 99 patients, since two used wheelchairs. Labo-
ratory values (Hb, erythrocytes, leucocytes, thrombocytes, eGFR, p-di-
mers, GGT) were mostly in the normal range, and the majority of clinical
and functional measures showed differences between men and women
as expected.

4.3. Symptoms

Upon follow-up, only 10% of patients reported no symptoms (see
Table S1), while 51% reported 1-4 symptoms (of 26 symptoms asked)
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and 39% more than 4 symptoms. The most frequent symptoms were
fatigue (49%), shortness of breath (49%), hair loss (41%) and cognitive
impairment (39%). Data are shown in Fig. 1 stratified according to sex.
Regarding the number of symptoms, women reported more symptoms
than men (median 5 versus 3; p = 0.002). The results of the telephone
interview can be found in the Supplement (Table S4).

4.4. Mental health, health related quality of life and somatization

The respective data are given in Table 1C stratified according to sex.
In the PHQ-9-D questionnaire, 20 patients (20%) had a score of > 7,
indicating hints for major depression, and 5 patients reported signs of a
major depression (score > 10). A previous diagnosis of depression was
known in only 3 of the 20 patients, and in 6 of all 101 patients asked,
while it was known only in 1 of the 5 patients with signs of a major
depression. Women had a higher median PHQ-9-D score than men (p =
0.002) and a higher risk of suspicious values > 7 (7% of men versus 38%
of women; p < 0.001).

The total score and the sub-scores of the SGRQ questionnaire can also
been found in Table 1C. There were significantly higher scores, i.e. lower
quality of life, in women compared to men regarding the total score as
well as all sub-scores (symptoms, activity, impact, p < 0.05 each).

Regarding SOMS-2 J, the median (quartiles) of the general somati-
zation index was 3 (0; 8), the SAD index was 0 (0; 2). Formally, with the
SD index being 0 in all patients, no patient met the criteria for a soma-
tization disorder according to ICD-10. A summary of symptoms, as-
sessments of mental health and clinical and functional data is given in
Fig. 2.

fatigue

shortness of breath
hair loss
cognitive impairment
sleeping disorder
impaired taste
voice alteration
chest pressure
sweating
dysbalance
throat clearing
headache

skin alteration
joint pain
dizziness
impaired mobility
coughing
hoarseness
dysphagia
incontinentia
productive cough
tinnitus

impaired vision
loss of appetite
weight loss

fever

Symptom
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Table 1C
Questionnaire results grouped by sex.

All(n= Men (n =59)  Women (n = 42)
101)

PHQ-9-D Score 3.0 [1.0; 2.0 [0.0; 2.0] 5.0 [3.0; 12.0]
6.3] ok

SGRQ Activity Score 18.4 [6.0; 12.17 [0.0; 24.32 [15.6;
43.1] 29.3] 56.9] *

SGRQ Impact Score 3.6 [0.0; 0.0 [0.0; 5.6] 10.2 [0.0; 25.1]
18.7] i

SGRQ Total Score 12.2 [1.9; 5.7 [1.7; 16.7 [7.7; 34.4]
25.7] 15.6]

SOMS-2 J general 3.0 [0.0; 2.0 [0.0; 5.0] 4.5 [0.0; 12.3]

somatization index 8.0]

SOMS-2 J SD index 0.0 [0.0; 0.0 [0.0; 0.0] 0.0 [0.0; 0.0]
0.0]

SOMS-2 J SAD index 0.0 [0.0; 0.0 [0.0; 1.0] 0.5 [0.0; 3.3] *
2.0]

Results of questionnaires in the 101 follow-up participants. Data are stratified
for men and women in order to illustrate the differences. Statistical comparisons
were based on the Mann-Whitney U-test. *p < 0.05, ** p < 0.01.

4.5. Stratification of characteristics according to symptoms

Major symptoms at follow-up were shortness of breath, fatigue and
cognitive impairment; we omitted hair loss as it might have causes not
addressed in the set of available variables. Table S2A-S2C show the
same data as Table 1A-1C but stratified according to the presence of
shortness of breath, fatigue and cognitive impairment. In univariate

sex
B men

.women

20

30 40 50

Number

Fig. 1. Frequency of symptoms (absolute numbers) in the 101 participants of the follow-up visit. Due to the fact that the total number was n = 101, the numerical
values of percentages are virtually the same. Data are given separately for males (blue) and females (red).
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Fig. 2. Percentages of patients in the follow-up visit (n = 101) showing specific counts of symptoms (red) or abnormal values according to LLN or ULN for lung
function and physical performance (blue). SpO, = oxygen saturation from pulse oximetry, FEV; = forced expiratory volume in 1 s, TLC = total lung capacity, 6-MWD
= 6 min walk distance, LLN = lower limit of normal. For functional measures, percentages were in the range of 5% that is expected by definition in a normal
population, except for FEV;, possibly because of the fact that about 10% of patients had a history of obstructive airway disease.

comparisons (Mann-Whitney U-test) between the groups of patients
reporting one of these symptoms or not, women reported shortness of
breath and fatigue more frequently than men. There were no statistically
significant relationships between the three major symptoms and any
functional value. Patients reporting the three selected symptoms scored
significantly higher in all scores administered (PHQ-9-D, SGRQ, SOMS-

%
175

150 &
125

100 | +

75

50 o]

2 J). The results of further comparisons are given as figures below.

As illustrated in Fig. 3A, 3B and 3C, at follow-up none of the func-
tional measures showed a significant difference between the groups
reporting or not reporting shortness of breath, fatigue and cognitive
impairment. Fig. 4A, 4B and 4C show the scores of the PHQ-9-D and
SGRQ stratified in the same manner. All scores significantly differed

M FEV1 (%predicted)
W FEV1/FVC (%)

[l FVC (%predicted)

[ TLC @%predicted)
[CIRVTLC (%predicted)
W sp02 (%)

[]6-MWD (%predicted)

I
Ol

no

Shortness of breath

yes

Fig. 3A. Box plots of functional measures in percent predicted, or percentages for SpO, and FEV;/FVC, for the two groups of patients either reporting or not
reporting shortness of breath at the follow-up visit. SpO, = oxygen saturation from pulse oximetry, FEV; = forced expiratory volume in 1 s, FVC = forced vital
capacity, TLC = total lung capacity, RV = residual capacity, 6-MWD = 6 min walk distance. The boxes indicate the quartiles, the horizontal bar the median value, the
whiskers the 10- and 90-percentiles, and the circles points outside of these. In none of the measures there were statistically significant differences between the two

groups (Mann-Whitney U-test).
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Fig. 3B. Box plots of functional measures in percent predicted, or percentages for SpO, and FEV;/FVC, for the two groups of patients either reporting or not
reporting fatigue at the follow-up visit. SpO, = oxygen saturation from pulse oximetry, FEV; = forced expiratory volume in 1 s, FVC = forced vital capacity, TLC =
total lung capacity, RV = residual capacity, 6-MWD = 6 min walk distance. The boxes indicate the quartiles, the horizontal bar the median value, the whiskers the 10-
and 90-percentiles, and the circles points outside of these. In none of the measures there were statistically significant differences between the two groups (Mann-
Whitney U-test).
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Fig. 3C. Box plots of functional measures in percent predicted, or percentages for SpO, and FEV;/FVC C, for the two groups of patients either reporting or not
reporting cognitive impairment at the follow-up visit. SpO, = oxygen saturation from pulse oximetry, FEV; = forced expiratory volume in 1 s, FVC = forced vital
capacity, TLC = total lung capacity, RV = residual capacity, 6-MWD = 6 min walk distance. The boxes indicate the quartiles, the horizontal bar the median value, the
whiskers the 10- and 90-percentiles, and the circles points outside of these. In none of the measures there were statistically significant differences between the two
groups (Mann-Whitney U-test).
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Fig. 4A. Box plots of the scores of the PHQ-9-D and SGRQ (total and three sub-scores) for the two groups of patients either reporting or not reporting shortness of
breath at the follow-up visit. The boxes indicate the quartiles, the horizontal bar the median value, the whiskers the 10- and 90-percentiles, and the circles points
outside of these. There were statistically significant differences between the two groups (p < 0.05 each, Mann-Whitney U-test) for all of the scores.
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Fig. 4B. Box plots of the scores of the PHQ-9-D and SGRQ (total and three sub-scores) for the two groups of patients either reporting or not reporting fatigue at the
follow-up visit. The boxes indicate the quartiles, the horizontal bar the median value, the whiskers the 10- and 90-percentiles, and the circles points outside of these.
There were statistically significant differences between the two groups (p < 0.05 each, Mann-Whitney U-test) for all of the scores.

between groups defined via shortness of breath, fatigue or cognitive 4.6. Associations with symptoms in multivariate analyses
impairment (p < 0.004 each).
As these factors were not necessarily independent of each other and
differences might be due to confounding, we performed logistic
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Fig. 4C. Box plots of the scores of the PHQ-9-D and SGRQ (total and three sub-scores) for the two groups of patients either reporting or not reporting cognitive
impairment at the follow-up visit. The boxes indicate the quartiles, the horizontal bar the median value, the whiskers the 10- and 90-percentiles, and the circles points
outside of these. There were statistically significant differences between the two groups (p < 0.05 each, Mann-Whitney U-test) for all of the scores.

regression analyses for each of the three symptoms. The predictors
included those revealed as potentially relevant in the simple compari-
sons as well as predictors that could become relevant in multivariate
analyses. As covariates we thus included age, sex, smoking status (active
vs. non-active), SpOy, BMIL, 6-MWD as measure of physical capacity,
FEV; (%predicted) as measure of airway obstruction, RV/TLC (%pre-
dicted) as measure of trapped air, the PHQ-9-D score, SGRQ total score,
sex-adjusted hemoglobin (by multiplication of the women’s Hb value
with the ratio of the World Health Organization’s mean reference values
for men (16 g/dL) and women (14 g/dL)), and the SOMS-2 J SAD index.

Table S3 shows the Odds Ratios for the three symptoms and the
predictors. Shortness of breath was related to BMI, SGRQ and Hb (p <
0.05 each), fatigue was related to PHQ-9-D and SGRQ (p < 0.05 each),
and cognitive impairment was related to PHQ-9-D (p < 0.05) but not to
the SOMS-2 J SAD index. There was, however, an association with the
SOMS-2 J general somatization index, if this was used as predictor
instead of the SAD index.

4.7. Relationship to clinical history during the hospital stay

A further factor relevant for the symptoms reported at follow-up
could be the clinical history experienced during the hospital stay. For
this purpose, again logistic regression analyses of the three symptoms
were performed, including parameters assessed during the inpatient
situation. The predictors comprised ICU treatment, length of hospital
stay, invasive ventilation, CCI (without age), age, SpO, upon admission,
renal dysfunction (eGFR< 60 /min), the concentration of lactate dehy-
drogenase (LDH), and the administration of anti-coagulative therapy or
systemic steroids. Shortness of breath was not dependent on any of these
covariates (p > 0.05 each). The same was true for fatigue and cognitive
impairment. Moreover, lung function values of patients with ICU
treatment were not different from the values of patients treated on the
normal ward (p > 0.1 for all measures evaluated).

During the hospital stay, chest CT scans had been obtained in 65 of
the 101 patients. In a further logistic regression analysis, the percentage
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of lung affected by COVID-19 during the hospital stay according to CT
imaging was added as predictor to those mentioned above, again for
shortness of breath, fatigue and cognitive impairment as outcomes.
None of the three symptoms showed a significant relationship to the CT
parameter.

5. Discussion

The major finding of our study is that 10 months after acute COVID-
19 neither the current somatic functional status of the patient nor the
characteristics of the previous hospital stay were related to the presence
of three major symptoms associated with PACS. To the best of our
knowledge, we present the data with the longest follow-up comprising
data on both functional and subjective alterations.

As major symptoms, shortness of breath, fatigue and cognitive
impairment were reported by 39 to 49% of patients, and only 10% re-
ported no symptoms at all. This result is consistent with previous find-
ings on reduced self-reported exercise capacity (53.1%), fatigue
(41.7%), sleeping problems (32.3%), concentration problems (31.3%)
and dyspnea (27.1%) as major symptoms after 12 months, while 23% of
patients reported no symptom [41]. However, only 30% of the patients
of this previous study were hospitalised, and the median age was slightly
smaller (57 vs. 60 years in our cohort).

We also found the symptom burden not to be related to character-
istics of the previous hospital stay, particularly the severity of COVID-
19, which goes along with data from shorter follow-up times in previ-
ous studies [36,61,63-65]. In some studies, however, a positive corre-
lation between the severity of the COVID-19 disease and the symptom
burden at follow-up had been found [15,26,35,58,60,66]. This hetero-
geneity could be due to different classifications of disease severity or not
yet specified subtypes of the virus or the fact that studies employed
different tools, such as personal interview, phone interview and online
survey. Moreover, in our study the number of patients with invasive
ventilation was too low to draw reliable conclusions.

In the present cohort, lung function as well as physical capacity
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assessed by 6 min walk test, showed distributions not markedly different
from those in normal populations and were not related to the charac-
teristics of the hospital stay, particularly with respect to disease severity.
This is consistent with data that shows that 12 months after COVID-19
values of spirometry and bodyplethysmography were <LLN in less
than 10% of patients (except for a reduction of TLC in 42%), indepen-
dently from the severity of the disease during inpatient treatment (WHO
guideline severity scale) [40,67]. When assessed up to 8 months after
hospitalization, some studies reported a significant relationship between
the current functional impairment and the previous severity of the dis-
ease [25,29,31,33,36,37,66,68], while others did not [24,26,63,69].
The situation is complicated by a potential interplay between persistent
symptoms and functional alterations that could be promoted by changes
in behavior, for example regarding physical capacity or anxiety and
depression. This probably renders associations increasingly difficult to
detect after a longer time-lag from the acute disease, suggesting to a
multi-dimensional etiology.

We furthermore observed a lack of correlation between functional
status and symptom burden, in line with previous findings obtained after
75 days or 3 and 6 months [39,61,70]. Other investigators, however,
found that patients with a higher symptom burden had more impaired
lung function after 2.5 or 3-6 months [31,71]. The lack of association in
our study is illustrated in the supplemental Fig. S1A and S1B. Patients
reporting either shortness of breath or fatigue were distributed over the
middle part of the scatter plot, although one might have expected that,
for example, patients with fatigue or shortness of breath showed a lower
6-MWD at a given FEV;.

A worsened quality of life is a fairly consistent finding for PACS [24,
26,32,57,59,72,73]. In the absence of reference values for the SGRQ we
could not define an overall worsened HrQolL, but data were consistent
regarding their correlation with shortness of breath and fatigue, sug-
gesting that we asked for important factors underlying the overall
impairment in quality of life. Regarding fatigue and cognitive impair-
ment, a similar tendency was observed for the PHQ-9-D as a score for
depression. The PHQ-9-D is sensitive to impairments from respiratory
disease in patients with COPD [74] but in our study population the
percentage of patients with a history of such disease was small and lung
function normal or close to normal.

Thus, it is likely that we measured the PHQ-9-D unbiased and that
the scores indeed indicated depression. As the PHQ-9-D is not subject to
gender bias [75], the higher prevalence of post-COVID-19 depression in
women in our cohort appeared to be a valid result. The fact that HrQoL
was lower and the prevalence of depression higher than in a control
group never tested positive for SARS-CoV-2 [14,25], suggests that the
deterioration of mental health is not simply due to the impact of the
pandemic on the whole population’s mental health [76], but that PACS
itself bears a greater risk for psychological suffering [77].

The SOMS-2 J general index was related to cognitive impairment.
This is remarkable, as by design the SOMS-2 J aims to assess symptoms
that are not sufficiently explained by organic dysfunction and for which
a physician could not identify an objective cause. In the current,
complicated situation, one might expect that patients are inclined to
attribute symptoms to somatic deteriorations associated with COVID-19,
leading to a lower sensitivity of SOMS-2 J. Our findings suggest the
potential relevance of psycho-social factors and somatization in addition
to somatic factors.

5.1. Limitations and strengths

The present study focused on hospitalized patients and did not
comprise patients without hospital admission. We had pre-COVID values
(via cooperation with general practitioners) in only 17 patients, and no
statistically valid, unbiased comparison was possible due to this low
number. Moreover, the differences regarding laboratory parameters
obtained during the hospital stay were trivial as they only indicated the
end of the acute disease. Therefore, we had to perform a cross-sectional
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analysis. Moreover, there was no matched control group without pre-
vious COVID-19 that would have allowed to estimate the distribution of
symptoms and functional measures for comparison. This could have
been relevant, as depression scores, for example, might also have been
affected in non-COVID patients, for example in relation to the lock-down
[19,78]. On the other hand, at least for lung function measures, the
percentages of potentially abnormal values were in the 5 percent range
expected from the definition of the LLN or ULN. Due to organizational
factors, we could not include the assessment of CO diffusing capacity of
the lung, which might have been a marker of vascular alterations [26,79,
80]. The results of the phone interviews (see Supplement) did not sug-
gest a major bias in the group of subjects studied in the hospital,
particularly not the selection of less symptomatic patients. A strength of
the study is that we had detailed information on the COVID-19 related
hospital stay and that we aimed to analyze and confirm the symptoms by
using three standard questionnaires.

6. Conclusions

Our findings indicate that 10 months after discharge from a COVID-
19 set off inpatient treatment, the prevalence of symptoms was high,
especially that of shortness of breath, fatigue and cognitive impairment.
Symptoms and scores of depression and HrQoL showed gender-
dependent differences and a consistent relationship to each other, but
could not be attributed to alterations in lung function or physical ca-
pacity at the time of the follow-up, or to major characteristics of the
hospital stay. The associations between shortness of breath and lower
hemoglobin concentration at the follow-up, and between fatigue or
cognitive impairment and hints for depression, especially in women,
might be helpful in the clinical assessment of post-COVID-19 patients
but the results also suggest to consider alternative etiologies including
psychosocial factors.
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