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Persistence of somatic symptoms after COVID-19 in the 
Netherlands: an observational cohort study
Aranka V Ballering, Sander K R van Zon, Tim C olde Hartman, Judith G M Rosmalen, for the Lifelines Corona Research Initiative*

Summary
Background Patients often report various symptoms after recovery from acute COVID-19. Previous studies on post-
COVID-19 condition have not corrected for the prevalence and severity of these common symptoms before COVID-19 
and in populations without SARS-CoV-2 infection. We aimed to analyse the nature, prevalence, and severity of long-
term symptoms related to COVID-19, while correcting for symptoms present before SARS-CoV-2 infection and 
controlling for the symptom dynamics in the population without infection.

Methods This study is based on data collected within Lifelines, a multidisciplinary, prospective, population-based, 
observational cohort study examining the health and health-related behaviours of people living in the north of the 
Netherlands. All Lifelines participants aged 18 years or older received invitations to digital COVID-19 questionnaires. 
Longitudinal dynamics of 23 somatic symptoms surrounding COVID-19 diagnoses (due to SARS-CoV-2 alpha [B.1.1.7] 
variant or previous variants) were assessed using 24 repeated measurements between March 31, 2020, and Aug 2, 2021. 
Participants with COVID-19 (a positive SARS-CoV-2 test or a physician’s diagnosis of COVID-19) were matched by 
age, sex, and time to COVID-19-negative controls. We recorded symptom severity before and after COVID-19 in 
participants with COVID-19 and compared that with matched controls.

Findings 76 422 participants (mean age 53∙7 years [SD 12∙9], 46 329 [60∙8%] were female) completed a total of 
883 973 questionnaires. Of these, 4231 (5∙5%) participants had COVID-19 and were matched to 8462 controls. 
Persistent symptoms in COVID-19-positive participants at 90–150 days after COVID-19 compared with before 
COVID-19 and compared with matched controls included chest pain, difficulties with breathing, pain when breathing, 
painful muscles, ageusia or anosmia, tingling extremities, lump in throat, feeling hot and cold alternately, heavy arms 
or legs, and general tiredness. In 12∙7% of patients, these symptoms could be attributed to COVID-19, as 381 (21∙4%) 
of 1782 COVID-19-positive participants versus 361 (8∙7%) of 4130 COVID-19-negative controls had at least one of 
these core symptoms substantially increased to at least moderate severity at 90–150 days after COVID-19 diagnosis or 
matched timepoint.

Interpretation To our knowledge, this is the first study to report the nature and prevalence of post-COVID-19 condition, 
while correcting for individual symptoms present before COVID-19 and the symptom dynamics in the population 
without SARS-CoV-2 infection during the pandemic. Further research that distinguishes potential mechanisms 
driving post-COVID-19-related symptomatology is required.

Funding ZonMw; Dutch Ministry of Health, Welfare, and Sport; Dutch Ministry of Economic Affairs; University 
Medical Center Groningen, University of Groningen; Provinces of Drenthe, Friesland, and Groningen.
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Introduction
After recovery from acute COVID-19, a substantial 
proportion of patients continue to experience symptoms 
of a physical, psychological, or cognitive nature.1 These 
long-term sequelae of COVID-19 have been described as 
the next public health disaster in the making, and there 
is an urgent need for empirical data informing on the 
scale and scope of the problem to support the 
development of an adequate health-care response.2,3

Research has been hampered by an absence of a 
consensus on the prevalence and nature of the post-
COVID-19 condition.2 A systematic review examining the 
frequency and variety of persistent symptoms after 
COVID-19 reported that the median proportion of 
patients with at least one persistent symptom was 72∙5%.4 

However, this estimated prevalence largely depends on 
the timeframe, population, and symptoms used to define 
post-COVID-19 condition. The timeframe used varies 
from 4 weeks to more than 6 months after a COVID-19 
diagnosis, with 3 months being the most commonly 
used.5 Furthermore, most studies have relied on follow-up 
of hospitalised patients with COVID-19.4 The vast 
majority of people with COVID-19, however, have mild 
disease and are not hospitalised,6 and hospitalisation 
itself is associated with somatic symptoms.7

Another complicating factor is that there is no 
consensus on the nature of the symptoms that can be 
attributed to COVID-19. Selection of the symptoms is 
crucial for charting the scale and scope of post-
COVID-19 condition. However, frequently reported 

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(22)01214-4&domain=pdf
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post-COVID-19 symptoms are also common in the 
general population.4,8,9 Symptoms such as fatigue and 
headaches might be worsened during the pandemic 
also in people without COVID-19, for example, due to 
anxiety-induced stress or the combination of work and 
homeschooling.10,11 An additional complication is that 
some of the symptoms reported after COVID-19 might 
already have been present before COVID-19 and might 
even reflect a pre-existing susceptibility to COVID-19 
itself, rather than being a consequence of SARS-CoV-2 
infection.

Therefore, detailed information about symptom 
dynamics before and after SARS-CoV-2 infection in the 
general population is needed to provide insight into the 
scale and scope of post-COVID-19 condition. However, 
such data—requiring repetitive measurements of 
symptom scores before and after SARS-CoV-2 infection—
have not yet been reported. Furthermore, symptom 
dynamics need to be compared between people affected 
by COVID-19 and a matched sample of people without 
infection to be able to separate the effects of the 
SARS-CoV-2 infection from the effects of the pandemic, 

associated social restrictions, and public health measures 
on symptom dynamics in the general population.12

We aimed to analyse the nature, prevalence, and severity 
of long-term symptoms related to COVID-19, while 
correcting for symptoms present before SARS-CoV-2 
infection and controlling for the symptom dynamics in 
the population without infection.

Methods
Study design and participants
This study is based on data collected within the Lifelines 
COVID-19  cohort study, an add-on study to the 
multidisciplinary, prospective, population-based, 
observational Dutch Lifelines cohort study examining the 
health and health-related behaviours of 167 729 people in 
the north of the Netherlands (>98% White, 58% female).13,14 
There were no specific inclusion criteria for the Lifelines 
study. Exclusion criteria for Lifelines were severe mental 
illness, short life expectancy (<5 years) at time of 
inclusion, insufficient knowledge of the Dutch language 
to complete questionnaires, and not being able to visit a 
general practitioner.14 All Lifelines participants aged 

Research in context

Evidence before this study
We searched PubMed, Google Scholar, and preprint repositories 
from November, 2019, to February, 2022, for studies published 
in Dutch or English that investigated the course of post-
COVID-19 condition (ie, long COVID) over time, the symptoms 
associated with post-COVID-19 condition, and the prevalence 
of post-COVID-19 condition. Furthermore, we searched for 
studies and policy documents from (global) public health 
institutes (eg, WHO) that aimed to clinically define post-
COVID-19 condition. A formal systematic review was not 
conducted. Most previous research that assessed the prevalence 
and symptoms associated with post-COVID-19 condition did 
not include an adequate control group, and so no adjustments 
for the prevalence of somatic symptoms in the population 
without COVID-19 could be made. Additionally, we found no 
studies that included patients’ symptom prevalence before 
COVID-19 diagnosis; therefore, the previous studies were 
unable to assess whether somatic symptoms reported after a 
COVID-19 diagnosis were already present before SARS-CoV-2 
infection. Most research was conducted in a clinical setting, 
disregarding post-COVID-19 condition in the general 
population. In the context of these shortcomings, a systematic 
review estimated that the median proportion of patients with 
at least one somatic symptom after COVID-19 was 72∙5%.

Added value of this study
To our knowledge, this study is the first to include a control 
group matched for age, sex, and time, enabling us to adjust for 
symptom presence in the general population and changes 
herein due to public health measures and seasonal influences. 
Additionally, the repeated-measures nature of this study 

enabled us to assess symptom severity in patients with 
COVID-19 before they had SARS-CoV-2 infection. Therefore, we 
could assess whether symptom severity was truly increased 
after a COVID-19 diagnosis, or whether symptoms were a 
continuation of pre-existing symptoms. Our approach allowed 
for identification of core symptoms that define post-COVID-19 
condition, as these are increased in severity 90–150 days after a 
COVID-19 diagnosis compared with patient’s pre-existing 
symptom severity.

Implications of all the available evidence
Our unique approach allows us to present the core symptoms, 
namely chest pain, difficulties with breathing, pain when 
breathing, painful muscles, ageusia or anosmia, tingling 
extremities, lump in throat, feeling hot and cold alternately, 
heavy arms or legs, and general tiredness, which could define 
post-COVID-19 condition. Additionally, we offer an improved 
working definition of post-COVID-19 condition and provide a 
reliable prevalence estimate in the general population corrected 
for pre-existing symptoms, and symptoms in COVID-19-
negative controls. Taking into account the symptoms that 
increased in severity and could be attributed to COVID-19, 
while correcting for seasonal fluctuations and non-infectious 
health aspects of the pandemic on symptom dynamics, we 
estimated that 12∙7% of patients with COVID-19 in the general 
population will experience persistent somatic symptoms after 
COVID-19. Additionally, these core symptoms have major 
implications for future research, as these symptoms have the 
highest discriminative ability to distinguish between post-
COVID-19 condition and non-COVID-19-related symptoms.
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18 years or older with a known email address 
received invitations to complete digital COVID-19 
questionnaires.15 We included data from 24 consecutive 
measurements collected in the Lifelines COVID-19 cohort 
study between March 31, 2020, and Aug 2, 2021, for which 
response rates varied between 28% and 49%. Initially, 
questionnaires were sent out weekly but from June, 2020, 
data were collected every 2 weeks, and from August, 2020, 
data were collected on a monthly basis.15 The Lifelines 
cohort study and its add-on studies were approved by the 
Medical Ethical Committee of University Medical Center 
Groningen (2007/152) and participants provided written 
informed consent to take part. Further details on the 
cohort, design considerations, and recruitment 
procedures, as well as additional information on the 
COVID-19 pandemic in the Netherlands, have been 
published previously.13–15

Procedures 
Participants completed digital questionnaires on 
multiple topics, including sociodemographics and 
physical and mental health during the COVID-19 
pandemic. In January, 2021, the Dutch national 
immunisation programme for COVID-19 was initiated. 
On March 1, 2021, only 3∙7% of the total Lifelines study 
population was fully vaccinated, increasing to 9∙8% by 
the end of April, 2021, when the last COVID-19 cases for 
the current study were included. Until July, 2021, the 
alpha (B.1.1.7) SARS-CoV-2 variant was dominant in the 
Netherlands. Participants’ COVID-19 positivity was 
defined as either a positive SARS-CoV-2 test or a 
physician’s diagnosis of COVID-19, which was based on 
the evolving clinical case definition issued by the Dutch 
Institute for Public Health and the Environment. 
Physician diagnosis of COVID-19 was included as 
positivity because SARS-CoV-2 testing in the Netherlands 
was strongly restricted up until August, 2020.6 We only 
included participants’ first SARS-CoV-2 infections.

We analysed 23 symptoms: headache, dizziness, chest 
pain, back pain, nausea, painful muscles, difficulties with 
breathing, feeling hot and cold alternately, tingling 
extremities, lump in the throat, general tiredness, heavy 
arms or legs, pain when breathing, runny nose, sore 
throat, dry cough, wet cough, fever, diarrhoea, stomach 
pain, ageusia or anosmia, sneezing, and itchy eyes. The 
first 12 of these symptoms were derived from the validated 
Symptom CheckList-90 Somatization (SCL-90 SOM) 
subscale,16 which has been shown to have sufficient 
measurement invariance, making it suitable to assess 
symptoms repeatedly over time.17 The remainder of the 
symptoms were added as these were considered to be 
related to COVID-19 at the start of the study. All symptoms 
were assessed using an ordinal 5-point Likert scale that 
answered to what extent participants were bothered by 
the respective symptom (1=not at all, 5=extremely) in the 
past 7 days. The timeframe was changed to the past 
14 days when questionnaires were sent out every 2 weeks 

and monthly. The item assessing sneezing was introduced 
in the second questionnaire. Stomach pain and diarrhoea 
were assessed by a combined item in the first two 
questionnaires, but thereafter these were assessed 
by separate items. We included these first two 
measurements for both stomach pain and diarrhoea. 
Presence of symptoms was defined by a score of at 
least 3 (ie, moderately bothered by the symptom).

To assess persistence of somatic symptoms after a 
COVID-19 diagnosis, we first calculated participants’ 
individual mean pre-COVID-19 score per symptom. We 
excluded reports on symptom severity collected in the 
week before COVID-19 diagnosis, as increased symptom 
severity might have prompted participants to seek 
SARS-CoV-2 testing or a physician’s diagnosis. If no 
information on symptom severity before the COVID-19 
diagnosis was available, participants were excluded from 
the analyses.

Statistical analysis 
Characteristics of the study population, including age, 
level of education, and presence of chronic disease 
(appendix p 2), are provided as absolute numbers with 
concomitant percentages. If appropriate, information on 
continuous measurements are provided as means with 
SD. Data were examined for normality using Q-Q plots 
and histograms. All information, except for age and sex, 
was self-reported by participants.

We describe COVID-19-positive participants’ moving 
average symptom report, including the moving average’s 
SE, over time, stratified by symptom and participants’ 
sex. The moving average was based on an interval of 
28 days to avoid fluctuations in symptoms resulting from 
differences in subsamples of the cohort completing the 
questionnaire on a specific day. We randomly matched 
COVID-19-positive participants with COVID-19-negative 
controls (1:2), by sex (male or female), age (split at the 
median, ≤52 years or ≥53 years), and time of completing 
questionnaires that indicated a COVID-19 diagnosis 
(measurement wave, range 1–24). We matched for time 
to account for the variation in symptom burden during 
the pandemic in the population without COVID-19 
due to seasonal effects and non-infectious pandemic 
consequences.

We describe the relative frequency of COVID-19-positive 
participants and COVID-19-negative matched controls in 
whom mean symptom severity from 90 to 150 days after 
COVID-19 was at least moderate (ie, score of ≥3), stratified 
per symptom. Additionally, we describe the relative 
frequency of participants in whom mean symptom severity 
from 90 to 150 days after a COVID-19 diagnosis was 
increased by at least 1 point compared with before 
COVID-19, resulting in at least moderate symptom severity 
(ie, score of ≥3), stratified per symptom. We further 
assessed whether the presence of symptoms that increased 
substantially to at least moderate symptom severity 
from 90 to 150 days after COVID-19 or matched time 
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differed in distribution between COVID-19-positive 
participants and COVID-19-negative controls via χ² tests. 
We maintained a two-sided α level of p<0∙001 (0∙05 divided 
by 50; 23 symptoms and two [sub]totals, each tested two 
times) to correct for the number of performed tests. We 
assessed mean symptoms at 90–150 days after COVID-19, 
based on at least one questionnaire, in concordance with 
the recently proposed WHO clinical case definition for 
post-COVID-19 condition that states symptoms occur 
usually 3 months from the onset of COVID-19 and last for 
at least 2 months. The 1-point difference was assessed as 
this is the minimal change participants could indicate on 
the 5-point Likert scale.

Furthermore, in sensitivity analyses, we assessed the 
prevalence of symptoms at 3 months after COVID-19 
restricted to people who had a positive SARS-CoV-2 test.

IBM SPSS (version 25) was used to perform all analyses. 
In compliance with the SAGER guidelines, we report our 
findings stratified by participants’ sex if appropriate.18

Role of the funding source 
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results 
76 422 participants (mean age 53∙7 years [SD 12∙9], 
46 329 [60∙8%] were female) completed a total of 
883 973 questionnaires. Of these, 4231 (5∙5%) participants 
were COVID-19 positive (mean age 52∙4 years [SD 11∙7], 
2779 [65∙7%] were female; table 1; appendix p 4); they 
completed 62 224 questionnaires (appendix p 5). Female 
COVID-19-positive participants completed a median of 
17 questionnaires (IQR 8–23), male COVID-19-positive 
participants completed a median of 18 (9–23). The 
maximum follow-up time was 484 days after 
COVID-19 diagnosis (median 101 days [IQR 43–199]). 
COVID-19-positive participants were matched to 
8462 COVID-19-negative controls who together 
completed 140 810 questionnaires (appendix p 4). Both 
male and female control participants completed a 
median of 20 questionnaires (IQR 12–24) each. The 
maximum follow-up time of control participants was 
481 days after their matched timepoint (median 104 days 
[IQR 46–201]). The sex-stratified 28-day moving average 
of control participants’ mean sum score of all 23 assessed 
symptoms is shown in the appendix (p 3). Men were 
more frequently hospitalised due to COVID-19 than 
women (5∙0% of male vs 2∙5% of female COVID-19-
positive participants).

Visual inspection of symptom dynamics over time 
indicated that almost all assessed symptoms showed an 
increase in severity in COVID-19-positive participants 
compared with controls during the acute phase of 
COVID-19 (figures 1–3). Diarrhoea and stomach pain, 
as well as cold-like symptoms including sneezing, wet 
and dry cough, runny nose, fever, and sore throat on 

average returned to pre-COVID-19 severity within 
50 days of a COVID-19 diagnosis, which suggests that 
these symptoms were predominantly present during 
the acute phase of the disease (figure 1).

Symptoms that were more severe in COVID-19-positive 
participants 90–150 days after COVID-19 compared with 
symptom scores before COVID-19 and compared with 
matched controls (ie, the core symptoms of post-
COVID-19 condition) included: cardiopulmonary 
symptoms (chest pain, difficulties with breathing, and 
pain when breathing), musculoskeletal symptoms 
(painful muscles), sensory symptoms (ageusia or 
anosmia, tingling extremities, lump in throat, and feeling 
hot and cold alternately), and general symptoms (heavy 
arms or legs, and general tiredness; figure 2). These 
symptoms differed based on both visual inspection of 
symptom dynamics and on the significance of the 
difference in distribution of symptoms that increased 
substantially to at least moderate severity in COVID-19-
positive participants and control participants (table 2). 
Mean severity for these symptoms appeared to have 
reached a plateau at 3 months, with no further decline in 
mean severity thereafter. Symptoms that were not 
significantly increased in mean severity at 90–150 days 
after a COVID-19 diagnosis included headache, itchy 
eyes, dizziness, back pain, and nausea (figure 3).

Visual inspection of the core symptoms suggests that 
in many of these symptoms, including lump in throat, 
heavy arms or legs, general tiredness, and feeling hot 

Male participants 
(n=1452)

Female participants 
(n=2779)

Age, years 54∙3 (11∙5) 51∙4 (11∙7)

BMI, kg/m² 26∙6 (3∙7) 26∙3 (4∙9)

Level of education

Low 193 (13∙3%) 274 (9∙9%)

Medium 694 (47∙8%) 1484 (53∙4%)

High 532 (36∙6%) 896 (32∙2%)

Missing 33 (2∙3%) 125 (4∙5%)

Chronic disease*

Absent 1225 (84∙4%) 2209 (79∙5%)

Present 110 (7∙6%) 287 (10∙3%)

Missing 117 (8∙1%) 283 (10∙2%)

Smoking

No 1356 (93∙4%) 2543 (91∙5%)

Yes 63 (4∙3%) 143 (5∙1%)

Missing 33 (2∙3%) 93 (3∙3%)

Method of COVID-19 diagnosis

Physician’s diagnosis 297 (20∙5%) 602 (21∙7%)

Positive SARS-CoV-2 test 1155 (79∙5%) 2177 (78∙3%)

Hospitalised with COVID-19 72 (5∙0%) 70 (2∙5%)

Data are mean (SD) or n (%). *See the appendix (p 2) for the full list of included 
chronic diseases. The characteristics of the COVID-19-negative controls compared 
with COVID-19-positive participants are provided in the appendix (p 4).

Table 1: Characteristics of the COVID-19-positive participants 
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and cold alternately, sex differences were present. 
Female COVID-19-positive participants showed a longer 
persistence of increased symptom severity after 
COVID-19 than male COVID-19-positive participants 
(figure 2). A similar pattern was observed in acute 
symptoms, such as dry cough, stomach pain, and 
diarrhoea (figure 1), and in all symptoms that were not 
significantly increased in severity at 90–150 days after a 
COVID-19 diagnosis, except for back pain. Table 2 
shows the frequencies of COVID-19-positive participants 
and controls that had symptoms of at least moderate 
severity at 90–150 days after COVID-19 or matched 
timepoint. In total, 790 (40∙7%) of 1942 COVID-19-
positive participants had at least one symptom of 
moderate severity at 90–150 days, compared with 
1275 (29∙3%) of 4353 controls. Painful muscles and 
back pain were the most frequent symptoms in both 
COVID-19-positive participants (13∙5% and 10∙8%, 

respectively) and controls (8∙7% and 9∙5%, respectively). 
This analysis, however, did not consider symptom 
severity before COVID-19.

A greater proportion of COVID-19-positive participants 
had a substantial increase in symptom severity resulting 
in moderate symptom severity of at least one symptom at 
90–150 days after COVID-19 diagnosis than control 
participants during the same period (526 [29∙6%] of 
1782 participants vs 749 [18∙1%] of 4130; table 2). Ageusia 
or anosmia (135 [7∙6%] of 1782 participants), painful 
muscles (130 [7∙3%]) and general tiredness (88 [4∙9%]) 
were most frequently increased to moderate severity 
in COVID-19-positive participants, while they were 
increased in 17 (0∙4%), 134 (3∙2%), and 87 (2∙1%) control 
participants, respectively. The prevalence of ageusia or 
anosmia of increased severity (7∙6%) was 19 times 
greater in COVID-19-positive participants than in 
controls (0∙4%). Sensitivity analyses in which participants 

Figure 1: Acute symptoms
The shaded areas represent the SE of the moving average.
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with a physician’s diagnosis of COVID-19 were excluded 
(including only those with a positive SARS-CoV-2 test) 
showed similar results (appendix pp 6–7).

Restricting the definition of post-COVID-19 condition 
to core symptoms (figure 2) showed that 381 (21∙4%) of 
1782 COVID-19-positive participants versus 361 (8∙7%) 
of 4130 controls had at least one symptom substantially 

increased to at least moderate severity (χ² [df 1] 181∙1; 
p<0∙0001; denominators based on participants with 
data available for at least 7 days before their SARS-CoV-2 
infection or matched timepoint and 90–150 days after 
their COVID-19 diagnosis or matched timepoint). This 
finding implies that in 12∙7% of patients with COVID-19, 
the increased core symptoms with moderate severity at 

Figure 2: Core symptoms
The shaded areas represent the SE of the moving average.
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3 months after COVID-19 could be attributed to 
SARS-CoV-2 infection. Including all assessed symptoms 
in the definition decreased the prevalence of participants 
with an increase in symptom severity only slightly 
(to 11∙5%), but resulted in a loss of sensitivity for 
symptoms that can be attributed to SARS-CoV-2 (ie, the 
ratio between patients with symptoms due to 
SARS-CoV-2 infection and those with unrelated 
symptoms was 2∙5 for the core set of symptoms vs 
1∙6 when including all symptoms).

Discussion 
This study shows post-COVID-19 condition might occur 
in about one out of eight people with COVID-19 in the 
general population. Core symptoms of post-COVID-19 
condition include chest pain, difficulties with breathing, 
lump in throat, pain when breathing, painful muscles, 
heavy arms or legs, ageusia or anosmia, feeling hot and 
cold alternately, tingling extremities, and general 
tiredness. To our knowledge, this is the first study to 
provide a reliable assessment of the prevalence of post-
COVID-19 condition, while correcting for individual 
symptoms present before SARS-CoV-2 infection and for 
the dynamics of symptoms reported by sex-matched and 
age-matched controls without infection in the same 
period during the pandemic. This corrected prevalence 
remained nearly unaltered irrespective of the use of the 
core symptoms versus a broader range of symptoms as a 
definition of post-COVID-19 condition. However, when 

including a broader range of symptoms, the ratio 
between patients with symptoms due to SARS-CoV-2 
infection and those with unrelated symptoms decreased. 
Increased knowledge on both the nature of the core 
symptoms and the prevalence of post-COVID-19 
condition in the general population represents a major 
step forward in our ability to design studies that 
ultimately inform an adequate health-care response to 
the long-term sequelae of COVID-19.

The major strengths of this study are the large sample 
size of COVID-19-positive participants identified in a 
general population cohort, as well as the multiple 
repeated measurements of symptom severity in the 
participants. This allowed for the calculation of 
pre-COVID-19 symptom severity in each participant. In 
addition, we were able to compare COVID-19-positive 
participants’ symptom severity with controls matched 
by sex and age who provided measurements at the same 
time period as the cases. Finally, the SCL-90 SOM 
subscale is a validated instrument, suitable for assessing 
symptoms in large-scale cohort studies. The addition of 
other COVID-19-related symptoms allowed for detailed 
insights into participants’ symptom dynamics.

Before interpreting the results, some limitations of this 
study should be acknowledged. First, COVID-19 cases can 
be asymptomatic and remain undetected.8 Therefore, the 
prevalence of COVID-19 in this study might have been 
underestimated. Second, the assessed symptoms were 
included in the Lifelines COVID-19 cohort study at the 

Figure 3: Other symptoms
The shaded areas represent the SE of the moving average.
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beginning of the pandemic. Although at that time these 
symptoms were considered to be related to COVID-19, 
other symptoms such as cognitive symptoms (eg, brain 
fog) and post-exertional malaise were identified later 
during the pandemic as potentially relevant for a working 
definition of post-COVID-19 condition.7 Third, as all 
participants in the Lifelines COVID-19 cohort study were 
aged 18 years or older, we could not assess paediatric post-
COVID-19 condition. Fourth, the exact date of COVID-19 
diagnosis was unknown; we therefore used the date of the 
first questionnaire in which COVID-19 positivity was 
indicated as date of diagnosis. This might have led to an 
underestimation of post-COVID-19 time. Lastly, as this 
study was conducted in the northern region of the 
Netherlands, these results might not be generalisable to 
other areas.

Multiple studies have assessed the persistence of somatic 
symptoms after COVID-19, with timeframes of follow-up 
varying from 21 days to 6 months.4,19 Some studies included 
participants from post-COVID-19 support groups or 
predominantly patients who were hospitalised, leading to 
biased results.20,21 A systematic review analysed 11 studies 
that assessed the persistence of symptoms 90–180 days 
after COVID-19 in outpatients.19 The sample sizes ranged 
from 59 to 2915 patients with COVID-19 and the number 
of assessed symptoms ranged from six to 21. The most 
prevalent symptom was fatigue (11–42% of patients), 
followed by dyspnoea (8–37%), painful muscles (7–24%), 
and ageusia or anosmia (3–24%). Thoracic pain was 
reported in 3–14% of patients at 90–180 days after 
COVID-19. Although we found similar prevalence rates for 
some of these symptoms, we also showed that these rates 
were lower when patients’ symptom severity before 
COVID-19 was taken into account. Additionally, we showed 
that the most prevalent symptoms are not the most 
distinctive symptoms for post-COVID-19 condition. 
Furthermore, many studies with clinical cohorts did not 
include a matched control group and were therefore 
unable to distinguish between effects of SARS-CoV-2 
infection and those of the pandemic on symptoms.12 
Studies that included a control group could not distinguish 
between symptoms resulting from a SARS-CoV-2 infection 
and pre-existing symptoms. A large study that included 
106 578 patients with COVID-19 and matched controls 
with influenza, which assessed the persistence of seven 
somatic symptoms at 90–180 days after diagnosis, found 
that somatic symptoms, such as headache, chest pain, and 
fatigue, were more frequently present in patients with 
COVID-19 than in the controls.22 The study found higher 
prevalence rates for most assessed somatic symptoms 
than our study—for example, breathing difficulties 
occurred in 7∙9% of patients with COVID-19 and chest 
pain occurred in 5∙7%. Painful muscles was the only 
symptom that was less frequently reported (1∙5% of 
patients). The difference in observed prevalence rates 
might be explained by the previous study only including 
patients with COVID-19 who sought help for their 

persistent symptoms from a health-care provider, and not 
adjusting for patients’ symptoms before COVID-19.

Additionally, a study in France that included 
1091 SARS-CoV-2-positive participants and 25 732 controls 
suggested that the belief of being infected with 
SARS-CoV-2 was more strongly associated with the 
severity of symptoms 8 weeks after SARS-CoV-2 infection 
than laboratory confirmed COVID-19 diagnosis.23 This 
conclusion is potentially stigmatising,24 and the study has 
some limitations. First, serological assays were used to 
detect SARS-CoV-2 infection, but patients affected by 
post-COVID-19 condition might have lower antibody 
responses.25 Second, the cross-sectional nature of the 
study with retrospective assessments is problematic, as 
persistent physical symptoms might have confounded 
recall of past illness and thus the belief in having been 
infected. Third, confounding by other viruses might have 
occurred, which might have caused both the belief of 
having been infected with SARS-CoV-2 and the persistent 

Presence of symptom of at least 
moderate severity

Substantial increase in symptom 
severity to at least moderate 
severity

Controls 
(n=4353)

COVID-19-positive 
participants (n=1942)

Controls 
(n=4130)

COVID-19-positive 
participants (n=1782)

Ageusia or anosmia 37 (0∙8%) 158 (8∙1%)* 17 (0∙4%) 135 (7∙6%)*

Difficulties with breathing 38 (0∙9%) 68 (3∙5%)* 21 (0∙5%) 43 (2∙4%)*

Chest pain 44 (1∙0%) 63 (3∙2%)* 24 (0∙6%) 43 (2∙4%)*

Pain when breathing 13 (0∙3%) 20 (1∙0%)* <10 (<0∙2%) 16 (0∙9%)*

Lump in throat 59 (1∙4%) 61 (3∙1%)* 24 (0∙6%) 42 (2∙4%)*

Heavy arms or legs 130 (3∙0%) 126 (6∙5%)* 65 (1∙6%) 75 (4∙2%)*

General tiredness 159 (3∙7%) 136 (7∙0%)* 87 (2∙1%) 88 (4∙9%)*

Painful muscles 378 (8∙7%) 262 (13∙5%)* 134 (3∙2%) 130 (7∙3%)*

Tingling extremities 145 (3∙3%) 98 (5∙0%)* 65 (1∙6%) 52 (2∙9%)*

Fever 19 (0∙4%) 16 (0∙8%) 18 (0∙4%) 12 (0∙7%)

Wet cough 83 (1∙9%) 58 (3∙0%) 40 (1∙0%) 28 (1∙6%)

Dry cough 81 (1∙9%) 50 (2∙6%) 43 (1∙0%) 28 (1∙6%)

Headache 239 (5∙5%) 166 (8∙5%)* 111 (2∙7%) 76 (4∙3%)

Itchy eyes 143 (3∙3%) 96 (4∙9%)* 78 (1∙9%) 51 (2∙9%)

Feeling hot and cold 
alternately

155 (3∙6%) 112 (5∙8%)* 70 (1∙7%) 63 (2∙5%)*

Sore throat 84 (1∙9%) 48 (2∙5%) 51 (1∙2%) 29 (1∙6%)

Runny nose 217 (5∙0%) 110 (5∙7%) 94 (2∙3%) 50 (2∙8%)

Nausea 128 (2∙9%) 72 (3∙7%) 74 (1∙8%) 37 (2∙1%)

Sneezing 210 (4∙8%) 101 (5∙2%) 74 (1∙9%)† 35 (2∙1%)‡

Back pain 413 (9∙5%) 210 (10∙8%) 182 (4∙4%) 88 (4∙9%)

Stomach pain 108 (2∙5%) 53 (2∙7%) 58 (1∙4%) 25 (1∙4%)

Dizziness 93 (2∙1%) 46 (2∙4%) 56 (1∙4%) 25 (1∙4%)

Diarrhoea 80 (1∙8%) 38 (2∙0%) 52 (1∙3%) 19 (1∙1%)

Total 1275 (29∙3%) 790 (40∙7%)* 749 (18∙1%) 526 (29∙6%)*

Data are n (%). Symptoms are ordered according to their relative increase in frequency in COVID-19-positive 
participants compared with controls. A substantial increase in severity was defined as an increase in symptom severity 
of at least 1 point on the 5-point scale. *p<0∙001. †n=3988; sneezing was assessed in 23 surveys instead of 24. 
‡n=1704; sneezing was assessed in 23 surveys instead of 24. 

Table 2: Frequencies of participants who had presence of, or a substantial increase to, symptoms of at 
least moderate severity at 90–150 days after COVID-19 diagnosis or matched timepoint
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symptoms. Our study overcame these limitations by 
performing sensitivity analyses restricted to participants 
with a COVID-19 diagnosis based on a positive 
SARS-CoV-2 test and by the study’s prospective design. 
Nevertheless, our study cannot provide definitive 
information on the underlying mechanisms driving 
post-COVID-19-related symptoms. Therefore, additional 
research assessing the causes of post-COVID-19-related 
symptoms is required.

To our knowledge, this is the first study that is able to 
identify which persistent symptoms are particularly 
related to SARS-CoV-2 infection, and we used these core 
symptoms of post-COVID-19 condition for an empirically 
based working definition of the condition. Notably, in the 
absence of adequate control data, case definitions might 
be biased towards highly prevalent symptoms. Experts in 
a WHO Delphi procedure constructed a case definition 
that identified fatigue and dyspnoea as the most 
important symptoms of post-COVID-19 condition 
(78% of the panel agreed on their importance for the case 
definition).26 Our empirical analyses showed that these 
were among the core symptoms, but the most distinctive 
symptoms also included chest pain and ageusia or 
anosmia (considered important for the case definition 
by 55% and 57% of the Delphi panel, respectively). 
Additionally, tingling extremities were considered 
important by merely 39% of the experts, while 
56% considered headache to be important for the case 
definition. Our results, however, suggest that tingling 
extremities is a core symptom whereas headache is not 
related to SARS-CoV-2 infection. These differences 
clearly show the importance of longitudinal cohort 
studies in the general population with pre-infection data 
and controls without infection to study the scale and 
scope of post-COVID-19 condition.

Furthermore, although sex differences are known to be 
present in persistent somatic symptoms of COVID-19, 
this is the first study of our knowledge to stratify symptom 
dynamics by sex both before and after COVID-19. 
Multiple somatic symptoms—for example, feeling hot 
and cold alternately, lump in throat, and general 
tiredness—were shown to be more severe after COVID-19 
in women than in men, compared with controls. Research 
has shown that women report more severe common 
somatic symptoms than men and that these symptoms 
are more frequently persistent.27–29 Multiple explanations 
have been proposed for this phenomenon. First, women 
are thought to have a heightened sensitivity to pain 
compared with men, due to biological differences rooted 
in, among others, sex hormones and genotype.30 Second, 
women might be more aware of bodily sensations than 
men, allowing for an easier and earlier perception of 
somatic symptoms in women than in men.29 However, 
the female preponderance in symptom experience is not 
only due to differences in biology (ie, sex), but also in 
societal expectations of women and men (ie, gender 
roles).27,28 Feminine gender roles, for example, are thought 

to be associated with poorer access to health care, which 
might also explain health-related gender differences.31

A list of empirically validated core symptoms of post-
COVID-19 condition, used for a working definition of 
the condition, is essential to adequately study patho-
physiological mechanisms,2 which is especially important 
given the risk of simple psychogenic explanations and the 
resulting consequences for patients.24 Our results support 
a working definition at least based on the core symptoms, 
given the improved sensitivity ratio between cases and 
controls compared with a broader definition. These core 
symptoms were increased at 3–5 months after COVID-19, 
and are likely to limit functioning, prompt help-seeking, 
and have plausible underlying patho physiological 
mechanisms. Nevertheless, research shows that COVID-19 
might also affect brain functioning and mental health.32,33 
Therefore, future research should not overlook mental 
health symptoms (eg, depression and anxiety symptoms), 
nor additional post-infectious symptoms that were not 
assessed in this study (eg, brain fog, insomnia, and post-
exertional malaise). Additionally, future intersectional 
research should assess how ethnicity, gender, age, 
socioeconomic status, other social identities, and the 
presence of underlying chronic diseases are associated 
with symptom dynamics surrounding COVID-19 and risk 
of post-COVID-19 condition. Further research will focus 
on the clustering of COVID-19 symptoms in participants, 
and whether symptom clusters are associated with 
subtypes and distinct pathophysiological mechanisms 
underlying post-COVID-19 condition. We will also study 
genetic and environmental risk factors, and how post-
COVID-19 condition affects (work) functioning and 
wellbeing. Additionally, as research suggests that vacci-
nation before SARS-CoV-2 infection only partly mitigates 
the risk of long-term symptom sequelae 6 months after 
COVID-19,34 further studies should assess the effect of 
SARS-CoV-2 vaccination and the timing thereof, and the 
effect of SARS-CoV-2 variants, on symptom dynamics in 
both adults and children.

In conclusion, we present a starting point for core 
symptoms that could define post-COVID-19 condition, 
offer an improved working definition of post-COVID-19 
condition, and provide a reliable prevalence estimate in 
the general population of the northern region of the 
Netherlands corrected for pre-existing symptoms and 
symptoms in participants without infection. Taking into 
account those symptoms that increased in severity and 
could be attributed to COVID-19, while correcting for 
seasonal fluctuations and non-infectious health aspects 
of the pandemic on symptom dynamics,2,5,12 we found 
that about one in every eight patients are affected by 
persistent symptoms after COVID-19. This finding 
shows that post-COVID-19 condition is an urgent 
problem with a mounting human toll.
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