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Summary
Background The World Health Organisation (WHO) has identified a range of symptomatic manifestations to aid in
the clinical diagnosis of post-COVID conditions, herein referred to as post-acute COVID-19 symptoms. We
conducted an international network cohort study to estimate the burden of these symptoms in North American,
European, and Asian populations.

Methods A federated analysis was conducted including 10 databases from the United Kingdom, Netherlands,
Norway, Estonia, Spain, France, South Korea, and the United States, between September 1st 2020 and latest data
availability (which varied from December 31st 2021 to February 28th 2023), covering primary and secondary
care, nationwide registries, and claims data, all mapped to the Observational Medical Outcomes Partnership
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Common Data Model (OMOP CDM). We defined two cohorts for the main analyses: a SARS-CoV-2 infection
cohort [positive polymerase chain reaction (PCR) or rapid lateral flow test (LFT) result or clinical COVID-19
diagnosis] and a general population cohort. Individuals with less than 365 days of prior history or 120 days of
follow-up were excluded. We estimated incidence rates (IRs) of the 25 WHO-proposed post-acute COVID-19
symptoms, considering symptoms that occurred ≥90 and ≤365 days after index date, excluding
individuals with the respective symptoms 180 days prior to the index event. Stratified analyses were
conducted by age and sex. Incidence rate ratios (IRRs) were calculated comparing rates in the infected cohort
versus the general population. Results from the different databases were combined using random-effects
meta-analyses.

Findings 3,019,408 individuals were included in the infection cohort. 1,585,160 of them were female and
1,434,248 of them male. 929,351,505 individuals were included in the general population group. 461,195,036 of
them were female and 466,022,004 of them male. The 1-year IR of any post-acute COVID-19 symptom in the
COVID-19 infection cohort varied significantly across databases, from 4.4 (95% CI 3.8–5.1) per 100 person-
years to 103.9 (95% CI 103.2–104.7). The five most common symptoms were joint pain (from 1.6 (95% CI
1.3–1.9) to 14.3 (95% CI 14.1–14.6)), abdominal pain (from 0.3 (95% CI 0.1–0.5) to 9.9 (95% CI 9.7–10.1)),
gastrointestinal issues (from 0.6 (95% CI 0.4–0.9) to 13.3 (95% CI 13.1–13.6)), cough (from 0.3 (95% CI
0.2–0.5) to 9.1 (95% CI 8.9–9.3)), and anxiety (from 0.8 (95% CI 0.6–1.2) to 11.4 (95% CI 11.2–11.6));
whereas muscle spasms (from 0.01 (95% CI 0.008–0.2) to 1.7 (95% CI 1.6–1.8)), pins and needles (from 0.05
(95% CI 0.03–0.0.9) to 1.5 (95% CI 1.4–1.6)), memory issues (from 0.03 (95% CI 0.02–0.06) to 0.8 (95% CI
0.7–0.8)), cognitive dysfunction (from 0.007 (95% CI 0.004–0.01) to 0.6 (95% CI 0.4–0.8)), and altered smell
and/or taste (from 0.04 (95% CI 0.03–0.04) to 0.7 (95% CI 0.6–0.8)) were least common. Incidence rates of
any post-acute COVID-19 symptoms generally increased with age, with certain symptoms peaking in middle-
aged adults (anxiety, depressive disorders, headache, altered smell and taste) and others in pre-school
children (gastrointestinal issues and cough). Females had higher incidence rates for most symptoms. Based
on the random-effects model, the infected cohort had a higher incidence of any post-acute COVID-19
symptom than the general population, with a meta-analytic incidence rate ratio (meta-IRR) of 1.4 (1–2). A
similar pattern was seen for all individual symptoms. The highest meta-IRRs were depressive disorder, 2.6
(1.7–3.9); anxiety, 2.3 (1.4–3.8); allergy, 2.1 (1.7–2.8) and sleep disorders, 2.1 (1.5–2.6). The meta-IRR for
altered smell and/or taste was 1.9 (1.3–2.8).

Interpretation Post-acute COVID-19 symptoms, as listed by the WHO, were commonly observed following COVID-19
infection. However, even after standardising research methods, there was significant heterogeneity in the incidence
rates from different healthcare settings and geographical locations. This is the first international study of the
epidemiology of post-acute COVID-19 symptoms using the WHO-listed symptoms. Its findings contibute to
understand the epidemiology of this condition from a multinational approach. Limitations of this study include
the lack of consensus of the post-acute COVID-19 definition, as well as the difficulty to capture the impact on
daily life of the post-acute COVID-19 symptoms in the available datasets.

Funding This work has been funded by the European Health Data Evidence Network (EHDEN) through an Evidence
Generation Fund Grant and by the National Institute for Health and Care Research (NIHR) Oxford Biomedical
Research Centre (BRC).

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Keywords: Post-acute COVID-19 condition; Real world data; Incidence of post-acute COVID-19 symptoms;
Epidemiology; International cohort study
Introduction
The COVID-19 pandemic, caused by the SARS-CoV-2
coronavirus, has significantly impacted public health
worldwide.1 A major ongoing challenge is the post-
COVID condition (PCC), also known as Long COVID.2

This condition is different from the acute phase of the
illness. It involves a variety of symptoms that can last for
months after the initial infection has cleared. Some of
these symptoms might be completely new after recovery,
while others could continue from the infection phase,
often changing in intensity or reappearing over time.3

Currently, PCC remains diagnosed with patient’s
subjective experiences or clinician observations, as there
are no objective diagnostic markers or tests available.
www.thelancet.com Vol 77 November, 2024
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Research in context

Evidence before this study
We conducted a systematic literature review to characterise
post-acute COVID-19 symptoms as recorded in real world
data including studies up until 22 October 2021 in NIH
LitCOVID, Ovid Embase, Ovid MEDLINE, Ovid Global Health,
EBSCOhost CINAHL, medRxiv and WHO COVID database.
Studies were reviewed if they reported persistent or new
symptoms assessed at 28 days or more after onset of
confirmed or clinically suspected COVID-19 disease. The 14
final studies meeting inclusion criteria showed notable
heterogeneity of persistent symptoms. Likewise, previous
systematic reviews, including Nalbandian et al., Lopez-Leon
et al., Michelen et al., and the ECDC supported the variety of
unspecific symptoms reported following recovery from acute
COVID-19, highlighting the heterogenous presentation of
post- COVID condition. Its reported prevalence ranged from
5% to 60% across individual studies.
At the same time, in October 2021, the World Health
Organisation (WHO) published their clinical case definition of
post-acute COVID-19, which included 25 different symptoms
commonly reported after a SARS-CoV-2 infection that were
selected through a Delphi expert consensus. Due to the high
variability of the symptoms reported in the reviewed

literature, we decided to use the WHO definition for our
analyses.

Added value of this study
Using data from ten real-world databases, this is the first
international study of the epidemiology of post-acute COVID-
19 symptoms as defined based on the WHO criteria. Applying
standardised definitions and study methodologies allowed us
to compare incidence rates for post-acute COVID-19
symptoms from different healthcare settings and
geographical locations and unravel the heterogeneity of post-
acute COVID-19 symptoms beyond differences in their
definitions.

Implications of all the available evidence
This study corroborates previous research of the high
prevalence and heterogeneity of post-acute COVID-19
symptoms, across different geographies and healthcare
settings. The differences observed between different
databases reveal the complex nature of this condition and call
for a multidimensional approach in understanding and
managing it.

Articles
The National Institute for Health and Care Excellence
(NICE) in its ongoing review published in December
2020 outlines a timeline-based categorisation of COVID-
19 symptoms, classifying those up to four weeks as acute
and from four to twelve weeks as ongoing.4 Symptoms
persisting beyond twelve weeks, in the absence of an
alternate diagnosis, are considered indicative of PCC.
Later, in December 2022, the World Health Organisation
(WHO) adopted similar diagnostic principles and pub-
lished a list of post-acute COVID-19 symptoms for the
identification of patients, based on a Delphi expert
consensus.5,6

Understanding the population burden of patients
experiencing post-acute COVID-19 symptoms is crucial,
and has profound implications for treatment strategies,
healthcare planning, and post-pandemic management.7

However, estimating the epidemiology is challenging,
with earlier studies reporting prevalence rates ranging
from 5% to 60%.8 This wide variation is attributed not
only to the complex and dynamic nature of post-acute
COVID-19 symptoms but also to differing methodolo-
gies in research and outcome definitions. Some studies
rely on routinely collected health data from electronic
medical records and health claims,9,10 while others are
based on patient self-reports.11,12 The temporal criterion
for post-acute COVID-19 symptoms diagnosis also var-
ies widely, with some studies considering periods as
short as one-month post-infection, and others extending
beyond a year.13 Furthermore, there is substantial
www.thelancet.com Vol 77 November, 2024
inconsistency in the range of symptoms utilised,
ranging from a focus on respiratory symptoms to
encompassing multi-organ system involvement.9

In such circumstances, standardisation of study
methodologies for the use of observational data is
imperative to accurately characterise the epidemiology
of post-acute COVID-19 symptoms. Therefore, we con-
ducted a network study using large healthcare data from
numerous regions and healthcare settings, all previously
mapped to a common data model (CDM): the Obser-
vational Medical Outcomes Partnership (OMOP) CDM.
We used a uniform protocol and analytical script to: (1)
estimate the incidence of 25 WHO-defined post-acute
COVID-19 symptoms following COVID-19, (2) assess
the demographic patterns of these symptoms, and (3)
compare their incidence among the infected, test-
negative, and general population.
Methods
This study is reported following the STROBE guidelines
for cohort studies.14

Data sources
We used routinely collected, de-identified healthcare
datasets from different countries and healthcare
settings.

We retrieved primary care electronic health records
of people registered with their general practitioners
3
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from the Clinical Practice Research Datalink (CPRD
GOLD and Aurum, UK),15,16 the Integrated Primary Care
Information database (IPCI, The Netherlands)17 and the
Information System for the Development of Research in
Primary Care (SIDIAP, Spain).18

We used hospital electronic health records from the
Parc de Salur Mar Barcelona Information System
(IMASIS, Spain),19 the Centre Hospitalier Universitaire
de Montpellier (eDOL, France)20 and the Ajou University
School of Medicine (AUSOM, South Korea).

We also retrieved adjudicated medical and phar-
macy claims from the US (PharMetrics Plus for Aca-
demics (PharMetrics, US),21 national health insurance
claims from Estonia (CORIVA, Estonia),22 as well as
linked nationwide healthcare data covering both pri-
mary and secondary care from Norway (NLHR@UiO
Norway).23

All databases contained information on people’s de-
mographics and clinical information in the form of
coded diagnoses, symptoms and prescriptions collected
from GP practices, hospitals or health claims.

All databases were previously mapped to the Obser-
vational Medical Outcomes Partnership (OMOP) Com-
mon Data Model.24 This allowed us to perform the
federated network study without sharing patient-level
data.

Data statements
Use of Clinical Practice Research Datalink (CPRD) data
for this study was approved via the Research Data
Governance (RDG) Process of the UK Medicines and
Healthcare Products Regulatory Agency (protocol
23_002603).

Ethical approval for NHR@UiO in this study was
obtained from The Regional Committee for Research
Ethics (approval number 155294) and the Data Protec-
tion Officer at the University of Oslo (approval number
523275).

Ethical approval for CORIVA data was obtained from
the Research Ethics Committee of the University of
Tartu (No. 351/M-8). Ethical approval for IMASIS was
obtained by the Parc de Salut Mar Research Ethics
Committee CEIm-Parc de Salut Mar (number 2021/
9975).

Ethical approval for IPCI was obtained by the Inte-
grated Primary Care Information review board (regis-
tration number 9/2023).

For eDOL, no ethical approval was required accord-
ing to French law for this study. All patients admitted to
the hospital are provided with general information about
the collection and secondary use of their data, and an
opt-out option is offered.

PharMetrics® Plus for Academics needed no
approval for use of pseudoanonymised secondary data.

This study was approved by the institutional review
board of Ajou University Medical Center (AJOUIRB-
MDB-2021-694).
For SIDIAP, ethical approval was obtained by the
IDIAP Jordi Gol Research Ethics Committee CEIm
(number 22/177-PCV).

Study cohorts
We included all individuals registered in the partici-
pating databases and with a recorded COVID-19 diag-
nosis (confirmed or suspected) or positive SARS-CoV-2
test (polymerase chain reaction (PCR) or rapid lateral
flow test (LFT)) after 01/09/2020. We excluded people
with COVID-19 recorded before study start and with
influenza in the 90 days before the SARS-CoV-2 infec-
tion. People with less than 365 days of prior history and
follow-up of less than 120 days were also excluded. In-
dividuals’ follow-up was censored at 365 days, on the
end of their observation, death or end of COVID-19
testing in their country if applicable.

We curated a general population cohort by including
all participants registered in the database at 01/09/2020,
with the same eligibility criteria applied as the infection
cohort. We also created a test-negative cohort by using
the same criteria as above but substituting the SARS-
Cov-2 positive test or COVID-19 diagnosis by a SARS-
Cov-2 negative test.

All the data used for this study were secondary health
data recorded during routine healthcare encounters and
pseudonymised for research.

Outcomes
For the post-acute COVID-19 symptoms, we used the
list of 25 symptoms published in the WHO clinical case
definition for “post COVID-19” condition, including
abdominal pain, allergy, altered smell and/or taste,
anxiety, blurred vision, chest pain, cognitive dysfunc-
tion, cough, depression, dizziness, dyspnoea, fatigue or
malaise, gastrointestinal issues (acid reflux, con-
stipation, or diarrhoea), headache, intermittent fever,
joint pain, memory issues, menstrual problems, mus-
cles spasms or pain, neuralgia, pins and needles
sensation, sleep disorder, tachycardia, post-exertional
fatigue and tinnitus and hearing problems.6 Code lists
were developed separately for each symptom and
reviewed independently by 3 clinicians. We also studied
the additional outcome of having any of the symptoms.

Statistical analyses
We calculated the incidence rates of the post-acute
COVID-19 symptoms on the infection cohort and the
general population for the main analysis.

For the general population, an individual started
contributing time to the denominator if they had at
least 365 days of previous history in the dataset. The
incidence of all the post-acute COVID-19 symptoms
was calculated for that population in the different
time intervals of interest (yearly and monthly from the
study start date to the latest data availability for each
dataset).
www.thelancet.com Vol 77 November, 2024
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For the infected population, individuals started
contributing to the denominator when they had a record
or diagnosis of a COVID-19 infection. The incidence of
all the post-acute COVID-19 symptoms was calculated,
provided that the symptom happened in the window of
90–365 days after index event (the positive COVID-19
test or diagnosis). This way we neglected the acute
phase from 1 to 90 days after index event for the cal-
culations. Moreover, we demanded no record of the
symptom in the 180 previous days before index event to
minimise misclassification of pre-existing, chronic
symptoms, such as anxiety or depression.

For the two denominators (general population and
infected cohort), we did not allow repeated events. This
means that once an individual, according to our defi-
nition, had a positive record of a post-acute COVID-19
symptom, they stopped contributing to the denominator
of eligible population. Furthermore, we stratified all
analyses by age groups in years (0,6), (7,11), (12,18),
(19,40), (41,64), (65+) and by sex (male and female).

Records of demographic covariates used for age and
sex stratification were available for all individuals, with
no missingness. The absence of a record of a symptom
was considered the absence of that symptom.

Crude incidence rate ratios and 95% confidence in-
tervals were calculated by comparing the incidence rates
of any and each of the 25 symptoms in the infection
cohort with that in the comparator cohort (general
population) without adjustment of any potential con-
founders. The ratios across databases were finally
pooled using the random-effects model. The meta-
analysis was performed using the package meta in R,
with the inverse variance method.25
Database name Acronym Country

Clinical Practice Research Datalink GOLD CPRD GOLD United
Kingdom

Clinical Practice Research Datalink Aurum CPRD Aurum United
Kingdom

The Information System for Research in
Primary Care

SIDIAP Spain

The Integrated Primary Care Information IPCI The
Netherlands

Norwegian linked health registry data NLHR@UiO Norway

Hospital records from Parc Salut
Mar Barcelona

IMASIS Spain

The Centre Hospitalier Universitaire de
Montpellier

eDOL France

Hospital records from Ajou University
Medical Centre

AUSOM South Korea

Healthcare claims from Estonia CORIVA Estonia

PharMetrics® Plus for Academics PharMetrics
Plus

US

Table 1: Overview of participating databases.

www.thelancet.com Vol 77 November, 2024
We mainly used the package IncidencePrevalence for
the incidence calculations.26 All the analytical code can
be found in a GitHub repository for transparency:
https://github.com/oxford-pharmacoepi/LongCovid
Studyathon_W1/tree/main.

Details on the methods used for the sensitivity ana-
lyses using the test-negative cohort can be found in the
Supplementary Materials.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the manuscript. Information on data access for all
databases can be found in the Contributors section at
the end of the manuscript. JX, DPA and AMJ were
responsible for the decision to submit for publication.

Results
Characteristics of study databases
Table 1 depicts the key characteristics of all participating
databases. There were two individual databases from the
UK and Spain, with the remaining six from six different
countries. They covered healthcare settings of primary
care, secondary care, nationwide registry, and claims.
The largest source populations were from the Phar-
Metrics® Plus for Academics database (107 million
historical and active people), followed by CPRD Aurum
(40 million historical and active people), CPRD GOLD
(21 million historical and active people), and SIDIAP
(6 million historical and active people).

There were no records of “post-extersional fatigue” in
any of the databases, so we have removed this symptom
from the plots.
Healthcare
setting

Number of
people

Study
end

Infection
cohort

Test
negative
cohort

Primary care 21 million 06/2022 Available Available

Primary care 40 million 03/2021 Available Available

Primary care 6 million 06/2022 Available NA

Primary care 3 million 12/2022 Available Available

Nationwide
registry

5.4 million 12/2021 Available NA

Secondary care 2 million 20/2022 Available Available

Secondary care 2 million 12/2022 Available Available

Secondary care 2.7 million 02/2023 Available Available

Claims 300K 02/2022 Available Available

Claims 107 million 06/2022 Available NA
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Incidence of post-acute COVID-19 symptoms across
the databases
The 1-year incidence rates (IR) of any post-acute
COVID-19 symptoms were high and varied across da-
tabases. In primary care databases, IRs ranged from
22.5 (95% CI 22.2–22.7) per 100 person-years in CPRD
GOLD (UK) to 41.3 (95% CI 41.0–41.5) in SIDIAP
(Spain) (Fig. 1). Secondary care databases reported IRs
from 4.4 (95% CI 3.8–5.1) in eDOL (France) to 36.3
(95% CI 29.7–44.0) in AUSOM (South Korea). Notably,
registry and claims databases recorded higher in-
cidences, with the NLHR@UiO (Norway) registry
reporting 41.3 (95% CI 40.5–42.2) and claims databases
showing IRs from 42.8 (95% CI 42.6–43.0) in CORIVA
Fig. 1: Incidence rate of post-acute COVID-19 symptoms in the infec
incidences can be visualised.
(Estonia) to 103.9 (95% CI 103.2–104.7) in PharMetrics
Plus (US).

Among individual symptoms, the five most common
were joint pain (IR range: 1.6 [95% CI 1.3–1.9] to 14.3
[95% CI 14.1–14.6]), abdominal pain (0.3 [95% CI
0.1–0.5] to 9.9 [95% CI 9.7–10.1]), gastrointestinal issues
(0.6 [95% CI 0.4–0.9] to 13.3 [95% CI 13.1–13.6]), cough
(0.3 [95% CI 0.2–0.5] to 9.1 [95% CI 8.9–9.3]), and
anxiety (0.8 [95% CI 0.6–1.2] to 11.4 [95% CI 11.2–11.6]).
In contrast, muscle spasms and pain, pins and needles,
memory issues, cognitive dysfunction, and altered smell
and/or taste were among the least frequently recorded
symptoms, with IRs below 1 per 100 person-years in
most databases.
ted cohort. Note: Plots have been scaled independently so that all

www.thelancet.com Vol 77 November, 2024
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Patients treated in secondary care for their initial
COVID-19 generally reported higher incidences of a few
specific symptoms, including gastrointestinal issues,
allergies, sleep disorders, tachycardia, and cognitive
dysfunction compared to primary care data. Nationwide
registry data closely aligned with primary care databases
for most individual symptoms. Importantly, Phar-
Metrics Plus claims data consistently showed the high-
est incidence rates for all symptoms across all databases.

The 1-year incidence rate (IR) of all post-acute
COVID-19 symptoms for the general population and
the test negative cohorts can be found in the
Supplementary Materials (Figures S1 and S2).
Fig. 2: Distribution of incidence rate of post-acute COVID-19 symptom
median of the incidences.

www.thelancet.com Vol 77 November, 2024
Rates of post-acute COVID-19 symptoms stratified
by age and sex
Figs. 2 and 3 show the pooled values of the incidence rates
on the infected cohort across databases for the different
post-acute COVID-19 symptoms, age and sex groups. The
incidence of any post-acute COVID-19 symptoms gener-
ally increased with age (Fig. 2). The lowest median rate
across all databases was observed in school-aged children
(7–11 years), with an IR of 23.0 per 100 person-years,
while the highest rate was in older adults (≥65 years) at
49.7. Preschool children (0–6 years) and young adults
(19–40 years) had similar post-acute COVID-19 symptoms
rates, with median IRs of 33.7 and 35.8 respectively.
s by age in the infected cohort. Note: The red line represents the

7
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Fig. 3: Distribution of incidence rate of post-acute COVID-19 symptoms by sex in the infected cohort. Note: There were very few
menstrual disorder events in Male recorded in the PharMetrics Plus and SIDIAP databases. The red line represents the median of the incidences.
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The trend in the incidence of most individual
symptoms followed that of post-acute COVID-19
symptoms overall, albeit with notable exceptions. Spe-
cifically, anxiety, headache, depressive disorders, men-
strual disorders, and altered smell and/or taste displayed
a reverse U-shaped pattern, peaking in middle-aged in-
dividuals. Symptoms such as gastrointestinal issues and
cough showed a U-shaped distribution, with both chil-
dren and older adults experiencing the highest rates.

Women experienced a higher median incidence of
post-acute COVID-19 symptoms compared to men
(Fig. 3). This pattern was also seen for most individual
symptoms: joint pain, abdominal pain, gastrointestinal is-
sues, cough, anxiety, allergy, fatigue, headache, depressive
disorders, dizziness, menstrual disorders, memory issues,
and cognitive dysfunction. Other symptoms had similar
rates across sexes, with no symptom consistently more
common in men.

Figures S3 and S4 in the Supplementary Materials
show the pooled values of the incidence rates on the
test negative cohort and general population of the post-
acute COVID-19 symptoms across databases stratified
by sex and age. Figures S5 and S6 show the pooled
values for the infected cohort stratified by healthcare
setting of the database.

Crude rate ratio of the post-acute COVID-19
symptoms
Based on the random-effects model, the infected cohort
had a higher incidence of any post-acute COVID-19
www.thelancet.com Vol 77 November, 2024
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symptom than the general population, with a meta-
analytic incidence rate ratio (meta-IRR) of 1.4 (1–2)
(Fig. 4). A similar pattern was seen for all individual
symptoms. The highest meta-IRRs were depressive
disorder, 2.6 (1.7–3.9); anxiety, 2.3 (1.4–3.8); allergy, 2.1
(1.7–2.8) and sleep disorders, 2.1 (1.5–2.6). The meta-
IRR for altered smell and/or taste was 1.9 (1.3–2.8).

Conversely, the meta-IRR between the infection and
test-negative cohort was 0.9 (95% CI 0.6–1.2) for any
post-acute COVID-19 symptom. Similarly, the meta-IRR
was less than 1 for most individual symptoms, indi-
cating a lower incidence in the infected than the
test-negative cohort. A few exceptions were seen for
symptoms similarly common in both cohorts, including
fatigue, intermittent fever and menstrual disorders.
Finally, altered smell and taste was the only symptom
consistently more common in the infected cohort, with
meta-IRR 2.2 (1.1–4.5). These results are presented in
Figure S11.

Stratified analyses by healthcare setting yielded
similar results and are available in the Supplementary
Materials, in Figures S7–S10.
Discussion
This is the first international and transcontinental study
of the epidemiology of post-acute COVID-19 symptoms
as defined based on the WHO criteria via leveraging a
Fig. 4: Crude incidence rate ratio of post-acute COVID-19 symptoms

www.thelancet.com Vol 77 November, 2024
network cohort analysis of ten real-world databases and
has provided critical benchmarking data on the
descriptive epidemiology of post-acute COVID-19
symptoms following post-acute SARS-CoV-2 infection.
We observed a notably high one-year post-infection rate
of any post-acute COVID-19 symptoms, which varied
significantly across geographies and healthcare settings.
In primary care databases, the most common post-acute
COVID-19 symptoms included abdominal pain, cough,
anxiety, joint pain, and fatigue. Neurological and ENT-
related symptoms such as pins and needles sensa-
tions, neuralgia, and cognitive dysfunction were less
frequent. Together, our results show substantial het-
erogeneity in the manifestation of symptoms post-acute
COVID-19 infection.

Our data also showed consistently higher rates of
post-acute COVID-19 symptoms (overall as well as in-
dividual symptoms) in females across all databases.
Furthermore, school-aged children (7–11 years) and
older adults (≥65 years) generally presented higher IRs
than other age groups, albeit with variations in specific
symptoms. This suggests a broader impact of post-acute
COVID-19 symptoms across subpopulations, with
notable vulnerabilities in females and both the very
young and the elderly.

Compared to the test-negative cohort, the infected
cohort had a crude lower incidence of most symptoms,
but higher than in the general population. However, the
between the infected cohort and general population.

9
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incidence of altered smell and taste was notably higher
in the infected cohort compared to the two controls.

Our findings corroborate previous research on the
high prevalence of post-acute COVID-19 symptoms in
COVID-19 survivors. A recent meta-analysis including
194 studies and 735,006 participants indicated that
approximately 45% of COVID-19 survivors experienced
unresolved symptoms at around four months post-
infection.27 Our study generally aligns with this finding,
showing a one-year incidence rate of any post-acute
COVID-19 symptom ranging from 20 to 30 per 100
person-years in primary and secondary care databases,
respectively. Notably, our estimates of incidence were
substantially higher in claims and nationwide registries.
This suggests that such databases may capture a higher
proportion of individuals with persistent COVID-19
symptoms, possibly because transient or mild symp-
toms may be unrecorded in primary and secondary care
settings, especially if they are not the primary reason for
healthcare visits. For example, a federated analysis of 58
million patient records in England concluded that the
recording of long COVID in primary care is very low
and call for increased awareness of diagnostic codes.28

Despite this, our results collectively demonstrated the
widespread occurrence of post-acute COVID-19 symp-
toms, whether as new or continued symptoms, across
healthcare practices.

For the individual symptoms, general pains, metal
health disorders and fatigue emerged to be most highly
incident symptoms post-COVID-19, in line with prior
epidemiologic data on this topic.8,27 Intriguingly, we
observed a lower incidence of these symptoms in sec-
ondary care compared to primary care patients. This
difference may be attributed to several factors related to
the nature of healthcare settings and symptom report-
ing. Primary care often serves as the initial contact point
for patients with general symptoms.29 Research in-
dicates that fatigue accounts for 10–20% of primary care
consultations. In contrast, fatigue in secondary care
settings, particularly in acute care and ambulatory set-
tings, may go unrecognised and untreated, often over-
shadowed by more acute or severe conditions.30

Our study also highlights clear sex differences in the
post-acute phase of COVID-19. While it has been widely
reported that men were more likely to be hospitalised or
progressing during the acute illness, women, instead,
were more likely to experience persistent symptoms
post-COVID. This aligns with previous survey
studies31,32 and emphasises the need for sex-specific
preventive and therapeutic strategies. Additionally, our
findings confirm the correlation of age with post-acute
COVID-19 symptoms, showing higher incidence rates
in older adults. However, this phenomenon was not
uniform across all symptoms. Furthermore, consistent
with previous research focusing on primary care data-
bases in the UK and Spain, ‘altered smell and/or taste’
was significantly more frequent among COVID-19
patients compared to test-negative controls.33 This rela-
tionship was further validated in secondary care and
claims-based databases in the current study. Moreover,
our study also showed that the incidence of most
symptoms was notably higher in the cohort of infected
people compared to the general population. This sup-
ports the significant additional health burden associated
with COVID-19. Similar results were also reported in a
prior study34 and reflect the complexity of impacts of the
pandemic at large on population health. It also high-
lights the crucial need for careful selection of control
groups in future epidemiological research. The higher
incidence of symptoms in the test-negative cohort may
result from differences in healthcare seeking behaviour
or other viral infections mimicking COVID-19 symp-
toms, or clinically more vulnerable groups. It however
also shows that not all symptoms included in the WHO
definition are differential for PCC. All these multifac-
eted nature of health outcomes during the pandemic
should be considered in using real-world data.

A key strength of our study is the use of data har-
monisation, crucial for improving the clinical utility and
comparability of research on post-acute COVID-19. By
using a common data model and shared conventions,
our study ensures consistent and most granular repre-
sentation of clinical information across diverse health-
care systems, making it the largest of its kind to date.
Also, our approach utilised a federated analysis network
for evidence synthesis. This ensured uniformity in
critical study elements like inclusion and exclusion
criteria, washout periods, and follow-up windows
across all contributing databases and is unlike previous
meta-analyses reliant on summarised statistics with
considerable heterogeneity. Aligning with WHO rec-
ommendations, we predefined a specific list of symp-
toms rather than the broad range reported in the
literature, improving the specificity in identifying post-
acute COVID-19 with symptomatic data. However, our
symptoms-based estimates should be interpreted
cautiously as the incidence of post-acute COVID-19
condition, given that many of the studied post-acute
COVID-19 symptoms are also common in the general
population as shown in our study.

There are however several limitations. First, our
study adopts the 90-day post-infection onset as the
threshold. Although in line with common practices in
literature, this definition still lacks a consensus, partic-
ularly regarding the time component of continuing
symptoms. Different thresholds might produce signifi-
cantly varied incidence rates or ratios. Moreover, the
WHO’s clinical case definition states that post-acute
COVID-19 symptoms typically impact people’s
everyday functioning. While the impact on daily life
cannot be reliably assessed based on electronic health
records, people’s symptoms recorded in our data were
however severe enough for them to seek medical
attention e.g. attended their GP. Second, the study relies
www.thelancet.com Vol 77 November, 2024
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on secondary use of passively collected data. Since most
symptoms are subjective experiences, the symptoms
recorded in the different healthcare settings are ex-
pected to vary, and under-reporting of e.g. less severe
symptoms in secondary care settings is expected. Third,
we did not investigate the dynamics and trajectory of
symptoms post-COVID-19. Using a single symptom
over a time frame may oversimplify the condition due to
the potential fluctuating course. Lastly, although we
included test-negative and general database population
groups as controls, distinguishing the most specific
post-acute symptoms following COVID-19 remains
challenging. This is due to the study’s design not ac-
counting for other influential factors, such as patient
comorbidities and vaccination status, and not con-
ducting any analytic matching for the cohorts, all of
which could affect the results.

In conclusion, this study provides important epide-
miological data into the diverse symptomatology of post-
acute COVID-19. The observed differences in symptom
incidence across geographies, healthcare settings, and
socio-demographics highlight the intricate nature of
post-acute COVID-19 research and call for a multidi-
mensional approach in understanding and managing
this condition.
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