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COVID-19 at 1 and 12 months after infection: 
a prospective cohort study
Anouk Verveen1,2, Elke Wynberg3,4,5†, Hugo D. G. van Willigen4,5,6†, Udi Davidovich3,7, Anja Lok2,8,9, 
Eric P. Moll van Charante2,10,11, Menno D. de Jong5,6, Godelieve de Bree4,5, Maria Prins3,4,5, Hans Knoop1,2, 
Pythia T. Nieuwkerk1,2,5*   and the RECoVERED Study Group 

Abstract 

Background: Currently, there is limited evidence about the long-term impact on physical, social and emotional 
functioning, i.e. health-related quality of life (HRQL) after mild or moderate COVID-19 not requiring hospitalization. We 
compared HRQL among persons with initial mild, moderate or severe/critical COVID-19 at 1 and 12 months following 
illness onset with Dutch population norms and investigated the impact of restrictive public health control measures 
on HRQL.

Methods: RECoVERED, a prospective cohort study in Amsterdam, the Netherlands, enrolled adult participants after 
confirmed SARS-CoV-2 diagnosis. HRQL was assessed with the Medical Outcomes Study Short Form 36-item health 
survey (SF-36). SF-36 scores were converted to standard scores based on an age- and sex-matched representative 
reference sample of the Dutch population. Differences in HRQL over time were compared among persons with initial 
mild, moderate or severe/critical COVID-19 using mixed linear models adjusted for potential confounders.

Results: By December 2021, 349 persons were enrolled of whom 269 completed at least one SF-36 form (77%). One 
month after illness onset, HRQL was significantly below population norms on all SF-36 domains except general health 
and bodily pain among persons with mild COVID-19. After 12 months, persons with mild COVID-19 had HRQL within 
population norms, whereas persons with moderate or severe/critical COVID-19 had HRQL below population norms 
on more than half of the SF-36 domains. Dutch-origin participants had significantly better HRQL than participants 
with a migration background. Participants with three or more COVID-19 high-risk comorbidities had worse HRQL 
than part participants with fewer comorbidities. Participants who completed the SF-36 when restrictive public health 
control measures applied reported less limitations in social and physical functioning and less impaired mental health 
than participants who completed the SF-36 when no restrictive measures applied.
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Background
With the COVID-19 pandemic having been ongoing for 
more than 2 years, increasing attention is being paid to 
the long-term impacts on physical, social and emotional 
functioning, i.e. the health-related quality of life (HRQL), 
following SARS-CoV-2 infection. Although many 
COVID-19 patients return to their pre-COVID-19 state 
of health after the acute phase of infection [1], appreci-
able numbers of persons report ongoing post-infection 
sequelae [2].

Previous studies have shown significantly impaired 
HRQL within the first months after illness onset [3–6]. To 
date, only a few studies have investigated the long-term 
HRQL of COVID-19 patients with follow-up periods of 
12 months or beyond, showing mixed results with some 
studies reporting that patients still have impaired HRQL 
after 1 year [7–10], and others reporting most patients 
to have good physical and functional recovery [1, 11]. As 
these studies were almost exclusively conducted among 
previously hospitalized patients, an important gap in our 
knowledge remains since the majority of SARS-CoV-2 
infections are asymptomatic or mildly symptomatic not 
requiring hospitalization, and it is well established that 
long-term post-infection sequelae is not restricted to 
individuals who initially had severe or critical COVID-19 
requiring hospitalization [12].

Restrictive public health control measures to curb the 
spread of SARS-CoV-2 may also have a negative impact 
on the HRQL of COVID-19 patients. For example, being 
required to stay in isolation whilst recovering from 
COVID-19 can be socially isolating and impact mental 
health [13], and may continue to have a negative impact 
after recovery. In addition, general public health meas-
ures beyond the isolation period, such as national restric-
tions on social contacts, travel, work and leisure, may 
also negatively impact HRQL, irrespective of previous 
SARS-CoV-2 infection.

The objectives of the present study are to compare 
HRQL among persons with initial mild, moderate or 
severe/critical COVID-19 at 1 and 12 months following 
illness onset using Dutch age- and sex-matched popula-
tion HRQL norms, to investigate sociodemographic and 
clinical factors associated with impaired HRQL, and to 

investigate the impact of restrictive public health control 
measures on HRQL.

Methods
Study design and participants
The RECoVERED study is a cohort of individuals with 
laboratory-confirmed SARS-CoV-2 infection in the 
municipal region of Amsterdam, the Netherlands. Enrol-
ment began on 11 May 2020 [14]. Non-hospitalized par-
ticipants were identified from notification data at the 
Public Health Service of Amsterdam and enrolled within 
7 days of diagnosis. Prospectively enrolled hospital-
ized participants were identified from admissions to the 
COVID-19 wards of the Amsterdam University Medical 
Centers (AUMC). Up to 30 June 2020, a number of hos-
pitalized patients were included retrospectively within 3 
months following SARS-CoV-2 infection.

Eligibility criteria included laboratory confirmation of 
SARS-CoV-2 infection by reverse transcriptase polymer-
ase chain reaction (RT-PCR), age 16–85 years, residing in 
the Amsterdam region, and adequate understanding of 
Dutch or English. Excluded were nursing home residents 
and individuals with mental disorders likely to inter-
fere with adherence to study procedures. For the pre-
sent analyses, we included all participants with at least 
1 month of follow-up and at least one completed HRQL 
questionnaire on 1 December 2021.

Study procedures
Study visits at enrolment (D0) and day 7 (D7) of follow-
up took place at the participant’s home or on the hospi-
tal ward whilst subsequent visits took place at one of two 
study sites. Past medical history and sociodemographic 
data were collected during the first month of follow-up 
by participant interview and/or medical records. Physi-
cal measurements (heart rate, respiratory rate [RR], oxy-
gen saturation  [SpO2]), were measured at D0 and D7, 
or retrieved from hospital records for retrospectively 
enrolled participants.

Definitions
Illness onset was defined as the first day on which 
COVID-19 symptoms were experienced for symptomatic 

Conclusions: Twelve months after illness onset, persons with initial mild COVID-19 had HRQL within population 
norms, whereas persons with initial moderate or severe/critical COVID-19 still had impaired HRQL. Having a migration 
background and a higher number of COVID-19 high-risk comorbidities were associated with worse HRQL. Interest-
ingly, HRQL was less impaired during periods when restrictive public health control measures were in place compared 
to periods without.
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patients or date of COVID-19 diagnosis for asympto-
matic patients.

Clinical severity groups were defined based on WHO 
COVID-19 severity criteria 16: mild disease as having a 
RR <20/min and  SpO2>94% on room air at both D0 and 
D7; moderate disease as having a RR 20–30/min and/or 
 SpO2 90–94% or receiving oxygen therapy at D0 or D7; 
severe disease as having a RR>30/min and/or  SpO2<90% 
or receiving oxygen therapy at D0 or D7; critical disease 
as ICU admission due to COVID-19 at any point.

High-risk comorbidities were those identified by the 
WHO as being associated with severe COVID-19 [15] 
and include the following: cardiovascular disease (includ-
ing hypertension), diabetes mellitus, chronic pulmonary 
disease (excluding asthma), cancer, immunosuppression 
(excluding HIV, including previous organ transplanta-
tion), previous psychiatric illness, renal disease, liver 
disease and dementia. BMI was coded in kg/m2 as <25, 
underweight or normal weight; 25–30, overweight; or 
>30, obese. Migration background was categorized as 
Dutch and non-Dutch origin based on the country of 
birth of the participant and their parents [16, 17]. Par-
ticipants of non-Dutch background were further clas-
sified as originating from a OECD high-income (HIC) 
or low-/middle-income country (LMIC) [18]. Highest 
educational level was categorized as low/medium (none, 
primary/secondary school; vocational training) or high 
(university-level).

Measurement of HRQL
At months 1 and 12 of follow-up, participants com-
pleted the Medical Outcomes Study Short Form 36-item 
health survey (SF-36) [19]. The SF-36 comprises 36 items 
that address the following 8 dimensions reflecting the 
respondent’s HRQL: ability to perform usual and vigor-
ous activities (physical functioning), ability to participate 
in social and occupational activities (social functioning, 
physical role functioning, and emotional role function-
ing), mood (mental health dimension), amount of energy 
and pain (vitality/fatigue and pain dimensions) and per-
ceived current health (general health perceptions). Each 
dimension is scored from 0 to 100, with higher scores 
indicating better HRQL.

Restrictive public health measures
We defined the progression of restrictive measures that 
was applied in the Netherlands between 10 June 2020, 
when the first HRQL questionnaire was to be com-
pleted, and 1 December 2021, i.e. the date of closure of 
our database for the present analysis, based on time peri-
ods during which specific public health measures were 
implemented. We distinguished the following restrictive 
measures: evening curfew (23 January 2021 to 28 April 

2021) and closure of bars, cafes and restaurants (14 Octo-
ber 2020 to 5 June 2021), primary schools, including day 
care (14 December 2020 to 8 February 2021), secondary 
and vocational education (14 December 2020 to 1 March 
2021), higher education (16 December to 25 April 2021), 
non-essential shops (15 December 2020 to 28 April 
2021), entertainment venues (4 November 2020 to 18 
May 2021) and gyms/sport centres (15 December 2020 
to 18 May 2021) [20]. Due to the overlap in restrictive 
measures, we divided them in two groups based on time 
period and scope. We combined closure of bars, cafes, 
restaurants, entertainment venues and gym/sport centres 
and further refer to them as restrictions in leisure activi-
ties. We combined closure of educational institutions, 
non-essential shops and evening curfew and further refer 
to them as restrictions in non-leisure activities.

Statistical analysis
Characteristics of participants at enrolment were com-
pared between clinical severity groups, using chi-squared 
tests or analysis of variance, where appropriate.

Participants’ SF-36 scores were compared with pub-
lished age- and sex-matched Dutch reference adult popu-
lation norms [21]. The 8 dimensions of the SF-36 scores 
were converted to standard scores on the basis of the 
scores of an age- and sex-matched representative refer-
ence sample of the adult Dutch population. Standard 
scores were calculated by dividing the difference between 
the participants’ SF-36 score and the mean score of the 
matched reference population by the standard deviations 
(SDs) of the reference population, as described previously 
[22]. A standard score thus indicates how many SDs the 
observed SF-36 score falls below or above the score of the 
reference population. Consequently, scores of the refer-
ence population are set at 0. Because it is similar to the 
effect size calculation, a mean standard score of 0.20 is 
considered to indicate a small deviation from the refer-
ence population [22], and mean standard scores of 0.50 
and 0.80 are considered to indicate moderate and large 
deviations from the reference population, respectively 
[23].

We compared HRQL among persons with initially 
mild, moderate or severe/critical COVID-19 at 1 and 12 
months following illness onset and sociodemographic 
and clinical factors at illness onset up to 1 month asso-
ciated with more impaired HRQL using mixed linear 
models. Standard scores relative to the Dutch population 
for the eight SF-36 dimensions were the dependent vari-
ables. COVID-19 severity group and time since illness 
onset (month 1, month 12) were included as fixed effects. 
Correlation between repeated measurements within par-
ticipants was taken into account by including a random 
intercept. Mixed linear models are maximum likelihood 
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estimation-based techniques which can handle the pres-
ence of missing data and still provide valid results with-
out the need for imputation of data under the missing at 
random assumption.

We considered the following characteristics for inclu-
sion as fixed covariates: BMI category (normal weight, 
overweight, obese), number of COVID-19 high-risk 
comorbidities (<3, ≥3), migration background (Dutch-
origin, originating from a HIC, originating from a LMIC), 
highest completed educational level (low/medium, high). 
We initially looked at the impact on HRQL of having 0, 1, 
2 or ≥ 3 comorbidities. If there was a significant impact 
of number of comorbidities on HRQL, the difference was 
between the group of participants with ≥ 3 comorbidities 
versus those with <3 comorbidities. We therefore decided 
to proceed using the variable with only 2 categories, i.e. 
<3 and ≥3. We generated a multivariate model for each 
of the SF-36 dimensions using a backwards selection 
approach until all sociodemographic and baseline clini-
cal characteristics in the final model had p-values <0.05. 
COVID-19 severity group and time since illness onset 
were kept in all models irrespective of statistical signifi-
cance. If SF36-36 dimensions were significantly associ-
ated with the number of comorbidities in the multivariate 
model, we subsequently entered the specific comorbidi-
ties in the model, after removing the variable number of 
comorbidities, and investigated how much of the vari-
ance in the particular SF-36 dimension was explained by 
each comorbidity.

For the COVID-19 severity groups at month 1 and 
month 12, we checked whether the 95% confidence inter-
vals of the estimated mean standard scores of the eight 
SF-36 dimensions excluded the value zero, which would 
indicate that HRQL is significantly different from the 
age- and sex-matched population norms.

We verified if at least one of the restrictions in lei-
sure activities applied (yes/no) and/or at least one of 
the restrictions in non-leisure activities applied (yes/no) 
on the date that a participant completed the SF-36. The 
restrictive measures were added to the final multivariate 
mixed linear model for each of the eight SF-36 dimen-
sions as a time-dependent covariate to examine impact 
on HRQL.

As we had a priori determined that the variables initial 
COVID-19 severity and time (month 1, month 12) should 
be kept in all models irrespective of statistical signifi-
cance, another 6 variables were investigated as potential 
determinants, of which 3 variables had 3 categories, so 
that a total of 11 parameters had to be estimated. Con-
sequently, we would need to include at least 220 partici-
pants to satisfy the rule of thumb to have at least 10 to 
20 participants per predictor variable for a continuous 
outcome measure. Statistical analysis was conducted 

using SPSS version 28 (IBM Corp, Armonk, NY). Two-
sided p-values <0.05 were considered to indicate statisti-
cal significance.

Results
By 1 December 2021, a total of 269 (77%) out of 349 par-
ticipants enrolled in the cohort had completed at least 
one HRQL questionnaire. A total of 111 participants 
completed a questionnaire at both month 1 and month 
12, 101 only at month 1 and 57 only at month 12. Of note, 
not all participants had reached the month 12 time point 
at closure of the database for the present analyses. Char-
acteristics at enrolment are shown in Table  1. Partici-
pants who did not complete questionnaires more often 
originated from a LMIC, had a lower educational level, 
more often had severe/critical COVID-19 and had more 
often been hospitalized (See Additional file 1: Table S1).

Impact on HRQL of initial COVID‑19 severity
Table 2 shows the impact on HRQL of initial COVID-19 
severity, time since illness onset and sociodemographic- 
and clinical characteristics according to the final multi-
variate mixed linear models adjusted for confounders. 
All final models included clinical severity and time since 
illness onset, as predetermined, and migration back-
ground. The model for physical functioning and general 
health additionally included the number of comorbidities 
(Table  2). On 7 out of 8 SF-36 dimensions, participants 
with mild COVID-19 had significantly better HRQL than 
participants with moderate or severe/critical COVID-19, 
whereas there was no statistically significant difference in 
HRQL between participants with moderate and severe/
critical COVID-19. The exception was the mental health 
dimension where participants with mild COVID-19 had 
significantly better mental health than participants with 
moderate COVID-19, but there were no significant dif-
ferences between participants with mild or moderate ver-
sus severe/critical COVID-19. HRQL was significantly 
better at month 12 compared with month 1 on seven out 
of eight SF-36 dimensions. On the general health percep-
tions dimension, month 1 scores were not significantly 
different from month 12 scores.

Dutch-origin participants had significantly better 
HRQL than participants with a migration background 
from either HIC or LMIC countries on the dimensions 
physical, social and role physical functioning, bodily pain 
and vitality. Dutch-origin participants and participants 
from LMIC had significantly better HRQL than partici-
pants from HIC on the dimensions general health, role 
emotional and mental health.

Participants with three or more COVID-19 high-risk 
comorbidities had significantly worse HRQL on the 
dimensions physical functioning and general health than 
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participants with less than three COVID-19 high-risk 
comorbidities. We subsequently looked at the impact of 
specific comorbidities. Immunosuppression explained 
the largest percentage of variance in physical function-
ing, i.e. 4.6% followed by previous psychiatric illness, i.e. 
1.9%. Previous psychiatric illness explained the largest 
percentage of variance in general health, i.e. 3.6%, fol-
lowed by immunosuppression, i.e. 3.3% and by the cat-
egory “other” (renal disease, liver disease and dementia), 
i.e. 2.9%. Remaining comorbidities explained less than 

1% of variance and are therefore considered of negligible 
influence.

HRQL compared with age‑ and gender‑matched 
populations norms
One month after illness onset, participants had HRQL 
scores below population norms on seven out of eight 
SF-36 dimensions (Fig.  1 A–G). These HRQL scores 
were derived from the final multivariate mixed linear 
models adjusted for confounders. Deviations from the 

Table 1 Sociodemographic, clinical (baseline and COVID-19-related) characteristics of RECoVERED study participants

Continuous variables presented as mean (standard deviation) and compared using analysis of variance; categorical and binary variables presented as n(%) and 
compared using the Pearson χ2 test (or Fisher exact test if n<5)

Clinical severity groups defined as mild as having a RR<20/min and  SpO2 on room air >94% at both days 0 and 7; moderate disease as having a RR 20–30/min,  SpO2 
90–94% and/or receiving oxygen therapy at day 0 or 7; severe disease as having a RR>30/min or  SpO2 < 90% at day 0 or 7; critical disease as requiring ICU admission

COVID-related comorbidities are based on WHO Clinical Management Guidelines and include: cardiovascular disease (including hypertension), chronic pulmonary 
disease (excluding asthma), renal disease, liver disease, cancer, immunosuppression (excluding HIV, including previous organ transplantation), previous psychiatric 
illness and dementia

BMI body mass index, OECD Organisation for Economic Co-operation and Development, HIC high-income country, LMIC low- or middle-income country, ICU intensive 
care unit
a Other includes renal disease, liver disease and dementia

Mild Moderate Severe/critical P‑value
N=82 N=122 N=65

Sex 0.18

 Male 38 (46%) 67 (55%) 40 (62%)

 Female 44 (54%) 55 (45%) 25 (38%)

Age (years), mean (SD) 43 (17) 48 (15) 57 (12) <0.001

BMI category <0.001

 Normal weight 48 (59%) 51 (42%) 14 (22%)

 Overweight 21 (26%) 42 (34%) 29 (47%)

 Obese 12 (15%) 29 (24%) 16 (31%)

Migration background <0.001

 Dutch origin 61 (75%) 73 (61%) 35 (55%)

 OECD high income 11 (14%) 20 (17%) 4 (6%)

 OECD low/middle income 9 (11%) 27 (22%) 35 (39%)

Highest level of education <0.001

 None, primary, secondary or vocational training 14 (17%) 51 (42%) 35 (55%)

 University education 67 (83%) 70 (58%) 29 (45%)

Number of COVID-19 high-risk comorbidities 0.032

 <3 80 (98%) 113 (93%) 56 (86%)

 3 or more 2 (2%) 9 (7%) 9 (14%)

COVID-19 high-risk comorbidities

 Cardiovascular 11 (13.4%) 31 (25.4%) 30 (46.9%) 0.001

 Diabetes mellitus 3 (3.7%) 10 (8.2%) 15 (23.4%) 0.001

 Chronic respiratory disease 1 (1.2%) 8 (6.6%) 10 (15.6%) 0.003

 Cancer 5 (6.1%) 7 (5.7%) 4 (6.3%) 0.99

 Immunodeficiency 0 3 (2.5%) 2 (3.1%) 0.31

 Previous psychiatric illness 5 (6.1%) 7 (5.7%) 3 (4.7%) 0.93

  Othera 11 (13.6%) 33 (27.3% 16 (25.0%) 0.064

Hospital admission 3 (4%) 53 (43%) 61 (94%) <0.001

ICU admission 0 0 32 (49%) <0.001
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Fig. 1 HRQL compared with general population norms. Participants with initial mild COVID-19 are shown in green, initial moderate COVID-19 in 
blue and initial severe/critical COVID-19 in red. Solid line at zero indicates no difference compared with general population. Values are estimate 
marginal means with 95% confidence intervals from mixed linear models adjusted for confounders
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population norms were highest for social function-
ing (−1.68, indicating a large effect, for participants 
with moderate COVID-19) and lowest for bodily pain 
(−0.20, indicating a small effect, for patients with mild 
COVID-19). On the general health dimension, partici-
pants with mild COVID-19 scored within population 
norms, whereas participants with moderate or severe/
critical COVID-19 had scored below population norms.

After 12 months, HRQL was within population 
norms on the dimensions bodily pain and role physi-
cal in all clinical severity groups. On the dimensions 
physical functioning, social functioning, vitality, role 
emotional and general health, participants with initial 
mild COVID-19 had HRQL within population norms, 
whereas participants with initial moderate or severe/
critical COVID-19 still had HRQL below population 
norms. On the mental health dimension, only par-
ticipants with initial moderate COVID-19 had HRQL 
below population norms. The absolute and unadjusted 
differences to the population norms are shown in Fig. 2.

Impact of restrictive public health measures on HRQL
Participants who completed a HRQL questionnaire 
when restrictions in leisure activities applied reported 
less impairments in mental health than participants who 
completed a HRQL questionnaire when no restrictions 
in leisure activities applied ((mean (se): −0.15 (0.08) ver-
sus −0.38 (1.0), p=0.039). Participants who completed 
a HRQL questionnaire when restrictions in non-leisure 
activities applied reported less limitations in social func-
tioning (mean (se): −0.67 (0.11) versus −0.96 (0.09), 
p=0.042) and in physical functioning (mean (se): −0.68 
(0.17) versus −0.99 (0.15), p=0.039) than participants 
who completed a HRQL questionnaire when no restric-
tions in these activities applied.

Discussion
In this prospective cohort among participants with mild, 
moderate and severe/critical initial COVID-19 severity, 
HRQL was substantially impaired 1 month after illness 
onset. Twelve months after illness onset, participants 
with initial mild COVID-19 had HRQL comparable with 
population norms, whereas participants with initial mod-
erate or severe/critical COVID-19 still had impaired 
HRQL on five out of eight HRQL dimensions. Interest-
ingly, HRQL was less impaired during periods when 
restrictive public health control measures applied than in 
periods when no restrictive measures applied.

To the best of our knowledge, only four previous stud-
ies investigating HRQL about 1 year after SARS-CoV-2 
infection included non-hospitalized participants. Stein-
beis et al. found that HRQL improved over time among 
patients with higher disease severity, whereas it remained 

constant among patients in the lower severity categories 
[24]. Seeβle et al. did not report about HRQL in relation 
to COVID-19 severity or time since illness onset [10]. 
Han et al. found that patients with mild COVID-19 not 
requiring hospitalization who were experiencing persis-
tent symptoms 1 year after COVID-19 had poorer HRQL 
than patients without persistent symptoms [25]. O’Kelly 
et  al. found that non-hospitalized patients had better 
mental HRQL and tended to have better physical HRQL 
than hospitalized patients 1 year after COVID-19 [26].

Our finding that participants with initial mild COVID-
19 had HRQL that was, on average, comparable with pop-
ulation norms after 12 months is reassuring, as long-term 
post-infection sequelae can also occur after mild disease 
[14]. Participants with initial moderate or severe/critical 
COVID-19 still had impaired HRQL on more than half of 
the HRQL dimensions compared with population norms 
after 12 months. Because there was no assessment of par-
ticipants’ pre-COVID-19 HRQL, we cannot draw definite 
conclusions about whether participants had returned to 
their pre-COVID-19 level of HRQL or if their level of 
HRQL was still impaired.

At month 12, participants with initial moderate or 
severe COVID-12 still had impaired HRQL on the 
dimensions physical, social and role emotional function-
ing, vitality and general health with moderate to large 
deviations from general population norms. A previous 
study comparing these HRQL domains between indi-
viduals with and without chronic conditions (arthritis, 
chronic lung disease, congestive heart failure, diabetes 
and ischemic heart disease) found decrements of a small 
to moderate magnitude on these HRQL domains among 
those with chronic health conditions (26). The time since 
onset of these chronic conditions was not specified so 
that participants may have already adapted to living with 
these chronic conditions. Nevertheless, this implies that 
the impact of COVID-19 on HRQL after 12 months may 
still be substantial even if the effect of comorbidity on 
HRQL is taken into account.

In general, HRQL was less impaired during periods 
when restrictive public health control measures applied 
than during periods without restrictive measures. We 
had expected the opposite as in general populations 
worldwide, decreases in subjective well-being have been 
reported as a consequence of restrictive measures [27]. 
Our result are consistent with social comparison theory 
according to which it would be expected that partici-
pants feel less impaired if other people are also restricted 
in what they can do. Conversely, if others are no longer 
restricted in their activities, participants may experience 
more limitations [28].

Being a migrant from either a LMIC or HIC was associ-
ated with having worse HRQL, but this association was 
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Fig. 2 Mean unadjusted HRQL scores compared with mean general population scores. General population is shown in black, participants with 
initial mild COVID-19 are shown in green, initial moderate COVID-19 in blue and initial severe/critical COVID-19 in red. Dotted line indicates the 
general population mean. Values are unadjusted mean scores with 95% confidence intervals
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more pronounced for HIC. Residing in a foreign coun-
try during a global pandemic with an unfamiliar health 
system when becoming ill can be expected to be particu-
larly challenging. Being more isolated from traditional 
support networks such as friends and families may also 
have led to feelings of loneliness and contributed to a 
negative impact on HRQL. Possibly, the negative impact 
of COVID-19 on HRQL was less pronounced for par-
ticipants from LIC because they are more accustomed to 
cope with adverse circumstances. Another explanation 
might be that HIC persons could be more accustomed 
to high quality of care and have higher expectations for 
such care. It could be that Dutch health care systems 
potentially fair less well than HIC persons would expect 
based on their experience back home. This might not be 
the case for LIC where expectations from the health ser-
vices are low in comparison to the Netherlands. Clearly, 
our finding of a more severe impact on HRQL among 
migrants from HIC compared with LIC needs to be cor-
roborated in other studies.

A point of caution: we compared HRQL with Dutch 
general population norms in the absence of an uninfected 
(SARS-CoV-2 negative) control group. These norms were 
collected before the COVID-19 pandemic. If the COVID-
19 pandemic would have a negative impact on the gen-
eral population’s HRQL, this would render comparing 
pandemic outcomes with pre-pandemic norms inappro-
priate. However, the negative impacts of the pandemic 
on the well-being of general populations worldwide have 
been reported to be mild and transient [29, 30].

A limitation of this study is that the Dutch population 
norms were not stratified according to the presence of 
comorbidities. Of the persons included in the Dutch 
population norms, 48% had no chronic health condi-
tion, 29% had one condition and 23% had more than 
one condition, but HRQL normative data are not avail-
able separately for these groups. Participants with ini-
tial moderate or severe/critical COVID-19 more often 
had medical comorbidities, possibly relating to lower 
pre-COVID-19 HRQL. Nevertheless, only two of the 
HRQL domains were affected by the number of comor-
bidities, i.e. physical functioning and general health 
perceptions, but these were among the domains that 
remained below populations norms at month 12.

Participants with initial severe/critical COVID-
19, previously hospitalized, a lower educational level 
and migrants from LMIC were less likely to complete 
HRQL questionnaires and to be included in the present 
HRQL study. Given that these factors were also asso-
ciated with impaired HRQL, this may have resulted 
in an underestimation of the impact of COVID-19 on 
HRQL. Another limitation is that persons with men-
tal disorders likely to interfere with adherence to study 

procedures were not eligible to participate. About 5% of 
the hospitalized persons were excluded for this reason, 
and for non-hospitalized persons, this was not regis-
tered. Exclusions concerned persons with acute severe 
mental illness such as delirium and persons with Alz-
heimer’s disease or intellectual disabilities. Therefore, 
our results cannot be generalized to persons with delir-
ium, Alzheimer’s disease or intellectual disabilities.

This study also has several strengths. The vast major-
ity of our participants had initial mild or moderate 
COVID-19 not requiring hospitalization. Currently, 
this is an understudied group with respect to long-
term impacts on HRQL after COVID-19. Our prospec-
tive cohort study also follows participants from illness 
onset, thereby minimizing selection bias resulting from 
individuals self-referring due to poor HRQL. Another 
strength is our long follow-up period, allowing us to 
study truly long-term HRQL impacts of COVID-19.

Conclusions
Twelve months after illness onset, participants with ini-
tial mild COVID-19 had, on average, HRQL compara-
ble with population norms, whereas participants with 
initial moderate or severe/critical COVID-19 still had 
impaired HRQL on more than half of the HRQL dimen-
sions. Being a migrant from a HIC was associated with 
more impaired HRQL. HRQL was less impaired during 
periods when restrictive public health measures applied 
than in periods when no restrictions applied.
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