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Abstract
Background  We aimed to investigate the longitudinal impact of COVID-19 and the effects of clinical and 
psychosocial factors, accounting for post-COVID conditions (PCC), on the mental and physical aspect of health-related 
quality of life (HRQoL) of patients diagnosed with COVID-19.

Methods  Data from the Nivel Corona Cohort were used, which includes individuals with an established SARS-CoV-2 
infection that received four questionnaires over a year’s time with questions regarding HRQoL (SF-12), symptoms 
and social characteristics. PCC was determined based on questionnaire data. Data on medical history and healthcare 
utilization were obtained from electronic health records from general practice. A repeated measures linear mixed 
model was used to explore associations between clinical and social characteristics, and the course of mental and 
physical HRQoL after a SARS-CoV-2 infection, taking PCC into account.

Results  One hundred fifty-eight individuals of whom it was possible to determine whether they had PCC or not were 
included in this study. Seventy-six (48.1%) developed PCC, which was associated with a persistent reduction in both 
physical and mental HRQoL. Hospitalization during the acute phase of the infection had a negative impact on the 
physical HRQoL, which decreased over time. Females, people older than 53, and those with increased resilience and 
mental HRQoL before infection were more likely to report a more positive mental HRQoL over time.

Conclusion  The negative association PCC has with both mental and physical HRQoL for at least six months, calls for 
more research to support patients with PCC.
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Background
The COVID-19 pandemic has severely impacted popu-
lations worldwide. By September 2022, over 540 million 
people were infected by the coronavirus (SARS-CoV-2) 
worldwide, with over 8 million in the Netherlands alone 
[1]. The virus is known to manifest differently in symp-
toms and severity. While some coronavirus infected 
patients experience no symptoms, others get seriously ill 
resulting in needing medical care or death [2]. The virus 
impacts people both physically and mentally. Social stig-
matization, the isolation after being infected or potential 
biological mechanisms might cause mental distress [3, 4].

As time passes, more knowledge has become avail-
able on the long-term effects of COVID-19. For instance, 
we now know that symptoms can persist long after an 
infection [5]. According to the World Health Organiza-
tion (WHO), it is post-COVID condition (PCC) when 
SARS-CoV-2 infected patients have persistent symptoms 
at least three months after the onset of the initial infec-
tion, and symptoms have been present for at least two 
months and cannot be explained by an alternative diag-
nosis [5]. This definition leaves some room for interpreta-
tion resulting in varying estimates between 13 and 80% 
on how many people have PCC, depending on the defi-
nition used [6–9]. The severity of both acute COVID-19 
and persistent symptoms has shown to negatively affect 
health-related quality of life (HRQoL) [10–13], which is 
a commonly used measure for the overall physical and 
mental wellbeing of an individual. A decreased HRQoL 
has been associated with numerous negative health out-
comes, job-related issues and a less active social life. 
Inversely, a higher HRQoL has been associated to longer, 
healthy lives and increased work ability, both resulting in 
lower societal costs [14, 15].

Besides the presence of symptoms, other factors might 
also impact the HRQoL after a SARS-CoV-2 infection. 
Factors such as resilience, social support and the ability 
to cope have been shown to positively affect HRQoL, as 
they are thought to play a role in individual differences in 
physical and psychological responses to distress [16–18]. 
In addition, studies have found inadequate health lit-
eracy, a high BMI and a low education level to be asso-
ciated with a lower HRQoL [9, 19, 20]. Similarly for the 
presence of chronic illnesses such as diabetes or COPD, 
which have also been associated to a decreased HRQoL 
[21, 22]. However, the effect of patient characteristics on 
HRQoL has not yet been studied over time and in rela-
tion to a previous SARS-CoV-2 infection.

We aim to study the longitudinal impact of COVID-19 
and the effects of clinical and psychosocial factors, while 
accounting for PCC, on the course of HRQoL in patients 
who have had COVID-19 [12, 13]. Insight in clinical and 
psychosocial factors that affect the course of HRQoL 
is crucial for patients and health care providers as it 

potentially enables the opportunity to intervene in time 
preventing a decrease in HRQoL. More knowledge might 
also increase the understanding for patients who experi-
ence long lasting effects of a SARS-CoV-2 infection.

Method
Setting
Nivel, the Netherlands Institute for Health Services 
Research, has a Primary Care Database (Nivel-PCD) in 
which electronic health records (EHR) of general prac-
tices are collected. Approximately 500 general practices 
participate in Nivel-PCD, covering around 1.8  million 
patients. Nivel-PCD is a longitudinal database, with 
an ongoing data collection and is representative of the 
Dutch population on patients age and sex [23]. In 2016 
the Benefit, Risk and Impact of Medication Monitor 
(BRIMM) research infrastructure was developed [24]. 
This infrastructure allowed Nivel-PCD to do research 
by combining data from EHRs and patient reported out-
comes (PROs) via surveys. Based on the principles of this 
infrastructure Nivel initiated a longitudinal cohort study 
of COVID-19 patients in 2020: the Nivel Corona Cohort 
[25]. More details about the recruitment and data collec-
tion can be found elsewhere [25].

Cohort recruitment
Twenty-five general practitioners (GPs) who weekly 
deliver data to the Nivel-PCD were solicited to partici-
pate in cohort recruitment. They reacted positively to an 
earlier call in the Nivel-PCD newsletter for participants 
that was placed to see whether there was sufficient inter-
est among GPs to participate in the study. Eighteen of 
these 25 GPs partook in this study. The participating GPs 
were located throughout the Netherlands in both rural 
and urban areas [25]. Nivel developed an algorithm to 
flag adult patients with a COVID-19 registration (Inter-
national Classification of Primary Care [ICPC]-code 
R83.03) in their EHR [25]. COVID-19 could have been 
diagnosed by the GP, but the registration also entailed 
results from testing facilities from the Municipal Health 
Services (GGD) if the patient consented to this infor-
mation being shared with the GP. A trusted third party 
(TTP), which held the encryption key for the pseudony-
mized patients, sent the flagged decrypted patient-IDs to 
the associated GP. The GP checked the patient’s eligibility 
for participation. Patients were found eligible when they 
had COVID-19, remained in the same practice and were 
able to fill in the questionnaire, thus there would be no 
language barriers, personal problems or too severe dis-
ease burden. The GP returned the flagged and checked 
patients to the TTP, who invited the patient to participate 
in this study on behalf of their GP. Patient recruitment 
occurred between January and September 2021.
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Data collection
Over a year’s time, recruited patients received four ques-
tionnaires containing questions regarding the SARS-
CoV-2 infection. The first questionnaire was sent right 
after the agreement to participate (Q1, baseline), and 
then subsequently after three months (Q2), after six 
months (Q3) and after one year (Q4). Therefore, Q1 does 
not refer to the moment of the SARS-CoV-2 infection, 
but to the beginning of participation. The questionnaires 
contained questions on morbidity, treatment, clini-
cal outcomes and lifestyle, as well as information on the 
impact of COVID-19 in terms of QoL and ability to work. 
The first questionnaire also contained questions regard-
ing the participants’ situation prior to their SARS-CoV-2 
infection. For this study, we used data from Q1, Q2 and 
Q3. We did not use Q4 as this data was not available dur-
ing the time of analyses. Data from these questionnaires 
were collected between January 2021 and April 2022 
depending on when the patient was recruited.

The pseudonymized data obtained from the question-
naires was, when a patient gave informed consent for 
this, linked to the patient’s GP EHRs collected in the 
Nivel-PCD. From the EHRs we extracted information on 
(co-)morbidities (ICPC-1 coded) that were registered in 
2019, thus prior to the infection.

For this study we included patients who had a recent 
SARS-CoV-2 infection less than three months prior to 
receiving the baseline questionnaire (Q1). Patients who 
had more than three months between infection and 
the first questionnaire were excluded from this specific 
study to prevent recall bias on quality of life before the 
infection.

Outcome measure: health-related quality of life
The main outcome was health-related QoL (HRQoL) 
before the infection and at the time of Q1, Q2 and Q3. 
HRQoL was measured using the mental component sum-
mary and the physical component summary scores of the 
Short Form (SF)-12 [26]. Summary scores were calcu-
lated ranging from 0 to 100, with lower scores meaning 
worse quality of physical or mental health [26–28]. The 
average score was considered 50 and a deviation of 10 
points below or above the average was considered as the 
standard deviation.

Post-COVID condition
The PCC definition was based on a Delphi consen-
sus reported by the World Health Organization [29]. 
An individual was classified as having PCC when they 
reported at least one symptom three months after the 
initial infection and reported not to be recovered after 
three months. Individuals were classified as non-PCC 
when they reported to be recovered within three months. 
If there was missing data or inconsistencies in the answer 

(not recovered, but also no report of symptoms), it was 
not possible to determine whether these individuals had 
PCC and they were thus excluded from the analyses.

Clinical and sociodemographic covariates
We selected clinical and sociodemographic character-
istics that could be related to the HRQoL based on lit-
erature [Appendix 1, Table 4: Covariate description and 
classification].

All covariates were measured at Q1. Number of chronic 
comorbidities was pre-defined in Nivel-PCD based on 
constructed disease episodes [30]. Level of education was 
considered low if individuals discontinued their educa-
tion after primary school, within the first three years of 
secondary school or if they completed preparatory sec-
ondary vocational education (VMBO). The middle cat-
egory consisted of individuals who completed senior 
general secondary education (HAVO) or university 
preparatory education (VWO) or vocational education 
(MBO). A high level of education included individuals 
who completed university or university of applied sci-
ences. Social support in case of problems was calculated 
on the subset “Support in case of problems” of the SSL-
12-I, a Dutch validated scale to measure social support 
[31, 32]. Resilience was calculated on the nine-item Resil-
ience Evaluation Scale (RES), which was validated in the 
Dutch population [31]. If one or more questions on the 
scales were not answered, we substituted the missing 
value by the mean of the non-missing answers. If none 
of the questions were answered, the final score was left 
empty and considered missing. Health literacy was cal-
culated using three brief screening questions [33]. If the 
mean score of these screening questions was below 2, we 
considered the individual to have inadequate health liter-
acy. Migration background was defined as at least one of 
the participants’ parents being born outside of the Neth-
erlands. In case of missing data, we performed row wise 
deletion prior to the analyses.

Data analysis
First, we described variables, using number and percent-
age for categorical variables and mean values and stan-
dard deviations for continuous variables. With Excel, we 
visualized separately the mental and physical HRQoL at 
timepoints prior to the infection, in Q1, Q2 and Q3 for 
individuals with and without PCC. For each time period 
in the questionnaires, the difference between people with 
and without PCC was assessed for both the physical and 
mental HRQoL using chi-square analyses.

To assess the association between the selected covari-
ates and the course of HRQoL after the infection, we 
used a linear mixed-effects model for repeated measures 
analysis. We performed a backward elimination proce-
dure with a p-value of 0.2 for a first selection of variables 
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that were potentially associated with the outcome [34]. 
Single regression analyses were additionally performed 
to verify whether any previously deleted, potentially rel-
evant characteristics were incorrectly eliminated from 
the model based on statistical significance at a p-value 
of 5% or lower. Statistical significance was assumed at 
α = 5%. As the effect of covariates on the HRQoL might 
differ directly after the infection and months after the 
infection, an interaction with time was analyzed for each 
covariate after variable selection and added to the model 
when this interaction was statistically significant. All 
analyses, except the visualization, were performed using 
Stata/SE 16.1.

Results
Descriptive statistics
We included 158 individuals who had been infected 
with SARS-CoV-2 less than three months before Q1 
(Fig.  1) and for whom enough data was acquired to 
assess whether they had PCC or not. Compared to the 
total population in the Nivel Corona Cohort, our sample 
was slightly older (54.1 years old in this sample versus 
51.5 years old in the Nivel Corona Cohort) and included 

relatively more females (63.3% in this sample and 60.9% 
in the Nivel Corona Cohort). Little less than half of these 
individuals (n = 76, 48.1%) developed PCC and n = 82 
(51.9%) did not develop PCC.

Table  1 shows the characteristics of the included 
patients. The majority experienced hardly any symptoms 
(19.0%) or symptoms comparable to a cold (44.3%) dur-
ing the acute phase of the SARS-CoV-2 infection.

The course of HRQoL after COVID-19
Figure  2 shows the physical (Fig.  2A and Appendix 2: 
Table  5) and mental (Fig.  2B and Appendix 2: Table  6) 
HRQoL over time in individuals with and without PCC. 
Before the infection (pre-COVID), the physical compo-
nent of the HRQoL (Fig. 2A) was not statistically different 
between individuals with and without PCC [Appendix 2: 
Table 7]. At all timepoints after the infection, the physi-
cal HRQoL was significantly lower for individuals with 
PCC compared to those without, although the physical 
HRQoL did increase over time for patients with PCC. At 
the baseline questionnaire (Q1), after the infection, the 
physical HRQoL for patients with PCC was below 40, 
indicating a difference compared to the mean score of the 
Dutch normative sample which is approximately 50 [28].

For individuals without PCC, the physical HRQoL 
restored to the level from before the infection in Q2.

The standard deviation of the physical HRQoL was 
largest at Q1 for both the PCC and the non-PCC group 
11.3 and 7.5 respectively [Appendix 5: Table  5] and 
decreased over time.

Similarly, the mental component (Fig. 2B) did not dif-
fer significantly between individuals with and without 
PCC before the infection, but did so at all timepoints 
after the infection [Appendix 2: Table 7]. The mean men-
tal HRQoL was at the lowest level at baseline for patients 
with PCC and remained statistically lower at Q2 and Q3 
compared to the same patients before the infection.

For individuals without PCC, no statistical difference 
was measured between mental HRQoL pre infection and 
Q1, Q2 and Q3 respectively. The standard deviation for 
the mental component of HRQoL increased for individ-
uals with PCC from pre-COVID (6.3) to Q3 (10.3). For 
those without PCC, the largest deviation was also mea-
sured at Q3, being 6.2.

Factors associated with HRQoL: outcomes of a mixed-
effects repeated measures model
For the physical aspect of HRQoL (Table 2), higher physi-
cal HRQoL before the infection was associated with an 
increased HRQoL at Q1 (0.66, p < 0.01), but this posi-
tive effect neutralized three months later. Similar to 
Fig.  2A, individuals with PCC had a significantly lower 
HRQoL (-7.02, p < 0.01) after the infection which did not 
change significantly over time. Patients who were very Fig. 1  Flowchart with details on sample selection
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ill or hospitalized during the acute SARS-CoV-2 infec-
tion had a significantly lower physical HRQoL at Q1 
(-5.90, p < 0.01 and − 9.66, p < 0.01 respectively). No sig-
nificant decrease nor change in HRQoL over time was 

seen for individuals whose SARS-CoV-2 infection was 
comparable to a cold. For individuals who were hospi-
talized we observed a partial recovery in HRQoL at Q2 
(5.93, p = 0.02) and Q3 (6.83, p = 0.01) compared to Q1. 

Table 1  Patient characteristics
Total PCC No PCC

Total, n 158 76 82
Female sex, n (%) 100 (63.3%) 45 (59.2%) 55 (67.1%)
Age (years), mean [SD] 54.1 [12.3] 55.0 [12.6] 53.3 [12.0]
Post-COVID condition
  Post-COVID condition 76 (48.1%)
  No post-COVID condition 82 (51.9%)
Self-perceived severity acute phase, n (%)
  Hardly any to no symptoms 30 (19.0%) 7 (9.2%) 23 (28.1%)
  Comparable to cold 70 (44.3%) 27 (35.5%) 43 (52.4%)
  Very ill, but not hospitalized 46 (29.1%) 30 (39.5%) 16 (19.5%)
  Hospitalized 12 (7.6%) 12 (15.8%) 0 (0%)
Chronic illnesses, n (%)
  0 90 (57.0%) 42 (55.3%) 48 (58.5%)
  1 27 (17.1%) 10 (13.2%) 17 (20.7%)
  2+ 41 (26.0%) 24 (31.6%) 17 (20.7%)
Body Mass Index, n (%)
  < 18.5 (underweight) 0 (0.0%) 0 (0%) 0 (0%)
  18.5–25 (healthy weight) 54 (34.2%) 16 (21.1%) 38 (46.3%)
  25–30 (overweight) 83 (52.5% 46 (60.5%) 37 (45.1%)
  > 30 (obese) 21 (13.3%) 14 (18.4%) 7 (8.5%)
Level of education, n (%)
  Low 39 (24.7%) 30 (39.5%) 9 (11.0%)
  Middle 52 (32.9%) 23 (30.3%) 29 (35.3%)
  High 67 (42.4%) 23 (30.3%) 44 (53.7%)
Social support, mean [SD] 8.6 [3.3] 8.8 [3.3] 8.4 [3.4]
Resilience, mean [SD] 27.1 [5.5] 26.0 [6.2] 28.1 [4.6]
Inadequate health literacy, n (%) 2 (1.3%) 0 (0%) 2 (2.4%)
Migration background, n (%) 11 (7.0%) 7 (9.2%) 4 (4.9%)
Smoking, n (%)
  No, never smoked 76 (48.1%) 35 (46.1%) 41 (50.0%)
  No, but former smoker 72 (45.6%) 35 (46.1%) 37 (45.1%)
  Yes, current smoker 10 (6.3%) 6 (7.9%) 4 (4.9%)

Fig. 2  (A) The course of the physical component of health-related quality of life before the coronavirus infection, at Q1, Q2 and Q3. (B) The course of the 
mental component of health-related quality of life before the coronavirus infection, at Q1, Q2 and Q3
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Resilience had a small positive effect (0.23, p = 0.01) on 
the physical HRQoL in general, this effect did not change 
over time. In the single regressions [Appendix 3: Table 8] 
a BMI higher than 25 was associated to a lower physical 
HRQoL. This effect was not statistically significant in the 
multiple regression model.

Considering mental HRQoL (Table 3), it was found that 
resilience (0.18, p = 0.02), older age (3.35, p < 0.01), female 
sex (1.75, p = 0.03) and the mental HRQoL prior to the 
infection (0.70, p < 0.01) were associated to a more posi-
tive mental HRQoL. Having PCC (-3.78, p < 0.01), having 
a migration background (-3.78, p = 0.01) and having one 
comorbidity (-2.28, p = 0.03) were negatively associated 
with the mental HRQoL right after the coronavirus infec-
tion. None of these covariates interacted with time.

Discussion
The twofold aim of this study was to assess the longitudi-
nal impact of a SARS-CoV-2 infection on the mental and 
physical HRQoL and to identify clinical and psychosocial 
factors associated with the HRQoL after a SARS-CoV-2 
infection.

Having PCC was the major factor in explaining a 
decreased HRQoL after a SARS-CoV-2 infection. Both 
the physical and mental aspect of HRQoL were lower for 
patients with PCC compared to individuals without PCC 
after the infection. This effect lasted at least six months 
after the infection. Besides the general lower HRQoL in 
the PCC group, our findings also show a larger standard 
deviation after the infection, which indicates heterogene-
ity in how people are affected by PCC.

Table 2  Multiple regression of demographic and clinical characteristics with the course of the physical component of health-related 
quality of life after a SARS-CoV-2 infection
Variable Multiple regression

Coef. (95% CI) p value
Sex
  Male ref ref
  Female -0.90 (-2.94; 1.13) 0.38
Age
  18–53 ref ref
  54 and over 0.39 (-1.61; 2.40) 0.70
Time
  Q1 ref ref
  Q2 25.94 (15.65; 36.24) < 0.01*
  Q3 27.96 (15.95; 39.97) < 0.01*
Post-COVID condition
  No post-COVID condition ref ref
  Post-COVID condition -7.02 (-9.11; -4.92) < 0.01*
Physical HRQoL prior to SARS-CoV-2 infection 0.66 (0.46; 0.87) < 0.01*
  Interaction time Q2 -0.45 (-0.64; -0.26) < 0.01*
  Interaction time Q3 -0.50 (-0.72; -0.28) < 0.01*
Self-perceived severity acute phase
  Hardly any to no symptoms ref ref
  Comparable to cold -0.77 (-3.97; 2.42) 0.63
  Interaction time Q2 -1.01 (-4.09; 2.07) 0.52
  Interaction time Q3 0.01 (-3.53; 3.55) 1.00
  Very ill, but not hospitalized -5.90 (-9.46; -2.35) < 0.01*
  Interaction time Q2 1.72 (-1.59; 5.04) 0.31
  Interaction time Q3 4.38 (0.64; 8.11) 0.02*
  Hospitalized -9.66 (-14.93; -4.40) < 0.01*
  Interaction time Q2 5.93 (1.09; 10.77) 0.02*
  Interaction time Q3 6.83 (1.47; 12.19) 0.01*
Resilience 0.23 (0.05; 0.40) 0.01*
Body Mass Index
  18.5–25 (healthy weight) ref ref
  25–30 (overweight) -1.89 (-4.02–0.24) 0.08
  > 30 (obese) -3.09 (-6.23–0.05) 0.05
CI = confidence interval, HRQoL = health-related quality of life

*Statistically significant
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Other studies reported similar findings. An Irish 
study by O’Kelly et al., which was similar in the num-
ber of included individuals and HRQoL measuring tool, 
showed a lower physical component of HRQoL, but not 
a lower mental component of HRQoL a year after the 
SARS-CoV-2 infection for patients with PCC compared 
to those without [35]. On the other hand, Seeßle et al. 
showed a small reduction in the mental component [36]. 
Compared to the physical component, the difference in 
the mental component was smaller, yet present in our 
results as well. This sentiment was also seen in system-
atic reviews where, despite differences in measuring 
tools, times of assessment, different definitions of PCC 
or the use of a specific population (e.g. only hospitalized 
patients), a decreased HRQoL was seen in patients with 
PCC [10, 11].

Multiple other factors affected the HRQoL as well. 
We observed that a higher HRQoL before the infection 
was associated to an increased physical HRQoL at base-
line. This strengthens the hypothesis that better general 
wellbeing makes a positive difference on how people 
will experience an acute illness, such as COVID-19 [37]. 
The severity of the acute COVID-19, especially in hospi-
tal admitted individuals, was also associated to a lower 
physical HRQoL compared to those who had barely any 
to or no symptoms. Being admitted to the hospital during 

the acute phase has been shown to negatively affect the 
HRQoL elsewhere as well [38, 39].

Resilience was found to have a small positive effect on 
both the physical and mental component of HRQoL. Our 
findings contribute to a large body of evidence showing 
that resilience has a positive effect on QoL in general, 
during the COVID pandemic [18] and also in combina-
tion with several other illnesses [17, 40] and in patients 
with PCC [41].

Our results showed a positive association between 
age and mental HRQoL, where older age was associated 
with an increased mental HRQoL compared to people 
under the age of 54. Young adults were more vulnerable 
to a decreasing mental health in the pandemic compared 
to older individuals, as has been shown in several stud-
ies [42–44]. Contrarily, we found no effect for age on the 
physical component, while studies do report decreasing 
physical wellbeing in elderly [11, 45]. A potential expla-
nation might be that our study corrects for the physical 
constraints of having PCC, which might eliminate nega-
tive physical aspects of aging.

Having a migration background was associated to a 
decreased mental HRQoL compared to people without a 
migration background. This finding was also seen in the 
(non-)COVID population in other studies [46, 47] and 
can be explained by experiencing difficulty in facing an 

Table 3  Multiple regression of demographic and clinical characteristics with the course of the mental component of health-related 
quality of life after a SARS-CoV-2 infection
Variable Multiple regression

Coef. (95% CI) p value
Sex
  Male ref ref
  Female 1.75 (0.15; 3.34) 0.03*
Age
  18–53 ref ref
  54 and over 3.35 (1.74; 4.96) < 0.01*
Time
  Q1 ref ref
  Q2 0.71 (-0.56; 1.99) 0.28
  Q3 0.42 (-1.04: 1.87) 0.58
Post-COVID condition
  No post-COVID condition ref ref
  Post-COVID condition -3.78 (-5.29; -2.26) < 0.01*
Mental HRQoL prior to SARS-CoV-2 infection 0.70 (0.57; 0.83) < 0.01*
Resilience 0.18 (0.030; 0.32) 0.02*
Migration
  No ref ref
  Yes -3.78 (-6.72; -0.85) 0.01*
Chronic comorbidities
  None ref ref
  One -2.28 (-4.31; -0.25) 0.03*
  Two or more -1.64 (-3.54; 0.25) 0.09
CI = confidence interval, HRQoL = health-related quality of life

*Statistically significant
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illness in a foreign country and a lack of having tradi-
tional support networks.

Chronic illnesses were expected to be related to a lower 
HRQoL as physical health is an important contributing 
factor to a decreased HRQoL [21, 22]. Our data showed 
that having one chronic illness was in fact associated 
to a decreased physical HRQoL, but this effect was not 
seen in individuals with multiple chronic comorbidities. 
It is difficult to assess the impact of the chronic illness. 
For example, eczema is considered a chronic illness, but 
to what extent people are limited in their daily life differs 
between patients [48]. The variety in severity and impact 
of chronic illnesses might therefore explain our findings.

Strengths and limitations
Our study has several strengths. Via our infrastructure 
where we recruited patients via the GP, we were able to 
combine patient reported outcomes and GP EHR-data. 
We were able to include information on a wide range of 
factors that are associated with the HRQoL from both 
the patient and the clinical perspective. Moreover, our 
methods provided the opportunity for longitudinal anal-
ysis, and we were able to study two distinguished aspects 
of HRQoL at different time points.

We sampled the data from a population-based cohort, 
and we therefore included a wide variety of individuals 
with differences in severity of SARS-CoV-2 infection. 
On the other hand, due to the nature of questionnaires 
it is more difficult to include illiterate individuals as is 
reflected in the low number of people with inadequate 
health literacy or with a migration background. As 
described in previous publications, participants in the 
Nivel Corona Cohort are slightly older and more often 
female than the group that was initially invited to par-
ticipate in the cohort [49]. Moreover, we only included 
individuals in the analyzes of whom we could determine 
whether they had PCC or not. Although our sample is 
therefore not representative for the Dutch population as 
a whole, these factors seemed not to substantially influ-
ence the outcome measure.

Another possible limitation of our data was that it was 
unknown whether we were dealing with reinfections, first 
infections or later infections at baseline nor whether the 
patient experienced a new SARS-CoV-2 infection during 
follow-up. A new infection that occurred over the course 
of this study may have decreased the HRQoL over time. 
In this study vaccination data was not sufficiently avail-
able, thus we were not able to take into account whether 
participants were (fully) vaccinated or not.

Potential recall bias may have been caused by the fact 
that we retrospectively asked about the HRQoL prior 
to the infection. Patients with PCC may memorize their 
quality of life different than non-PCC patients which may 
have led to an overestimation of the effect of having PCC 

on the HRQoL. By only selecting patients with a recent 
SARS-CoV-2 infection that was no longer than three 
months before completing the first questionnaire, we lim-
ited this bias as much as possible, although it still might 
be present. Another limitation might be that we were not 
able to take possible lockdown effects into account as we 
did not have a control group from a time period without 
lockdowns.

Clinical implications
This study showed the large and long-lasting impact of 
having PCC on the patients’ wellbeing. Therefore, our 
findings call for more research on interventions and 
treatments for PCC to improve the physical and mental 
HRQoL. Given that people with PCC can have a broad 
spectrum of symptoms, it is difficult to identify inter-
ventions appropriate for everyone. However, a poten-
tial opportunity might be found in improving resilience. 
Our findings did show that resilience had a slight posi-
tive impact on the HRQoL in this cohort. Implementing 
interventions that enhance resilience, such as training 
programs, might aid patients with PCC [50], yet other 
studies would have to show whether such a training 
would still be useful after the infection.

Conclusion
In conclusion, our study shows that having PCC has a 
profound negative impact on both the mental and the 
physical aspect of the HRQoL, which lasts for at least six 
months after the infection. A small, but positive effect 
was found in resilience, female sex and in people older 
than 53 on the mental HRQoL. Our findings call for more 
research on the PCC patient group to improve interven-
tions as these patients seem to experience negative long-
term effects from the SARS-CoV-2 infection.

Appendix 1: Covariate description and 
classification

Table 4  Covariate description and classification
Variable Unit
Age 0: 18–53

1: 54 and older
Sex 0: male

1: female
HRQoL prior to infection, mental or 
physical

Score scale: 0-100

Post-COVID condition (PCC) 0: no PCC
1: PCC
2: unknown

Self-perceived severity of illness during 
the acute phase of the SARS-CoV-2 
infection

1: hardly to no complaints
2: complaints comparable 
to a cold
3: very ill, but not hospitalized
4: hospitalized
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Table 4  Covariate description and classification
Variable Unit
Number of chronic diseases described 
in the GP EHRs prior to the infection (30)

0
1
2+

Level of education 1: low education level
2: middle education level
3: high education level

Body mass index (BMI) < 18.5: underweight
18.5–25: healthy weight
25–30: overweight
> 30: obese

Experienced social support in case of 
problems (SSL-12-I, (31))

Score scale: 4–16

Resilience score (Resilience Evaluation 
Scale, (32))

Score scale: 0–36

Health literacy (Chew et al. screening 
questions (33))

0: inadequate health literacy
1: adequate health literacy

Migration background 0: no
1: yes

Appendix 2: Quality of life in individuals with and 
without post-COVID condition

Table 5  Mean physical quality of life measured in three 
questionnaires for individuals with and without post-COVID 
condition
Physical Post-COVID condition No Post-COVID 

condition
Mean SD Mean SD

Pre-COVID 51.2 7.2 53.0 4.8
Q1 39.2 11.3 51.1 6.5
Q2 42.6 10.1 53.4 4.8
Q3 45.1 8.4 53.0 5.1
SD = standard deviation

Table 6  Mean mental quality of life measured in three 
questionnaires for individuals with and without post-COVID 
conditions
Mental Post-COVID condition NO Post-COVID 

condition
Mean SD Mean SD

Pre-COVID 54.0 6.3 55.2 5.0
Q1 49.2 9.3 54.0 6.2
Q2 49.5 9.9 55.0 5.7
Q3 50.1 10.3 53.6 6.9
SD = standard deviation

Table 7  Chi-square analyses between individuals with and 
without post-COVID condition
Period p value
Pre-physical component 0.054
Physical component Q1 < 0.01
physical component Q2 < 0.01
physical component Q3 < 0.01
Pre-mental component 0.17

Table 7  Chi-square analyses between individuals with and 
without post-COVID condition
Period p value
Mental component Q1 < 0.01
Mental component Q2 < 0.01
Mental component Q3 0.030

Appendix 3: Single regression analyses

Table 8  Single regression analyses of all covariates on the 
physical component and mental component of quality of life
 Physical component Mental 

component
Coef. (95% 
CI)

pvalue Coef. 
(95% 
CI)

pval-
ue

Sex (male = reference)
Female -0.29 (-2.88; 

2.30)
0.83 0.40 

(-1.86; 
2.66)

0.73

Age (18–53 = reference)
54 and over -1.83 (-4.31; 

0.66)
0.15 1.96 

(-0.19; 
4.13)

0.07

Time (Q1 = reference)
Q2 2.82 (1.58; 

4.07)
< 0.01 0.71 

(-0.56; 
1.99)

0.28

Q3 3.82 (2.40; 
5.24)

< 0.01 0.39 
(-1.07; 
1.86)

0.60

Physical HRQoL prior to 
SARS-CoV-2 infection

0.46 (0.26; 
0.66)

< 0.01

Mental HRQoL prior to 
SARS-CoV-2 infection

0.77 
(0.62; 
0.92)

< 0.01

Symptoms 
(Hardly any to no 
symptoms = reference)

Comparable to cold -2.45 (-5.60; 
0.71)

0.12 0.91 
(-2.05; 
3.88)

0.55

Very ill, but not 
hospitalized

-6.21 (-9.58; 
-2.85)

< 0.01 -1.25 
(-4.43; 
1.93)

0.44

Hospitalized -11.42 
(-16.27; 
-6.58)

< 0.01 -0.38 
(-5.00; 
4.24)

0.87

Social support -0.29 (-0.67; 
0.08)

0.12 -0.31 
(-0.64; 
0.012)

0.06

Resilience 0.37 (0.15; 
0.59)

< 0.01 0.40 
(0.21; 
0.59)

< 0.01

PCC -9.68 
(-11.72; 
-7.65)

< 0.01 -4.82 
(-6.87; 
-2.77)

< 0.01

Migration background 
(No = reference)
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Table 8  Single regression analyses of all covariates on the 
physical component and mental component of quality of life
 Physical component Mental 

component
Coef. (95% 
CI)

pvalue Coef. 
(95% 
CI)

pval-
ue

Yes -0.90 (-5.75; 
3.95)

0.72 -2.82 
(-7.074; 
1.43)

0.19

Chronic comorbidities 
(No = reference)

1 0.35 (-3.01; 
3.72)

0.84 -2.30 
(-5.27; 
0.68)

0.13

2 or more -3.20 (-6.10; 
-0.30)

0.03 -1.48 
(-4.03; 
1.078)

0.26

Education 
(low = reference)

Middle 3.78 (0.57; 
6.98)

0.02 0.75 
(-2.14; 
3.64)

0.61

High 5.54 (2.50; 
8.58)

< 0.01 1.76 
(-0.98; 
4.50)

0.21

BMI (18.5–25 (healthy 
weight) = reference)

25–30 (overweight) -4.57 (-7.15; 
-1.98)

< 0.01 0.49 
(-1.91; 
2.88)

0.69

> 30 (obese) -7.75 
(-11.52; 
-3.97)

< 0.01 0.027 
(-3.49; 
3.55)

0.99

Smoking status 
(never = reference)

Former smoker -1.98 
(-4.53–0.56)

0.13 -0.46 
(-2.71–
1.79)

0.69

Current smoker -4.25 
(-9.68–1.19)

0.13 1.83 
(-2.81–
6.47)

0.44

CI = confidence interval, HRQoL = health-related quality of life
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