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ABSTRACT
Background:  After COVID-19 infection, long-term impacts on functioning may occur. We studied 
the functioning of patients with post-COVID-19 condition (PCC) and compared them to controls 
without PCC.
Methods:  This cross-sectional study consisted of 442 patients with PCC referred to rehabilitation 
at the Helsinki University Hospital (HUS) Outpatient Clinic for the Long-Term Effects of COVID-19, 
and 198 controls without PCC. Functioning was assessed with a questionnaire including WHODAS 
2.0. Patients underwent physical testing including a hand grip strength test (HGST) and a 6-minute 
walking test (6MWT). Lifestyle was assessed by questionnaire and comorbidities were collected as 
ICD-10 codes from the HUS Data Lake on the HUS Acamedic platform.
Results:  The WHODAS 2.0 average total score was 34 (SD 18) (moderate functional limitation) for 
patients with PCC and 6 (SD 8) (normal or mild limitation) for the controls. The disability was 
higher in all aspects of WHODAS 2.0 in patients with PCC. Bivariate binomial and multivariable 
regression analyses showed that the presence of comorbidities, anxiety, depression, and smoking 
predicted a WHODAS 2.0 score of 24 (moderate functional limitation) or above in the PCC group. 
The average 6MWT distance was 435 m (SD 98 m) in patients with PCC and 627 m (SD 70 m) in 
controls. HGST measurements showed no significant differences from controls.
Conclusions:  In conclusion, patients with PCC had significantly reduced functioning based on 
WHODAS 2.0 scores and the 6MWT results. Comorbidities, anxiety, depression, and smoking were 
associated with moderate or severe limitations in functioning. Findings support that PCC is 
multifactorial and requires a holistic approach to rehabilitation.

KEY POINTS
•	 The post-COVID-19 condition (PCC) has been shown to negatively impact functioning, quality 

of life, and mental health, with cognitive and physical impairments being prevalent.
•	 This study found that patients with PCC had significantly reduced functioning compared to 

controls.
•	 Key factors predicting severe disability included comorbidities, smoking, and mental health 

issues like anxiety and depression.
•	 The reduced functioning in patients with PCC appears to be multifactorial and not only related 

to COVID-19 infection.

Introduction

Post-COVID-19 condition (PCC) can affect people’s 
functioning in many ways. By WHO, PCC is defined as 
the continuation or development of new symptoms 
3 months after the initial COVID-19 infection, with 
these symptoms lasting for at least 2 months with no 

other explanation [1]. Previous studies of patients with 
PCC have shown a reduction in functioning and 
Health-Related Quality of Life (HRQoL) [2–5], and cog-
nitive deficits [6,7]. Depressive symptoms after the ini-
tial COVID-19 infection are common [8]. Sleep disorders 
were common during the pandemic in COVID-19 
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patients, healthcare personnel, and the general popu-
lation [9]. Returning to previous health may be delayed 
[10]. The pandemic led to a high mental health bur-
den, especially among healthcare personnel, and 
higher suicidal ideation and lower well-being in the 
general population [11]. Also, during the pandemic, 
the physical activity of many people decreased [12] 
while the demands of work may have increased [13].

The concept of International Classification of 
Functioning, Disability and Health (ICF) provides a 
framework to address physical and psychosocial 
impairments, limitations to activities, and restrictions 
to participation [14]. The ICF conceptualizes a person’s 
level of functioning as a dynamic interaction between 
her or his health conditions, environmental factors, 
and personal factors. It is a biopsychosocial model of 
disability, based on an integration of the social and 
medical models of disability. Overall, the ICF model 
provides a comprehensive framework that can assist 
healthcare professionals in understanding and address-
ing the impacts and different aspects of PCC on an 
individual’s life. WHO Disability Assessment Schedule 
2.0 (WHODAS 2.0) is a generic and standardized tool 
for measuring health and disability at both population 
and individual levels. It evaluates an individual’s func-
tioning in six domains of the ICF including cognition, 
mobility, self-care, getting along, life activities, and 
participation [15]. Previous studies using WHODAS 2.0 
have shown reduced functioning after COVID-19 based 
on HRQoL measures [16–19].

There are several possibilities for measuring the 
effects of physical functioning in patients with PCC. 
The ability to walk for a distance is a quick and inex-
pensive measure of physical functioning, and an 
important component of quality of life since it reflects 
the capacity to undertake day-to-day activities [20]. 
The distance of the 6-minute walk test (6MWT) has 
been lower in the PCC cohorts [21]. Studies have 
shown the predictive potential of the hand grip 
strength test (HGST) regarding short and long-term 
mortality and morbidity [22,23]. Studies concerning 
HGST measurements in patients with PCC are still 
scarce [24,25].

So far, descriptions of functioning in COVID-19 have 
mainly focused on patients after hospitalization or 
intensive care. The current study aimed to evaluate 
patients after mild or moderate primary COVID-19 
infection referred from primary healthcare to gain a 
deeper understanding of their needs, and the chal-
lenges they face in terms of functioning, and to derive 
insights that would guide their rehabilitation process. 
We studied the functioning of PCC patients at Finland’s 
only PCC clinic. Because patients with PCC have 

experienced strong subjective symptoms and limita-
tions in their functioning we hypothesized them to 
exhibit significant reductions in physical functioning 
and HRQoL compared with subjects without PCC 
symptoms.

Material and methods

This is a cross-sectional study of patients with PCC 
referred to rehabilitation at the Outpatient Clinic for 
Persistent Symptom Rehabilitation, formerly known as 
the Outpatient Clinic for the Long-Term Effects of 
COVID-19, at Helsinki University Hospital (HUS), Finland. 
The recruitment period was 1.6.2021-18.10.2023. The 
patients admitted to the clinic presented cases of the 
more severe and prolonged spectrum of persistent 
symptoms after a mild or moderate home-treated pri-
mary COVID-19 infection. Patients were referred mostly 
from primary health care, and less often from other uni-
versity hospital clinics. All subjects who agreed to partic-
ipate and met the inclusion criteria were prospectively 
recruited. The inclusion and exclusion criteria of the 
study PCC patients are presented in Table 1. Methods are 
described in more detail in the protocol paper [26]. A 
total of 627 individuals were assessed for eligibility to 
participate in the study. Of these, 185 individuals were 
excluded for reasons such as declining participation, lack 
of language skills, or being too unwell to participate. 
Finally, 442 PCC patients were included in the study.

Control subjects were initially gathered from two 
separate studies. We first recruited voluntary controls 
from another clinical study at HUS, which assessed 
symptoms associated with PCC in individuals who 
tested either positive or negative for COVID-19 [27]. 
From this study, we included individuals who tested 
negative for COVID-19. Secondly, we recruited addi-
tional controls through a social media campaign orga-
nized by the Finnish Institute of Occupational Health, 
focusing on an ongoing study about PCC and work 
capacity in working-age individuals. In this study, par-
ticipants included were those who had either 

Table 1. I nclusion and exclusion criteria of the post-COVID-19 
condition patients.
The inclusion criteria The exclusion criteria

Age ≥18 years, referred to the 
Clinic for Long-Term Effects of 
COVID-19 either from other 
hospital units or primary care

Patients not able to fill out the 
forms in Finnish.

COVID-19 diagnosis ≥3 months 
earlier (confirmed by PCR or 
antibody testing)

Participation in the study would be 
unreasonably inconvenient (e.g. 
patients on bed rest).

Willingness to be enrolled in the 
study, by signing the informed 
consent.
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recovered from COVID-19 within three months without 
prolonged symptoms or had not knowingly had 
COVID-19 at the time of their recruitment and evalua-
tion. Finally, personal contacts of clinic staff who did 
not exhibit PCC symptoms were invited to participate 
in the study. All controls were matched by age, gen-
der, and the timing of infection to reflect the COVID-19 
variant that was prevalent at the time.

Registration details Protocol version (1.0) and trial 
registration data have been registered at www.
clinicaltrials.gov (NCT05699512). We followed the 
STROBE guidelines for cross-sectional studies in the 
writing process of this article (Table S1).

Questionnaires and register data

Participants were asked to complete a questionnaire 
detailing their weight (kg), height (cm), employment 
status (yes/no), tertiary education (yes/no), living alone 
(yes/no), smoking (yes/no), and weekly rigorous exer-
cise (yes/no) and duration of COVID symptoms (only in 
PCC patients).

The patient-reported outcome measures (PROMs) 
were assessed by a questionnaire. The initial survey 
included the WHODAS 2.0 (WHO Disability Assessment 
Schedule 2.0), comprising 36 questions across six 
domains: cognition, mobility, self-care, getting along, life 
activities, and participation [15]. In WHODAS 2.0, scores 
ranging from 0 to 4 indicate no limitations in functioning 
while scores from 5 to 24 reflect mild functional limita-
tion, 25-49 indicates moderate limitation, 50–95 indicates 
severe limitation, and 96–100 indicates extreme limita-
tion. A person is asked to consider functioning in the 
period of past 30 days. Furthermore, patients were 
requested to assess their functional ability on a scale 
from 0 (‘completely non-functional’) to 10 (‘excellent’).

Data on comorbidities and depressive medications 
(yes/no) and confirmed hospitalization and intensive 
care during acute COVID-19 (yes/no) were collected 
electronically from the patients’ healthcare data during 
the previous five years. It covered data from the ter-
tiary care center (Helsinki University Hospital, HUS) and 
primary care consultations in HUS acute departments. 
Other primary healthcare data (public or private) or 
occupational healthcare data was not possible to be 
included. Data on valid prescriptions was gathered at 
the time of the visit to the clinic from the HUS Data 
Lake on the HUS Acamedic platform.

Clinical evaluation

A physician conducted a clinical examination of all 
patients visiting the outpatient clinic. Recognized 

complications associated with acute COVID-19 infec-
tions, such as pulmonary fibrosis and intensive care 
myopathy, were managed in specialized hospital units 
(pulmonology and internal medicine). Although, they 
were not typical findings in patients of this study. 
Before referral to the rehabilitation clinic, other poten-
tial or obvious conditions that could explicitly explain 
the symptoms were systematically ruled out. The clin-
ic’s physician (GP or occupational health physician) 
evaluated, whether symptoms could be explained by 
the patient’s known comorbidities. The physiotherapist 
measured the blood pressure (mmHg).

Physical function tests

The testing was conducted under the supervision of 
the Clinic’s physiotherapist and encompassed various 
assessments. These included measuring dominant 
hand grip strength test (HGST) in kilograms (kg) using 
a Jamar/Saehan baseline hand dynamometer [28]. The 
measuring of HGS was performed three times, and the 
value of the best effort was taken into the statistical 
analysis. Additionally, a 6-minute walking test (6MWT) 
in meters (m) was conducted [20].

Ethical approval and consent to participate

The study received approval from the Helsinki 
University Hospital research ethics committee board 
under ID HUS/1493/2021 on 06-03-2021. All partici-
pants in the study provided written informed consent 
for their participation.

Data analysis

Survey data was collected in the Helsinki University 
Hospital Electronic Case Report Form (HUSeCRF), from 
paper and online surveys. It was merged with registry 
and clinical measurement data gathered from the HUS 
Data Lake on the HUS Acamedic platform. In all anal-
yses, the level of significance was set at p < 0.05. The 
statistical analyses were carried out using R statistical 
computing environment version 4.2.3 (R Core Team, 
2016. R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, 
Vienna, Austria. URL https://www.R-project.org/). R 
packages ggplot2 and kableExtra were used for 
visualization.

Demographic parameters, along with the total and 
subdomain scores (mean (SD/(%)) of WHODAS 2.0, 
HGST, and 6MWT, were computed and reported. 
Differences between PCC patients and control subjects 

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
https://doi.org/10.1080/02813432.2024.2410986
https://www.R-project.org/
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were calculated with the Kruskal-Wallis test for contin-
uous, and the chi-squared test for discrete variables. In 
all analyses, the level of significance was set at p < 0.05.

Bivariate binomial and multivariable regression anal-
yses were conducted to assess personal and environ-
mental factors predicting above or below WHODAS 2.0 
score 24 in PCC group. Generally, 24 is considered as 
the limit of mild and moderate deficit in functioning in 
WHODAS 2.0 [15]. We also assessed the linear relations 
between the WHODAS 2.0 score and reference-adjusted 
functioning measurements (HGST and 6MWT) [20,29].

We used a chi-squared test for each variable anal-
ysed in logistic regression with WHODAS to assess 
whether missingness was associated with WHODAS 
score above/below 24. No evidence of effects on miss-
ingness was found.

Results

The baseline characteristics of study participants are 
described in Table 2. When comparing the characteris-
tics of individuals with PCC to control subjects, there 
were no significant differences in terms of age, gender, 
height, mass, BMI, and systolic blood pressure. 
Employment rates were lower in the PCC group 
(p < 0.001), and a smaller proportion of this group 
reported engagement in weekly vigorous exercise 
(p < 0.001). Living alone and smoking habits did not 
differ significantly between the groups.

The PCC group had a higher mean number of 
comorbidities (p < 0.001) and use of depression medi-
cations (p = 0.001), and they were more likely to have 
confirmed hospitalization (8,5%, p = 0.002) and inten-
sive care during acute COVID-19 (4,1%, p = 0.008). 
Health conditions such as asthma, anxiety disorder, 
hypertension, depression, migraine and hypothyroid-
ism were all more prevalent in the PCC group, with 
statistical significance ranging from p < 0.001 for 
asthma to p = 0.049 for migraine.

WHODAS 2.0 scores revealed that the PCC group 
experienced greater impairments, with higher mean 
scores indicating worse functionality in all domains 
(p < 0.001) (Table 2 and Figure 1). PCC patients reported 
moderate or severe limitations in all aspects of func-
tioning, particularly in life activities at home and work, 
and in participation (Figure 1). The functional ability of 
patients with PCC was 4.8 on a scale of 0–10, indicat-
ing significant functional impairments, while controls 
rated their functioning at 8.7.

The PCC group exhibited a substantially reduced 
walking distance in the 6MWT compared to the con-
trol group (Table 2). The PCC group and the control 
group did not show a significant difference in HGST.

In the multinomial regression models, factors pre-
dicting moderate or severe disability according to 
WHODAS 2.0 (score of 24 or more) were one comor-
bidity (OR 1.9, CI 1.1-3.2), two or more comorbidities 
(OR 2.6, CI 1.5-4.5), smoking (OR 3.9, CI 1.3-16.5), anxi-
ety disorder (OR 3.4, CI 1.4-10.2) and depression OR 
3.4 (CI 1-7.4) (Table 3).

The scatter plots and linear correlations reveal that 
subjective measures of functional ability, as assessed 
by WHODAS 2.0 scores, do not effectively predict the 
results of physical performance tests (HGST and 6MWT) 
(Figure 2). We also performed adjusted multivariate 
analyses with age, sex, hospitalization, and treatment 
in the intensive care unit, but they did not significantly 
change the results.

Discussion

We found that the functioning of patients with PCC 
was significantly decreased compared to controls with-
out PCC. Results in WHODAS 2.0 and the 6MWT were 
weaker in the PCC group than among controls. Key 
predictors of severe disability included the presence of 
multiple comorbidities, smoking, and mental health 
conditions like anxiety and depression in the 
PCC group.

Patient-reported outcome measures

According to WHODAS 2.0, patients with PCC had dif-
ficulties in all dimensions of functioning. Especially the 
life activities in the household, work, and participation 
were impaired. Results were similar to those of sub-
jects with mental health problems and physical prob-
lems in WHO’s WHODAS 2.0 background materials [15]. 
Our observations, where the average WHODAS scores 
significantly exceed the 24-point threshold, further 
emphasize that functional limitations are particularly 
significant in life activities at home and work, as well 
as in social participation. This consistency suggests 
that WHODAS 2.0 is an effective tool for documenting 
and comparing the extensive impact of functional lim-
itations caused by PCC across various studies. As 
depicted by WHODAS 2.0, patients with PCC presented 
similar findings with a scale of 0-10 compared to con-
trols, 4.8 versus 8.7.

Patients with PCC had more comorbid diseases such 
as asthma, diabetes, migraine, depression, hyperten-
sion, and anxiety disorder than controls. Most of them 
had had at least one chronic comorbidity before their 
COVID-19 infection. The socioeconomic status and 
educational level were also lower in the PCC group 
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compared to controls. In our bivariate binomial regres-
sion analysis, we found that factors predicting moder-
ate or severe disability (WHODAS 2.0 score 24 or more) 
were the presence of comorbidities, smoking, depres-
sion, and anxiety disorder.

WHODAS 2.0 has lately been adopted as a national 
quality indicator in Finland. It gives a comprehensive 
picture of the patient’s ability to function in different 
areas of life and might reveal areas in which the reha-
bilitation process in conditions like PCC should focus. 
However, so far WHODAS 2.0 is still poorly known 
among GPs and therefore underused in Finnish pri-
mary health care. However, it would have the potential 

to find rehabilitation targets earlier and with fewer 
resources, also in patients with PCC. On the other 
hand, subjective measures of functional ability, as 
assessed by WHODAS 2.0 scores, do not effectively 
predict the results of physical performance tests. This 
suggests that WHODAS 2.0 scores and objective phys-
ical performance tests HGST and 6MWT assess differ-
ent aspects of health and functioning.

Physical function tests

The effects of PCC on physical performance have been 
examined in various studies using standardized 

Table 2. C haracteristics of post-COVID-19 condition (PCC) (n = 442) and control subjects (n = 198).

Parameters
Number of subjects 

(PCC/control) PCC Control P-value#

Age (years) Mean (SD) 442/198 44.8 (11.3) 44.9 (10.5) 0.65
Female, N (%) 442/198 312(70.6) 150(75.8) 0.20
Height (cm) Mean (SD) 426/193 170.8 (9.0) 170.8 (9.0) 0.96
Weight (kg) Mean (SD) 406/186 80.3 (19.1) 79.3 (18.7) 0.60
BMI (kg/m2) Mean (SD) 405/186 27.4 (5.8) 27.0 (5.6) 0.40
HR (bpm) Mean (SD) 224/196 69.3 (10.9) 71.6 (12.4) 0.047
SBP (mmHg) Mean (SD) 222/196 130.6 (16.5) 130.4 (17.5) 0.81
DBP (mmHg) Mean (SD) 222/196 88.7 (10.2) 86.9 (10.0) 0.04
Symptom duration (years) Mean (SD) 248/ NA 0.9 (0.6) NA NA
Employed N (%) 428/198 294(68.7) 175(88.4) < .001
Tertiary education N (%) 420/197 244(58.1) 148(75.1) 0.001
Living alone, N (%) 442/198 117(26.5) 45(22.7) 0.32
Smoking, N (%) 422/194 30(7.1) 13(6.7) 0.87
Weekly rigorous exercise N (%) 85/196 24(28.2) 143(73.0) < .001
Confirmed hospitalization during acute COVID-19 N (%) 436/148 37(8.5) 1(0.7) 0.002
Confirmed intensive during acute COVID-19 N (%) 436/148 18(4.1) 0(0.0) 0.008
Depression medications N (%) 436/148 50(11.5) 2(1.4) 0.001
Objective physical function tests
 D ominant hand grip strength (kg) Mean (SD) 247/197 35.3 (11.3) 34.0 (9.8) 0.38
  6MWT distance (m) Mean (SD) 249/119 435.1 (97.9) 626.8 (69.9) < .001
The patient-reported outcome measures
 D aily functioning (0-10) Mean (SD) 407/194 4.8 (2.0) 8.7 (1.2) < .001
  WHODAS
    WHODAS2.0 Overall Mean (SD) 423/197 34.4 (17.5) 5.7 (7.9) < .001
    WHODAS2.0 Cognition Mean (SD) 423/197 26.0 (19.6) 4.3 (7.3) < .001
    WHODAS2.0 Mobility Mean (SD) 423/197 26.9 (23.3) 2.4 (7.1) < .001
    WHODAS2.0 Self-care Mean (SD) 423/197 10.8 (14.7) 1.3 (5.7) < .001
    WHODAS2.0 Getting along Mean (SD) 422/197 32.5 (24.9) 8.1 (13.8) < .001
    WHODAS2.0 Life activities in home Mean (SD) 422/196 49.2 (28.1) 11.6 (16.7) < .001
    WHODAS2.0 Life activities in work Mean (SD) 413/196 57.2 (32.2) 8.7 (14.8) < .001
    WHODAS2.0 Participation Mean (SD) 414/196 38.4 (19.6) 5.7 (10.0) < .001
Comorbidities
 A t least one comorbidity N (%) 423/136 228(53.9) 38(27.9) < .001
 N umber of comorbidities Mean (SD) 423/136 1.1 (1.4) 0.4 (0.7) < .001
 V arious comorbidities
  A  sthma N (%) 423/136 67(15.8) 3(2.2) < .001
  A  nxiety disorder N (%) 423/136 37(8.7) 3(2.2) 0.01
    Back or neck disease N (%) 423/136 36(8.5) 6(4.4) 0.14
    Hypertension N (%) 423/136 35(8.3) 2(1.5) 0.004
    Sleep apnea N (%) 423/136 33(7.8) 6(4.4) 0.26
  D  epression N (%) 423/136 28(6.6) 2(1.5) 0.03
  M  igraine N (%) 423/136 28(6.6) 3(2.2) 0.049
  L  ong-term insomnia N (%) 423/136 16(3.8) 1(0.7) 0.08
    Hypothyroidism N (%) 423/136 20(4.7) 1(0.7) 0.04
  C  ancer N (%) 423/136 10(2.4) 5(3.7) 0.53
  D  iabetes N (%) 423/136 14(3.3) 0(0.0) 0.05
  C  ardiac arrhythmia N (%) 423/136 13(3.1) 2(1.5) 0.38
  A  llergic rhinitis N (%) 423/136 12(2.8) 1(0.7) 0.19
  I  rritable bowel syndrome N (%) 423/136 10(2.4) 1(0.7) 0.31

N: number of participants, SD: standard deviation, BMI: body mass index, HR: heart rate, bpm: beats per minute, SBP: systolic blood pressure, DBP: diastolic 
blood pressure, 6MWT: 6-minute walking test, NA: not applicable.
#P-values for group differences were obtained using: Kruskal-Wallis and chi-square Test.
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performance tests, such as the 6MWT and HGST [20–
24]. In our study, PCC patients walked significantly 
shorter distances within six minutes compared to 
healthy controls as also shown previously [30]. This 

reflects general physical fatigue and reduced pulmo-
nary and cardiac capacity, which are typical symptoms 
of PCC. Studies have shown that the results of the 
6MWT correlate with the severity of PCC symp-
toms [31].

The HGST measure is an important indicator of 
overall muscle strength and functional health [22,23]. 
The PCC patients have shown reduced HGS, indicating 
muscle weakness and possible neurological complica-
tions that can affect motor control and muscle strength 
[24]. In our study, there were no differences in HGST 
results between groups. Differences in study designs 
and patient cohorts may explain the variations 
between studies.

A poor WHODAS 2.0 result correlated with a signifi-
cantly shorter walking distance in the 6MWT test. A 
weaker correlation was found between WHODAS 2.0 
results and hand grip strength. In a recent study, HGST 
was reduced in patients with ME/CFS only when 
repeated [25]. The study also included patients with 
PCC. As for a single squeeze, the result is therefore not 
necessarily able to reveal muscle fatigue related to PCC.

Strengths and limitations of this study

A strength of this study is that more than 90% of the 
patients were non-hospitalized in the acute phase of 
COVID-19 and referred from primary care and making 
the results more generalizable within the population. 
Also, hospitalization did not emerge as an indepen-
dent predictor of functional decline in the 

Figure 1.  WHODAS 2.0 domain scores (mean, SD): comparative analysis of post-COVID-19 condition patients and controls. 
Highlighting the 24-point threshold for distinguishing mild to moderate disability.

Table 3.  Binomial and multivariable regression analyses pre-
dicting WHODAS 2.0 scores above or below 24 adjusted for 
age and gender in post-Covid-19 condition group.

Levels N OR 95%CI

Number of 
comorbidities

0 179 Reference 
group

1 109 1.9 1.1-3.2
1+ 130 2.6 1.5-4.5

BMI Normal 159 Reference 
group

Overweight 138 1.3 0.8-2.2
Obese 105 1.1 0.7-1.9

Living alone No 307 Reference 
group

Yes 116 1.2 0.7-1.9
Smoking No 387 Reference 

group
Yes 30 3.9 1.3-16.5

Depression No 385 Reference 
group

Yes 33 2.4 1-7.4
Anxiety disorder No 375 Reference 

group
Yes 43 3.4 1.4-10.2

Confirmed 
hospitalization 
during acute 
COVID-19

No 381 Reference 
group

Yes 37 1.1 0.5-2.5
Confirmed intensive 

during acute 
COVID-19

No 400 Reference 
group

Yes 18 0.7 0.3-2.1

BMI: body mass index.
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multivariable model. General practitioners or occupa-
tional health physicians at the HUS Post-COVID-19 
clinic clinically assessed all patients. All patients were 
COVID-19 PCR or antigen positive and attended the 
only post-COVID condition clinic in the country.

A limitation of the study is that the population rep-
resents the more severe end of PCC as the rehabilita-
tion clinic is a tertiary care unit that demands a referral 
from primary health care. Thus, the results cannot be 
generalized to primary care patients with PCC, who 
may have better functioning. The controls were also 
selected and therefore did not necessarily represent 
average citizens.

A limitation of this study is the potential unequal 
documentation of comorbidities between controls and 
patients. There is a concern that controls who utilized 
primary or occupational health services might have 
underreported individual diseases. This discrepancy in 
the recording of diagnostic codes could bias the main 
findings. Furthermore, the HUS Registry data, which 
mainly captures specialist care visits, may not fully 
reflect all conditions documented during outpatient 
clinic visits.

A further limitation is that questionnaire-based 
PROM assessments of functioning are subjective. 
However, the diagnosis of PCC is based on reported 
subjective symptoms. Consequently, subjective symp-
toms are the most valid endpoints [32]. Physical tests 
like a 6MWT and HGST, are semi-objective because 
they are affected by ill being and require effort. It 
might also be possible to consider that PCC patients 
may experience significant variability in their condition 

from day to day or over different periods, which could 
impact their results compared to controls, whose con-
ditions are presumably more stable.

Given that this study is cross-sectional, the observed 
associations cannot confirm causality or the direction 
of the relationships between PCC and functional 
impairments. Future research should include longitudi-
nal studies to track changes over time and better 
establish causal links between PCC and functional out-
comes. Additionally, randomized controlled trials could 
be useful in assessing the effectiveness of specific 
rehabilitation interventions for improving functioning 
in patients with PCC.

Conclusion

In conclusion, the reduced functioning in patients with 
PCC appears to be multifactorial and not only related 
to COVID-19 infection. Chronic illnesses, anxiety, and a 
more vulnerable social status affect the deterioration 
of functioning in addition to the effects of COVID-19 
infection. For GPs, this means that these patients need 
to be encountered holistically while considering 
patients’ previous health problems, comorbidities, 
potential anxiety, and socioeconomic circumstances 
such as work and living conditions.

Implications

Comprehending the functional challenges faced by 
PCC patients is essential, not only to assist in their 
return to regular activities but also to navigate the 

Figure 2.  Scatter plots comparing WHODAS 2.0 scores and hand grip strength and 6-minute walking test (6MWT) (adjusted for 
age, height, and gender) results between post-COVID-19 condition (PCC) patients (red) and control patients (cyan). Linear regres-
sion lines illustrate weak correlations within the PCC group, with low R2 values indicating minimal explanatory power of the linear 
models.
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complexities of their condition in the absence of a 
known etiology. The goal of functional disabilities 
characterization was to improve the targeting of aid 
and support to these patients.

Because of the reduced walking capacity, the 
patients may be at risk of deconditioning. The 6MWT 
could be important in monitoring PCC, as it provides 
objective measures of functional limitations that might 
go unnoticed with only subjective symptom descrip-
tions. The studies emphasize the need for comprehen-
sive rehabilitation programs that specifically target 
improving these areas of functionality in PCC patients.

Multisystem symptoms of PCC are strikingly similar 
to those of functional disorders triggered by acute ill-
nesses [33]. While the hypothesis of PCC correspond-
ing to a functional disorder needs to be tested, its 
treatment and rehabilitations follows the same lines as 
for functional disorders [34].

A biopsychosocial approach and multi-professional 
care, such as help from physiotherapists and psycholo-
gists, is often needed to help these patients overcome 
their problems with functioning. GPs should remember 
the potential vicious cycle where symptom worry leads 
to patients’ fear of physical activity [34]. This may cause 
deterioration of overall health and functioning in the 
long run. Timely support from primary healthcare pro-
fessionals is needed to overcome these challenges.
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