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ARTICLE INFO ABSTRACT

Keywords: Objective: Subjective illness perception (IP) can differ from physician’s clinical assessment results. Herein, we
COVID-19 explored patient’s IP during coronavirus disease 2019 (COVID-19) recovery.

Clustering Methods: Participants of the prospective observation CovILD study (ClinicalTrials.gov: NCT04416100) with

Illness perception

Persistent somatic symptoms
Post-COVID-19 condition
Regularized regression

persistent somatic symptoms or cardiopulmonary findings one year after COVID-19 were analyzed (n = 74).
Explanatory variables included demographic and comorbidity, COVID-19 course and one-year follow-up data of
persistent somatic symptoms, physical performance, lung function testing, chest computed tomography and
trans-thoracic echocardiography. Factors affecting IP (Brief Illness Perception Questionnaire) one year after
COVID-19 were identified by regularized modeling and unsupervised clustering.

Results: In modeling, 33% of overall IP variance (R?) was attributed to fatigue intensity, reduced physical per-
formance and persistent somatic symptom count. Overall IP was largely independent of lung and heart findings
revealed by imaging and function testing. In clustering, persistent somatic symptom count (Kruskal-Wallis test:
n?=0.31, p <.001), fatigue (n? = 0.34, p < .001), diminished physical performance (y? test, Cramer V effect size
statistic: V = 0.51, p < .001), dyspnea (V = 0.37, p = .006), hair loss (V = 0.57, p < .001) and sleep problems (V
= 0.36, p = .008) were strongly associated with the concern, emotional representation, complaints, disease
timeline and consequences IP dimensions.

Conclusion: Persistent somatic symptoms rather than abnormalities in cardiopulmonary testing influence IP one
year after COVID-19. Modifying IP represents a promising innovative approach to treatment of post-COVID-19
condition. Besides COVID-19 severity, individual IP should guide rehabilitation and psychological therapy
decisions.

Abbreviations: 1P, Ilness perception; COVID-19, coronavirus-19 disease; PSS, Persistent Somatic Symptoms; BIPQ, Brief Ilness Perception Questionnaire; CT,
Computed tomography of the chest; LFT, Lung function testing; TTE, Trans-thoracic echocardiography.
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1. Introduction

A subset of coronavirus disease 2019 (COVID-19) patients is affected
by protracted somatic symptoms, cardiopulmonary pathology and
mental health disorders [1-11]. Persistent COVID-19-related symptoms
have been initially described by patient initiatives [12] and subse-
quently recognized as ‘post-COVID-19 condition’ by the clinical com-
munity [1,2,6-8,10]. Most patients recover completely from acute
COVID-19 symptoms within four weeks. The clearance rate is particu-
larly fast for non-specific infection complaints [2,10,13]. In a recent
meta-analysis of 1.7 million patients, the pooled prevalence estimate of
post-COVID-19 condition, i.e. symptoms present for 3 months or longer,
was 43% [8,11]. Yet, in a rigorously controlled study, approximately
12.7% of SARS-CoV-2-positive individuals suffered from persistent so-
matic symptoms directly associated with COVID-19 [14]. Fatigue, con-
centration and memory problems, sleep disorders, physical performance
deficits, smell/taste disorders and hair loss, dyspnea and pain are the
most common, frequently overlapping and relapsing manifestations
[2,4,7,9,11,13-15].

Yet, patients’ and clinicians’ perceptions of post-COVID-19 condition
and its impact on patients’lives are not always consistent, a phenomenon
that has also been observed in other conditions such as chronic
obstructive pulmonary disease [16,17] or functional disorders [18].
More specifically, persistent symptoms in many COVID-19 patients were
not accompanied by lung, heart, biochemical, inflammatory and im-
munity abnormalities [4,19]. Persistent somatic symptoms (PSS) are
defined as any subjectively distressing somatic complaints, including
medically explained, unexplained and functional symptoms [20].
Manifestations of post-COVID-19 condition like fatigue or neuro-
cognitive disorders were also associated with depression, anxiety,
mental stress and other signs of mental health impairment
[5,6,19,21-23,71]. Intriguingly, somatic complaints comparable to
post-COVID-19 condition symptoms have also been observed in COVID-
19-free individuals [24-26] suggestive of effects of socioeconomic
background or altered social behavior during the SARS-CoV-2 pandemic
[27,28]. Fatigue, sleep problems and dyspnea were also common
symptoms in the general pre-pandemic population [29].

Illness perception (IP) consists of cognitive and emotional di-
mensions [30]. The cognitive dimensions comprise self-perceived con-
sequences, expected duration, personal control, expected treatment
effect, symptom perception and understanding of the disease. The
emotional dimensions encompass disease-associated concerns and
emotions e.g. fear, anger or distress [30,31]. According to the common-
sense model of self regulation, aiming to explain how individuals cope
with with health threats, IP is influenced by situational stimuli such as
symptoms, health information and patient’s knowledge [27,32,33]. IP
was shown to influence adjustment to adverse life events or chronic
conditions and compliance with prevention, treatment and rehabilita-
tion [34,35], also in COVID-19 [36-38]. Emotional response, concerns
and consequence IP dimensions correlate with anxiety, depression and
stress both in the general population and acute COVID-19 patients
[11,39-42]. Similar observations were made recently in individuals
with post-COVID-19 condition recruited from self-help and social media
platforms [21]. However, characterization of IP and its influencing
factors in a defined observational COVID-19 cohort is still missing. In
particular, it is unclear how PSS, lung and heart pathology [1,3,4] shape
IP during long-term COVID-19 recovery.

We aimed to describe IP and IP components, identify demographic
and clinical variables affecting IP and explore IP patterns in convales-
cents suffering from persistent somatic symptoms (PSS), lung or heart
abnormalities one year after COVID-19. To this end, we gauged IP in a
long-term observatory cross-sectional COVID-19 collective [1-4] with
the Brief Illness Perception Questionnaire (BIPQ) [30] and investigated
components, influential factors and patterns of IP by factor analysis,
regularized multi-parameter modeling and unsupervised clustering.
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2. Methods
2.1. Study design and approval

Participants of the longitudinal observation CovILD study (ClinicalT
rials.gov: NCT04416100) were recruited during the first wild-type
SARS-CoV-2 outbreak between April and June 2020 at the University
Hospital of Innsbruck, the St. Vinzenz Hospital in Zams and the Karl-
Landsteiner Rehabilitation Facility in Miinster (all in Austria) [1,3,4].
The study inclusion criteria were age > 18 years and symptomatic, PCR-
confirmed SARS-CoV-2 infection. The follow-ups were scheduled at two,
three, six months and one year after COVID-19 diagnosis.

In total, 190 individuals were screened for participation. The
screened subset size was limited by the number of COVID-19 cases
diagnosed at the study centers, their follow-up availability (residency in
the study region) and available resources for the follow-up assessments.
No statistical sample size estimation was performed, as the kinetic of
COVID-19 recovery was unknown at the pandemic onset. Out of 145
enrolled individuals, 108 completed the one-year follow-up. A subset of
participants (n = 74) was analyzed who displayed (1) PSS or (2) any
abnormality in chest computed tomography or (3) any lung function
testing deficits or (4) any heart abnormality in trans-thoracic echocar-
diography at the one-year follow-up and had a complete set of BIPQ,
demographic and clinical analysis variables (Fig. 1, Supplementary
Tables S1 - S2). We decided to restrict the analysis to incomplete

Screened for participation

n =190
w | refused to give informed consent
> -
n=18
incompatible with the scheduled
> follow-up visits
y n=27
Enrolled 2 months after
COVID-19
n =145
missing
> follow-up visits
n=37
Y

Completed the 1-year
follow-up visit

n=108
no persitent somatic symptoms nor
w| CT nor LFT nor TTE abnormality at
£ the 1-year follow-u
h 4 / n=6 d
Persistent somatic symptoms or
CT or LFT or TTE abnormality at
the 1-year follow-up visit
n=102
missing Brief lliness Perception
> Questionnaire answers
n=27
incomplete set of independent
> variables
n=1
Y

Included in the analysis
n=74

Fig. 1. Flow diagram of study enrollment and analysis inclusion process.
CT: computed tomography of the chest; LFT: lung function testing, TTE: trans-
thoracic echocardiography.
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COVID-19 recovery, because BIPQ was initially designed for and vali-
dated in somatic conditions [30].

The study was performed in accordance with the Declaration of
Helsinki and European Data Policy. All participants gave written
informed consent. The study protocol was approved by the ethics
committee at the Medical University of Innsbruck (approval number
1103/2020).

2.2. Procedures

For full descriptions of procedures and variables, see Supplemen-
tary Methods and Supplementary Tables S1 and S2.

Baseline clinical and acute COVID-19 data were recorded retro-
spectively at the two-month follow-up [1]. Study participants were
classified as ambulatory (outpatient, WHO ordinal scale for clinical
improvement 1-2), moderate (hospitalized without oxygen therapy,
WHO 3-4) and severe COVID-19 survivors (hospitalized with non-
invasive ventilation or high-flow oxygen or mechanical ventilation,
WHO 5-7).

Physical performance was rated with the Eastern Cooperative
Oncology Group scale. Dyspnea was scored with the Modified Medical
British Research Council scale. Fatigue was rated with likert and
bimodal Chalder’s Fatigue Scales [43,44]. Exertional capacity was
assessed by six-minute walking distance [45].

The following PSS were analyzed at the one-year follow-up: reduced
physical performance (Eastern Cooperative Oncology Group scale > 1),
dyspnea (Modified Medical British Research Council scale > 1), self-
reported cough (yes/no item), self-reported sleep problems (yes/no),
self-reported night sweating (yes/no), self-reported hyposmia or
anosmia (yes/no), self-reported dermatological symptoms (yes/no),
self-reported gastrointestinal symptoms (yes/no), self-reported hair loss
(yes/no), significant fatigue (bimodal Chalder’s Fatigue Scale > 4).
Records of reduced physical performance, dyspnea, cough, sleep prob-
lems, night sweating, hyposmia/anosmia and gastrointestinal symptoms
were available for acute COVID-19 and all follow-ups [4].

Lung function testing abnormality was defined as at least one
parameter <80% (forced vital capacity, forced expiratory volume in 1 s,
total lung capacity, diffusion lung capacity for carbon monoxide) or <
70% (ratio of forced expiratory volume in 1 s to forced vital capacity) of
the reference value [4]. Computed tomography images were evaluated
with the Fleischner Society glossary terms [46] and the computed to-
mography severity score [1,3,4]. Blood biomarkers encompassed he-
moglobin and parameters of iron turnover, inflammation and
coagulation.

IP was investigated with a German translation of BIPQ [30] with the
following 8 items: Q1 consequences (0: no consequences, 10: very severe
consequences), Q2 timeline (0: very short, 10: forever), Q3 lacking
personal control (negative item, 0: full control, 10: no control at all), Q4
lacking treatment control (negative item, 0: full control, 10: no control
at all), Q5 identity (0: no complaints, 10: multiple severe complaints),
Q6 concerns (0: not at all, 10: extreme concerns), Q7 lacking coherence
(negative item, O: very good understanding, 10: no understanding at all)
and Q8 emotional representation (0: no emotions at all, 10: extreme
emotions). Items were rated with 11-point likert scales, with O corre-
sponding to neutral or positive and 10 representing severely distorted or
negative IP dimension. The Q3, Q4 and Q7 conceptualized as negative
items were re-coded prior to analysis. The total IP score was defined as
all BIPQ item sum as a measure of overall negative IP alterations (0:
neutral - 80: extremely severe) [30]. The emotion/concern/conse-
quences score was defined as the Q1, Q2, Q5, Q6 and Q8 item sum (0:
neutral - 50: extremely severe) and the lacking control/coherence score
was defined as the Q3, Q4 and Q7 item sum (range: 0: good control/
understanding - 30: no control/understanding at all) to measure in-
tensity of the two main IP components identified by factor analysis.
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2.3. Analysis endpoints

The primary analysis endpoints were demographic and clinical fac-
tors affecting total IP and its emotion/concern/consequences and lack-
ing control/coherence components in COVID-19 convalescents with PSS
or cardiopulmonary abnormalities at the one-year follow-up. The sec-
ondary analysis endpoints were components of IP, patterns of IP di-
mensions explored by clustering as well as demographic and clinical
factors differentiating between the IP clusters.

2.4. Statistical analysis

Statistical analysis details are provided in Supplementary Methods.
Analysis was done with R version 4.2.0. Numeric variables were pre-
sented as medians with interquartile ranges. Categorical variables were
shown as percentages and counts. Differences in categorical variable
distribution were assessed by »? test with Cramer V effect size statistic.
Statistical significance for numerical variables was investigated by
Mann-Whitney test with r effect size statistic or Kruskal-Wallis test with
1?2 effect size statistic. Correlations were investigated by Spearman’s test.
Differences in symptom frequency over time were investigated by
Cochran Q test. Interaction effects were analyzed by two-way ANOVA
with #? effect size statistic. BIPQ dimensionality and consistency was
investigated by factor analysis [47] and McDonald’s o [48].

Multi-parameter modeling was done with regularized regression al-
gorithms: Elastic Net [49,50], LASSO (least absolute shrinkage and se-
lection operator) [50,51] and Bayesian LASSO [52,53]. The choice of
regularized linear regression was motivated by multi-dimensional
character of the study data set, i.e. comparable number of explanatory
variables and observations [54,55]. Ordinary least square models with
backward term elimination developed in the study data set had poor
reproducibility and over-parameterization as demonstrated by fit error
expansion in cross-validation.

Modeling responses: the total IP score, emotion/concern/conse-
quence and lacking control/coherence scores, were square root-
transformed to guarantee normality. Both first and second order terms
of numeric explanatory variables were included in the models. Numeric
explanatory and response variables were Z-score normalized. The
optimal A for Elastic Net and LASSO were obtained by 200-repeats 10-
fold cross-validation. The ‘sparsity’ parameter in Bayesian LASSO was
found by 10-repeats 10-fold cross-validation [56]. Explained variance
(R?) and model root mean squared error were assessed in the entire data
set and 10-repeats 10-fold cross-validation [56]. Elastic Net and LASSO
model coefficients were calculated for the optimal 1 values. Bayesian
LASSO coefficients were calculated as medians over all algorithm iter-
ations [52]. The number of non-zero model coefficients was found to
differ substantially between the models as reported for data sets of
similar size [55]. Hence, variables with non-zero coefficients in models
constructed with all three algorithms were deemed the key factors for
the total IP score, emotion/concern/consequences and lacking control/
coherence scores.

Clustering by the BIPQ items was accomplished by the partitioning
around medoids algorithm with Euclidean distance [57,58]. The clus-
tering algorithm choice was motivated by its optimal stability in 10-fold
cross-validation [59] and good explanatory performance measured by
the fraction of clustering variance as compared with hierarchical and
KMEANS clustering.

3. Results
3.1. Study cohort at baseline and one year after COVID-19

The CovILD cohort was recruited during the first outbreak of SARS-
CoV-2 between April and June 2020 [1]. Out of 145 participants

enrolled, 74 individuals with PSS or abnormalities in lung computed
tomography, lung function testing or cardiological abnormalities,
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complete BIPQ and a complete set of study variables set at the one-year
follow-up were analyzed. The major reasons of patient dropout were
missing follow-ups and incomplete BIPQ (Fig. 1). The excluded partic-
ipants tended towards less severe acute COVID-19, more dermatological
and gastrointestinal symptoms at the one-year follow-up, and lower
blood hemoglobin and ferritin as compared with the analysis collective;
those effects were, however, not significant. The excluded participants
had significantly lower six-minute walking distance (Supplementary
Fig. $3).

The analyzed participants were predominantly male (65%), the
median age at COVID-19 diagnosis was 56 years (interquartile range:
47-68), over one-third were active or ex-smokers (38%). Most partici-
pants suffered from comorbidities (74%), with cardiovascular disease,
metabolic and respiratory disorders as leading conditions. The partici-
pants were classified by COVID-19 severity as ambulatory (20%),
moderate (hospitalized, no intensive care, no oxygen therapy, 54%) and
severe COVID-19 survivors (hospitalized, oxygen therapy or intensive
care, 26%). The ambulatory COVID-19 subset had the lowest median
age, smoking and comorbidity rates (Table 1).

Nearly three-quarter of participants (72%) suffered from PSS one
year after COVID-19. Significant fatigue (41%), reduced physical per-
formance (35%), sleep disorders (32%) and exertional dyspnea (22%)
were the most frequent PSS. Recovery pace for the longitudinally
recorded PSS was the fastest within the first 3 months after COVID-19.
There was little improvement during later convalescence and percent-
ages of performance deficits, sleep problems and smell disorders were
substantially higher at the one-year than at the 6 month follow-up
suggestive of relapse. Except for self-reported anosmia, which was ab-
sent in severe COVID-19 survivors, PSS frequencies and fatigue rating
were comparable between the COVID-19 severity strata (Supplemen-
tary Fig. S1, Supplementary Table S4).

Lung function testing abnormalities affected 32% of participants and
were substantially enriched in severe COVID-19 survivors. Abnormal-
ities in lung computed tomography were found in 54% individuals and
their frequency and scoring was significantly higher in moderate-to-

Table 1
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severe COVID-19 than in the ambulatory subset. The leading cardio-
logical finding was low grade diastolic dysfunction (64%), which was
significantly enriched in moderate and severe COVID-19 survivors.
Concomitant PSS, abnormal lung computed tomography, lung function
testing and diastolic dysfunction in echocardiography one year after
COVID-19 were observed in 14.9% of participants. In 18.9% of partici-
pants, PSS were not accompanied by cardiopulmonary abnormalities
(Supplementary Fig. S2). Nearly 80% of severe disease survivors
attended COVID-19-specific rehabilitation, the rehabilitation rates in
the remaining severity strata were below 20% (Supplementary
Table S4). Most laboratory parameters at the one-year follow-up were
within their normal values. Mild anemia and improper glycemia control
assessed by glycated hemoglobin levels were evident primarily in
moderate and severe COVID-19 survivors (Supplementary Table S5).

Females displayed significantly less severe COVID-19 and less chest
computed tomography abnormalities but higher PSS rates and counts
than males at the one-year follow-up. Differences between the genders
in frequencies and scoring of specific PSS were not significant (Sup-
plementary Table S6 and not shown).

3.2. Iliness perception one year after COVID-19

Factor analysis of BIPQ [30,47] revealed two IP components one year
after COVID-19: (1) an emotional representation, concern, identity,
consequences and timeline component (Q1, Q2, Q5, Q6 and Q8, termed
further "emotion/concern/consequens component’), and (2) a lacking
treatment/personal control and lacking coherence component (Q3, Q4
and Q7, termed further ’lacking control/coherence component’) (Sup-
plementary Table S3). The entire BIPQ (w = 0.9) and the emotion/
concern/consequence component (v = 0.94) had good internal consis-
tencies as determined by McDonald’s omega [48]. The lacking control/
coherence component consistency was markedly lower (o = 0.71),
presumably due to weak correlation of the lacking personal control (Q3)
with the remaining items (Supplementary Fig. S4).

The median total IP score representing the sum of all BIPQ items was

Baseline demographic and clinical characteristic of the study cohort. Numeric variables are presented as medians with interquartile ranges (IQR). Categorical variables

are shown as percentages and counts within the strata.

Variable Cohort Ambulatory COVID-19 Moderate COVID-19 Severe COVID-19 Significance”  Effect
size”
n, participants 74 15 40 19
Male sex 65% (n = 48) 33% (n=15) 70% (n = 28) 79% (n = 15) p=.01 V=0.34
56 [IQR: 47-68] 45 [IQR: 36-55] 62 [IQR: 53-73] 54 [IQR: 50-62] 2
Age, years range: 19-87 range: 19-70 range: 27-87 range: 44-72 p=.001 N =016
Smoking historyh 38% (n = 28) 13% (n = 2) 48% (n = 19) 37% (n=7) ns (p = .07) V=0.27
normal: 38% (n = 28) normal: 60% (n = 9) normal: 30% (n = 12) normal: 37% (n = 7)
i o 0, = i . 0, = i . 0, = i . 0, —
Weight class® g\Srwelght‘ 43% (n = zx)rerwelght. 27% (n = Zgrwelght. 50% (n = Z;/erwelght. 42% (n = ns (p = .37) V=017
obesity: 19% (n = 14) obesity: 13% (n = 2) obesity: 20% (n = 8) obesity: 21% (n = 4)
Comorbidity present 74% (n = 55) 47% (n =7) 80% (n = 32) 84% (n = 16) p=.02 V=0.32
Cardiovascular comorbidity 43% (n = 32) 13% (n = 2) 48% (n = 19) 58% (n =11) p=.02 V=0.32
Hypertension, comorbidity 30% (n = 22) 13% (n = 2) 30% (n =12) 42% (n = 8) ns (p =.19) V=0.21
Metabolic comorbidity 38% (n = 28) 13% (n = 2) 45% (n = 18) 42% (n = 8) ns (p = .09) V =0.26
Hypercholesterolemia 22% (n = 16) 0% (n=0) 32% (n=13) 16% (n = 3) p=.03 V=0.31
Type 1I diabetes, comorbidity 14% (n = 10) 6.7% (n=1) 7.5% (n = 3) 32% (n=6) p=.03 vV =0.31
Gastrointestinal comorbidity 14% (n = 10) 0% (n = 0) 20% (n = 8) 11% (n = 2) ns (p =.14) V=0.23
Malignancy, comorbidity 12% (n =9) 6.7% (n=1) 18% (n=7) 53% (n=1) ns (p =.31) V=0.18
Respiratory comorbidity 24% (n = 18) 13% (n = 2) 28% (n = 11) 26% (n = 5) ns (p = .54) V=013
Chronic kidney disease, 6.8% (n = 5) 0% (n = 0) 7.5% (n = 3) 11% (n = 2) ns(p—.46) V=014
comorbidity
Immune deficiency, comorbidity 4.1% (n = 3) 0% (n =0) 25% (n=1) 11% (n = 2) ns (p = .23) V=02
.4 4 [IQR: 3-4.8] 2 [IQR: 2-2] 4 [IQR: 3-4] 6 [IQR: 6-6] 2
WHO COVID-19 severity range: 2-7 range: 2-2 range: 3-4 range: 5-7 p <.001 =086

2 COVID-19 severity strata comparison; categorical variables: y? test with Cramer V effect size statistic, numeric variables: Kruskal-Wallis test with 1 effect size

statistic.
b Former or active smoker.
¢ Overweight: body mass index 25-30 kg/m?, obesity: > 30 kg/m?
4 WHO ordinal scale for clinical improvement.
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23 (interquartile range: 15-32) in the study collective, the differences
between ambulatory, moderate and severe COVID-19 were not signifi-
cant. The emotion/concern/consequences IP component rated by the
Q1, Q2, Q5, Q6 and Q8 item sum was the lowest in moderate and the
highest in severe COVID-19. Moderate COVID-19 convalescents had in
turn the highest intensity of the lacking control/coherence IP compo-
nent scored as the Q3, Q4 and Q7 item sum as compared with the
remaining severity subsets; this difference was not significant (Table 2).

Significant differences between the COVID-19 severity strata were
detected for the single BIPQ items of consequences, concern, emotional
representation, which peaked in severe COVID-19 convalescents. The
maximum scores of the lacking coherence BIPQ item were detected in
mild COVID-19 individuals (Table 2). Differences in IP between the
genders were not significant (Supplementary Table S6).

3.3. Key factors influencing illness perception

The most important factors among 56 candidate explanatory vari-
ables (Supplementary Tables S2) influencing total IP and the emotion/
concern/consequences and lacking control/coherence IP components
one year after COVID-19, were identified with three regularized multi-
parameter regression algorithms: Elastic Net [49], LASSO [51] and
Bayesian LASSO [52]. The choice of regularized regression instead of
canonical linear regression was motivated by multi-dimensional char-
acter of the study data, i.e. comparable number of observations and
explanatory variables [54,55].

The final regularized models explained at least 33% and 32% of the
total IP score variance in the entire data set and cross-validation,
respectively. Explained variances of the emotion/concern/conse-
quences IP component score were substantially higher with at least 57%
in the entire collective and 40% in cross-validation. For the lacking
control/coherence component, no meaningful models could be estab-
lished with either of the algorithms (Supplementary Fig. S5). The
number of explanatory factors with non-zero coefficients in the total IP
models varied between 3 (LASSO) and 6 (Elastic Net) (Fig. 2A, Sup-
plementary Figs. S6-S8). Between 11 (Bayesian LASSO) and 18
(LASSO) explanatory variables were linked to the emotion/concern/
consequences rating (Fig. 2B, Supplementary Figs. S9-S11). The key
variables affecting total IP identified by all three models were PSS count,

Table 2
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reduced physical performance and fatigue scoring at the one-year
follow-up. In uni-variable analysis, each of them was significantly
associated with total IP (Fig. 3). The key explanatory factors for the
emotion/concern/consequences IP component identified by all three
modeling algorithms were PSS count, reduced physical performance,
fatigue scoring, significant fatigue, hair loss, cough, diastolic dysfunc-
tion, elevated C-reactive protein at the one-year follow-up as well as
rehabilitation during COVID-19 recovery, respiratory comorbidity and
body weight class. In uni-variable analysis, PSS number, fatigue scoring
and significant fatigue, reduced performance, hair loss, rehabilitation
and respiratory comorbidity were significantly associated with
increased emotion/concern/consequences scores (Fig. 4).

Age, gender, or abnormalities in chest computed tomography or lung
function testing, or diastolic dysfunction alone had no significant effects
on total IP or its components in uni-variable analysis (Supplementary
Figs. S12 - S13). However, lung abnormalities in computed tomography
at the one-year follow-up amplified the effects of diastolic dysfunction,
fatigue and fatigue rating on total IP and the emotion/concern/conse-
quences component, as revealed by significant interactions in two-way
ANOVA. In particular, individuals with concomitant diastolic dysfunc-
tion plus lung computed tomography abnormalities or with high fatigue
scoring plus lung computed tomography abnormalities displayed
significantly higher emotion/concern/consequences scores than partic-
ipants without lung computed tomography findings. Similar interaction
effects of lung function testing deficits, fatigue and symptom numbers
and of diastolic dysfunction and fatigue were discerned as well (Sup-
plementary Figs. S14 - $16). Participants with respiratory comorbid-
ities had significantly elevated fatigue scores, lung function testing
abnormality rates, total IP and emotion/concern/consequences ratings
as compared with the remaining collective. This may suggest additional
interaction effects of respiratory conditions, lung function testing defi-
cits and persistent fatigue on IP (Supplementary Table S7).

3.4. Illness perception clusters

IP patterns were investigated by unsupervised clustering of the study
participants in respect to the BIPQ items. Among several algorithms
tested, partition aroud medoids with Euclidean distance [57,58]
demonstrated the best reproducibility [59] and good explanatory

The total illness perception (IP) score (sum of all BIPQ items), emotion/concern/consequences IP component score (sum of items 1, 2, 5, 6 and 8), lacking control/
coherence IP component score (sum of items 3, 4 and 7) and values of single Brief Illness Perception Questionnaire items (BIPQ, Q1 - Q8) at one year after COVID-19.

Values are presented as medians with interquartile ranges (IQR).

Variable Cohort Ambulatory COVID-19  Moderate COVID-19  Severe COVID-19  Significance®  Effect size”
n, participants 74 15 40 19

Suoum miuwel Dl BGLEO LG g
Emotion/concern/consequences (BIPQ Q1/2/5/6/8) ?aEngioi—‘;S] ::n;Ite;7 3;15—17] faEngRO i—‘;Z] ::ngte(’; 255—30] p=.03 12 = 0.071
Lacking control/coherence (BIPQ Q3/4/7) :fnggf({)i_gglﬂ fal[:;f{:ifo—22] ::ngte;_ 268—18] rSaLIngRO ?1:32] ns (p = .07) 12 = 0.045
Consequences (BIPQ Q1) :aI[IIgQ;RO(jIgS] 1i“[llg(iR() i;B.S] :aI[IIngRo?I(z)] faggel}ioi;ﬂ p—.01 12 = 0.001
Shewin  Mowin wasn S Lo oo
Lacking treatment control (BIPQ Q4) igg%lflo?.lZOS—G.S] 1iu[-‘IgCiRo ?.150—9] faE;Roig] :aH;RO(jI?)S] ns (p — .22) 2 = 0.014
Mowisn  dwies dwes S L, i oo
owosn  lwes  Mwes  Sess oo

2 COVID-19 severity strata comparison; Kruskal-Wallis test with 12 effect size statistic.
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ElasticNet LASSO Bayesian LASSO variables: n = 56, observations: n = 74

Fig. 2. Key factors associated with illness perception one year after COVID-19.

The total illness perception (IP) score (A) and the emotion/concern/consequences IP component score (B) at the one-year follow-up were modeled as a function of 56
candidate explanatory variables by Elastic Net, LASSO and Bayesian LASSO. Key factors for the total IP score and emotion/concern/consequences component score
were identified as variables with non-zero coefficients in all three models. Key factor numbers identified by each algorithm are presented as quasi-proportional Venn
diagrams. The key factors are listed next to the diagrams. CFS: Chalder’s fatigue score; reduced performance: Eastern Cooperative Oncology Group (ECOG) > 1; #
PSS: number of persistent somatic symptoms at the one-year follow-up; CRP: C-reactive protein.

Number of PSS Reduced performance (ECOG 2 1) Fatigue score (likert CFS)
n?=.24, p <.001 r=.43, p <.001 p=.58,p<.001,n=74
60 4 60 4 60 4
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n=21 n=14 n=22 n=17 n =48 n =26
# PSS Reduced performance Fatigue score (likert CFS)

Fig. 3. Persistent somatic symptom number, reduced physical performance, fatigue and the total illness perception scoring.

Association of the total illness perception (IP) score with persistent somatic symptom number (PSS), reduced physical performance and fatigue scoring at the one-year
follow-up. Statistical significance was determined by Kruskal-Wallis test with n? effect size statistic (symptom number), Mann-Whitney test with r effect size statistic
(reduced performance) and Spearman’s correlation (fatigue scoring). The total IP scores in the persistent somatic symptom number or physical performance strata are
presented in violin plots; single observations are depicted as points, red diamonds with whiskers represent medians with interquartile ranges. The correlation with
fatigue scoring is presented in a point plot; the blue line represents the fitted second-order trend and the gray ribbon depicts the 95% confidence intervals. Effect size
statistic and p values are indicated in the plot captions. Numbers of complete observations are displayed in the plot captions or in the plot X axes. # PSS: number of
persistent somatic symptoms at the one-year follow-up; CFS: Chalder’s fatigue score; ECOG: Eastern Cooperative Oncology Group.

performance and was hence used for definition of three IP clusters consequence components and low emotion/concern/consequences IP

(Supplementary Fig. $17). Roughly half of participants assigned to the
cluster #1 displayed low scores for each BIPQ item. This translated to
low total IP severity, and low scoring of the emotion/concern/conse-
quences and lacking control/coherence IP components. Another 27% of
participants assigned to the cluster #2 were characterized by low self-
perceived personal or treatment control but also by low rating of the
concern, identity, timeline, consequences and emotional representation
items. As a result, the maximum scores of the lacking control/

component scores were observed in the cluster #2. Cluster #3 in-
dividuals (22% of participants) had highly elevated rating of the
concern, identity, timeline, consequences and emotional representation
items as compared with the clusters #1 and #2. As a result, the cluster
#3 displayed the highest total IP severity, and the highest emotion/
concern/consequence ratings. In turn, the scoring of the lacking control/
coherence IP component was low, suggestive of good understanding of
the disease and trust in therapy or personal control of COVID-19
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Fig. 4. Key factors influencing the emotional representation,/concern /consequences component of illness perception.

Association of the total emotion/concern/consequences IP component score at the one-year follow-up with persistent somatic symptoms (A), rehabilitation status,
cardiological and inflammatory abnormalities (B), and respiratory comorbidity and body weight (C). Statistical significance was assessed by Kruskal-Wallis test with
n? effect size statistic (number of symptoms), Spearman’s correlation (fatigue scoring) and Mann-Whitney test with r effect size statistic (remaining independent
variables).The correlation with fatigue scoring is presented in a point plot; the blue line represents the fitted second-order trend and the gray ribbon depicts the 95%
confidence intervals. For the remaining independent variables, the score values are presented in violin plots with single observations depicted as points, and red
diamonds and whiskers representing medians with interquartile ranges. Effect size statistic and p values are indicated in the plot captions. Numbers of complete
observations are displayed in the plot captions or in the plot X axes. # PSS: number of persistent somatic symptoms at the one-year follow-up, CFS: Chalder’s fatigue
score; ECOG: Eastern Cooperative Oncology Group; CRP: serum C-reactive protein.

sequelae (Fig. 5). Effect sizes of differences in total IP and its compo- lacking control/coherence: n? = 0.49, p < .001).

nents between the IP clusters were large (Kruskal-Wallis test, total IP: n2 The cluster #1 individuals tended towards the lowest rates of

= 0.56, p < .001, emotion/concern/consequences: nz = 0.56, p < .001, smoking, metabolic and respiratory comorbidities (Supplementary
A
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Fig. 5. Clusters of illness perception.

Three subsets of study participants (illness perception [IP] clusters) were identified by clustering in respect to the Brief Illness Perception Questionnaire items (BIPQ,
Q1 - Q8) with the partitioning around medoids algorithm and Euclidean distance metric. Numbers of observations assigned to the clusters are displayed next to the
plots or in the plot X axes.

(A) Mean BIPQ item scores at one year after COVID-19 in the IP clusters. Statistical significance was determined by Kruskal-Wallis test. P values are indicated below
the item names. Lines represent mean values, tinted ribbons depict 2 x SEM (standard error of the mean) intervals.

(B) The total IP score, emotion/concern/consequences and the lacking control/coherence IP component scores in the IP clusters. Statistical significance was
determined by Kruskal-Wallis test with 1 effect size statistic. Response values are presented in violin plots. Points represent single observations. Red diamonds and
whiskers depict medians and interquartile ranges. Effect size statistic and p values are indicated in the plot captions.
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Table S8). In the cluster #2 the lowest acute COVID-19 severity, rates of
rehabilitation and lung computed tomography abnormality grades were
observed. The cluster #2 tended also towards the lowest frequency of
diastolic dysfunction. By contrast, in the cluster #3 affected by disease-
related concerns, the frequency of severe COVID-19, COVID-19-specific
rehabilitation rate, chest computed tomography finding severity and

Journal of Psychosomatic Research 169 (2023) 111234

PSS frequency at the one-year follow-up were the highest (Fig. 6). In
particular, cluster #3 individuals suffered from protracted fatigue,
reduced physical performance, dyspnea and sleep problems to the
highest extend, and hair loss and gastrointestinal complaints were
observed solely in the cluster #3. Consequently, the PSS number and
fatigue scoring peaked in the cluster #3. PSS frequencies and intensity

A
COVID-19 severity WHO COVID-19 severity Rehabilitation
V=.23,ns(p=.11) n?=.058, p =.048 V =.35,p=.01
100 1 o 7 100 1
> b5 R
T 751 § 6 Vi o\h 754
> c
) @54 K]
(2] ‘T =
= 501 a £ 50
g 34 2
3 25 4 o G 25 4
8 % 34 14
01 = 21 0
#1 #2 #3 #1 #2 #3 #1 #2 #3
n=38 n=20 n=16 n=38 n=20 n=16 n=38 n=20 n=16
IP cluster IP cluster IP cluster
SR M-
B _ c ,
COVID-19 sequelae in IP clusters CT severity score
n?=.09, p=.02
© T -
BS? o
[Z2]
=
—_D Q54
Tor @»
- R EI:
o #14 - o7
3 01 :
© #2 #3
ESNS)
g
#2 1 _ TS558
22

~
[6,]

50
% of cluster

o4
N
[$)]

|:| absent . present

100

#1:n=38,#2:n=20,#3:n=16

Fig. 6. Course of COVID-19, rehabilitation and one-year follow-up sequelae of COVID-19 in the illness perception clusters.

COVID-19 severity and post-COVID-19 rehabilitation status (A), persistent somatic symptom and cardiopulmonary abnormality rates (B) and chest computed to-
mography abnormality severity (C) in the illness perception (IP) clusters. Statistical significance was assessed by Kruskal-Wallis test with 12 effect size statistic
(numeric variables) or by y? test with Cramer V effect size statistic (categorical variables). Numeric variable values are presented in violin plots with single ob-
servations depicted as points, and red diamonds and whiskers representing medians with interquartile ranges. Categorical variable strata frequencies expressed as
percentages within the IP cluster are presented in stack plots. Effect size statistic and p values are indicated in the plot captions or plot facets. Numbers of obser-
vations assigned to the clusters are displayed below the plots or in the plot X axes. A, HM, HS: ambulatory, hospitalized moderate and hospitalized severe acute
COVID-19, PSS: persistent somatic symptoms, WHO COVID-19 severity: WHO ordinal scale for clinical improvement; LFT: lung function testing; CT: chest

computed tomography.
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were comparable in the clusters #1 and #2 (Fig. 7).

Generally, differences between the IP clusters in PSS readouts like
PSS number (Kruskal-Wallis test: n2 = 0.31, p < .001), fatigue rating (12
= 0.34, p < .001), significant fatigue (42 test: V = 0.57, p < .001), sleep
problems (V = 0.36, p = .008) or hair loss (V = 0.57, p < .001) and
differences in rehabilitation rates (V = 0.35, p = .01) were of moderate-
to-large effect size. Effects of differences in lung computed tomography
abnormality (V = 0.25, ns (p = .10)), chest computed tomography ab-
normality scoring (n? = 0.09, p = .02), lung function testing deficits (V
= 0.25, ns (p = .10)) or diastolic dysfunction (V = 0.24, ns (p = .12))
were substantially weaker (Supplementary Table S8).

4. Discussion

In our observational collective affected by PSS or abnormalities in
cardiopulmonary tests one year after COVID-19, two IP facets were
identified: an emotion/concern/consequences component, and a lacking
control/coherence component. By multi-parameter modeling, we
established signatures of total IP and the emotion/concern/conse-
quences IP component. They included reduced physical performance,
fatigue intensity and PSS number. The emotions/concerns/conse-
quences IP component correlated additionally with significant fatigue,
hair loss, COVID-19-specific rehabilitation, respiratory comorbidity,
and, to a lesser degree, with diastolic dysfunction, elevated levels of the
inflammatory marker C-reactive protein and obesity. Three IP clusters of
study participants were identified based on the BIPQ items. Differences
between the IP clusters in PPS readouts such as PSS number, fatigue
rating or sleep problems were much more pronounced than differing
rates of lung and heart abnormalities in computed tomography, lung
function testing or echocardiography.

We identified fatigue, a leading persistent COVID-19 manifestation
[2,7,10,11,21] as a strong covariate of total IP severity and the emotion/
concern/consequences IP component. Similar effects were described in
arthritis [17], hematological malignancy [60], and recently in post-
COVID-19 condition [21]. Physical performance was found to be
another key factor of IP and its emotion/concern/consequences
component, in line with findings in hospitalized COVID-19 survivors,
where reduced mobility was paralleled by anxiety and depression signs
[9]. Objective readouts of good physical fitness in turn correlated with
shorter symptom duration, lower PSS count, less fatigue and improved
mental health in ambulatory COVID-19 patients [61]. Hair loss belongs
to the most frequent post-COVID-19 condition manifestations [2,11,61]
and may result from psychological stress and/or inflammation [62].
Hair loss, along with C-reactive protein, was linked by us with the
emotion/concern/consequences [P component and may reflect an
interplay between protracted inflammation and deteriorated mental
health. Post-COVID-19 condition encompasses various respiratory
symptoms [1,2,4,7,10,11,21]. In addition, COVID-19 was found to
exacerbate symptoms and worsen disease control in asthma [63]. In our
collective, respiratory comorbidity was associated with the emotion/
concern/consequences IP component, higher fatigue rating and lung
function testing abnormalities. Such superimposed subjective fatigue
feeling and objective lung function deficits may explain more severe IP
in individuals with respiratory comorbidity. We proposed PSS count as a
strong covariate of IP severity and the emotion/concern/consequences
IP component. In line with literature evidence [2,10,11,19], signifi-
cantly more PSS at the one-year follow-up were discerned in females
than male participants. However, IP rating was comparable between the
genders. This may be explained by the less severe COVID-19 and less
lung computed tomography abnormalities in females. Interestingly, we
observed significant super-additive effects of fatigue, reduced physical
performance plus lung computed tomography abnormalities on IP. Since
pulmonary computed tomography findings affected nearly 75% of male
participants, these interactions may influence IP in a male-specific
manner and compensate for the higher PSS burden in females.

No explanatory factors affecting the lacking control/coherence IP
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component were identified by any of the modeling algorithms. This may
reflect two non-exclusive phenomena. First, the internal consistency of
the lacking control/coherence component was remarkably lower than
consistency of the BIPQ tool or the emotion/concern/consequences
component. This low reliability may attenuate observed associations
[64] and hence obscure true effects of e.g. persistent somatic symptoms
or cardiopulmonary findings on the lacking control/coherence compo-
nent of IP. Second, the lacking control/coherence component covering
cognitive IP aspects [30] may be influenced primarily by COVID-19-
independent factors such as socioeconomic background, education
level or follow-up care. Low socioeconomic status was proposed as a risk
factor of post-COVID-19 condition [65] and can affect IP measured by
BIPQ [66].

We identified three clusters of participants differing in key IP com-
ponents. The cluster #1 encompassing roughly half of the participants
displayed low total IP severity, good self-perceived coherence, personal
and treatment control paralleled by low PSS rates. Another 27% of
participants assigned to the cluster #2 enriched in moderate COVID-19
survivors with the lowest grade of lung computed tomography abnor-
malities showed a similarly low levels of PSS or fatigue. Yet their IP was
hallmarked by poor disease understanding and disbelief in personal or
treatment control. By contrast, the cluster #3 individuals suffered from
multiple PSS such as significant fatigue, sleep problems, physical per-
formance deficits or hair loss, had the highest rehabilitation rate and
tended to have more residual lung lesions and severe acute COVID-19
course. Their IP was characterized by high severity of the emotion/
concern/consequences IP component and, paradoxically, good coher-
ence and belief in disease control. Emotional IP dimensions were
correlated with shame, guilt, stress, depression and anxiety both in the
general population during the pandemic [39] and COVID-19
[21,40-42]. Cluster #3 individuals may be at particular risk of
COVID-19-related mental disorders and may profit most from psycho-
logical and psychiatric interventions, i.e. aiming at IP improvement
[67]. Of note, differences in PSS and rehabilitation frequencies between
the IP clusters were way stronger than differences in cardiopulmonary
abnormalities, which corroborates our modeling results. Rehabilitation
associated by us with high emotion/concern/consequences IP scoring
may reflect physical and social disability following COVID-19. However,
rehabilitation might have helped cluster #3 individuals to understand
the disease and foster trust in treatment and personal control. As
inferred from high rates of smoking, metabolic and respiratory comor-
bidities, the clusters #2 and #3 may include patients with lower so-
cioeconomic status, which likely contributed to the more severe IP in
these two subsets [65,66].

Collectively, we demonstrate an important effect of PSS on severity
and quality of IP at the one-year follow-up which was found to outweigh
the effects of objective lung and heart abnormalities. Yet, our data
suggests that particular PSS such as fatigue or physical performance loss
may be amplified by cardiopulmonary sequelae at shaping negative IP.
Mounting evidence suggests that post-COVID-19 condition occurs
independently of COVID-19 severity, cardiopulmonary findings,
biochemical and immunity markers [4,19], and proposes demographic,
acute disease-related [2,10,11,19], mental health and mental stress
[5,6,19,22] as explanatory factors. Hence, a positive feedback between
IP, mental health and PSS may contribute to post-COVID-19 syndrome
[5,19,21] in analogy to somatic symptom disorders [23,68,69]. Addi-
tionally, IP may be affected by comorbidities, SARS-CoV-2-independent
somatic symptoms, social and economic consequences of the pandemic
[24-26,28,29]. The symptom kinetics in our cohort [4,13] showed an
early rapid recovery followed by a plateau and/or relapse at 3-12
months after COVID-19. This indicates acute SARS-CoV-2 infection as a
likely trigger and reflects pathogen clearance in early convalescence.
Yet, it is likely that COVID-19-independent factors contribute to the
stalled PSS recovery and recurrence during later convalescence.

Our study bears limitations. The most important one is the low
participant number and substantial dropout due to missing follow-up
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Fig. 7. Persistent somatic symptoms at the one-year follow-up in the illness perception clusters.

(A) Frequencies of persistent somatic symptoms (PSS) in the illness perception (IP) clusters. Statistical significance was determined by y? test. Percentages of in-
dividuals with and without the specific PSS within the IP cluster are presented in a stack plot. Significance is indicated next in the plot facets. Numbers of complete
observations are displayed next to the plot. bi. CFS: bimodal Chalder’s fatigue score; reduced performance: ECOG (Eastern Cooperative Oncology Group) > 1.
(B) Numbers of PSS and fatigue scoring in the IP clusters. Statistical significance was determined by Kruskal-Wallis test with n? effect size statistic. Response values
are presented in violin plots. Points represent single observations. Red diamonds and whiskers depict medians and interquartile ranges. Effect size statistic and p
values are indicated in the plot captions. CFS: Chalder’s fatigue score; # PSS: number of persistent somatic symptoms.
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visits and the BIPQ answers. This limitation was partly addressed by the
regularized regression modeling methodology described as robust in low
power, high dimension datasets [54,55]. Yet the IP clusters require
validation in a larger collective. As inferred from the substantially lower
severity COVID-19 severity in excluded individuals, the analysis inclu-
sion process may have resulted in a selection bias towards moderate-to-
severe COVID-19. Furthermore, longitudinal IP rating or a general
population control [19,36,37,39,70] would allow us to assess temporal
IP changes during recovery, IP-influencing factors at consecutive time
points and disease-independent effects [24,25,29]. The study collective
was recruited during the first outbreak of wild-type SARS-CoV-2. We
were hence unable to assess the effects of improved treatment, preven-
tion and vaccination [38], and of virus variants differing in pathoge-
nicity and symptom spectrum. The study variable set lacks potentially
vital parameters for IP such as family status, education and COVID-19
knowledge [27], media consumption [28], quarantine duration [42]
and socioeconomic status [65]. At design of our study initially concep-
tualized as a cardiopulmonary observation cohort [1], the multi-organ
spectrum of COVID-19 symptoms was unknown. For this reason, mul-
tiple PSS of relevance for mental health and IP like neuro-cognitive
symptoms [5,11,21] were not surveyed.

5. Conclusion

One year after COVID, persistent somatic symptoms such as fatigue
or physical performance loss impact on severity and quality of IP to a
higher degree than lung and heart abnormalities revealed by a system-
atic clinical assessment. Hence, besides COVID-19 severity, individual IP
should be addressed when allocating rehabilitation, psychological or
psychiatric resources. Interventions addressing specifically unhelpful IP
are a promising approach in treatment of post-COVID-19 condition.
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