nature communications

Article

https://doi.org/10.1038/s41467-025-59012-w

The risk of Long Covid symptoms: a
systematic review and meta-analysis of
controlled studies

Received: 29 May 2024

Accepted: 7 April 2025

Published online: 07 May 2025

M Check for updates

Lauren L. O'Mahoney ®"2°, Ash Routen ®2°, Clare Gillies"?, Sian A. Jenkins®,
Abdullah Almaghawi®*, Daniel Ayoubkhani®2®, Amitava Banerjee ® %7,

Chris Brightling®, Melanie Calvert® °'°", Shabana Cassambai®",

Winifred Ekezie'?, Mark P. Funnell ®', Anneka Welford', Arron Peace’,

Rachael A. Evans ® 33, Shavez Jeffers®’, Andrew P. Kingsnorth™,

Manish Pareek®'®, Samuel Seidu', Thomas J. Wilkinson', Andrew Willis'®,

Roz Shafran®", Terence Stephenson ®", Jonathan Sterne ® '3, Helen Ward ®°,
Tom Ward ® 8 & Kamlesh Khunti®'

The global evidence on the risk of symptoms of Long Covid in general popu-
lations infected with SARS-CoV-2 compared to uninfected comparator/control
populations remains unknown. We conducted a systematic literature search
using multiple electronic databases from January 1, 2022, to August 1, 2024.
Included studies had =100 people with confirmed or self-reported COVID-19 at
>28 days following infection onset, and an uninfected comparator/control
group. Results were summarised descriptively and meta-analyses were con-
ducted to derive pooled risk ratio estimates. 50 studies totaling 14,661,595
people were included. In all populations combined, there was an increased risk
of a wide range of 39 out of 40 symptoms in those infected with SARS-CoV-2
compared to uninfected controls. The symptoms with the highest pooled
relative risks were loss of smell (RR 4.31; 95% CI 2.66, 6.99), loss of taste (RR
3.71; 95% Cl 2.22, 7.26), poor concentration (RR 2.68; 95% CI 1.66, 4.33),
impaired memory (RR 2.53; 95% CI1.82, 3.52), and hair loss/alopecia (RR 2.38;
95% CI 1.69, 3.33). This evidence synthesis, of 50 controlled studies with a
cumulative participant count exceeding 14 million people, highlights a sig-
nificant risk of diverse long-term symptoms in individuals infected with SARS-
CoV-2, especially among those who were hospitalised.

It is now well-established that a significant proportion of people who
become infected with SARS-CoV-2 go on to experience prolonged and,
in some cases, debilitating symptoms for many months following
recovery from the initial acute infection, which is commonly referred
to as Long Covid or Post-acute COVID-19 syndrome. A 2022 pooled
observational analysis of 54 global studies (1.2 million individuals from
22 countries) found 3 months after infection, 6.2% reported 1 of 3 Long

Covid symptom clusters, including ongoing respiratory problems
(3.7%), persistent fatigue with bodily pain or mood swings (3.2%), and
cognitive issues (2.2%), adjusted for pre-existing health’. A large sys-
tematic review of 194 global studies published in early 2023 reported
that, at an average follow-up time of 4 months, 45% of COVID-19 sur-
vivors, regardless of hospitalisation status, experienced at least one
unresolved symptom’. In addition, fatigue, disturbed sleep, and
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breathlessness were highly prevalent symptoms reported across hos-
pitalised, non-hospitalised, and mixed cohorts’. Over twenty sys-
tematic reviews on the prevalence, incidence and long-term health
effects of Long Covid have been conducted” . A major limitation of
these reviews is that they have largely synthesised observational stu-
dies that have not utilised a comparator or control population. This is
especially important when evaluating symptoms prevalent in the
general population (e.g., headache, fatigue, sleep problems), or those
possibly worsened by the COVID-19 pandemic. The only systematic
review in adults that examined prevalence in studies including unin-
fected controls reported that infection with SARS-CoV-2 carried sig-
nificantly higher risk of fatigue (risk ratio, RR 1.72, 95% CI: 1.41, 2.10),
shortness of breath (RR 2.60, 95% CI: 1.96, 3.44), memory difficulties
(RR 2.53, 95% ClI: 1.30, 4.93), and concentration difficulties (RR 2.14,
95% ClI: 1.25, 3.67) at >4 weeks following infection”. This review of
33 studies however only considered fatigue, shortness of breath,
cognitive dysfunction, and quality of life outcomes, and it included
studies of healthcare workers, so cannot be considered a review of
general populations.

Long Covid has negatively impacted the lives of millions of people
globally, and continues to increase the burden on health and social care
systems. As a result, it is important to continually evaluate the existing
literature on the long-term health effects of Long Covid in the general
population to inform health and social care planning, as well as future
interventions and therapeutics. The primary objective of this study was
to conduct a systematic review and meta-analysis of the risk of all
reported symptoms of Long Covid in general populations infected with
SARS-CoV-2 compared to uninfected comparator/control populations.

Results

A total of 48,104 records were screened, with 2495 retrieved for full-
text evaluation. A total of 57 cohorts from 50 studies were included
and the study flow is reported in a PRISMA flowchart (Fig. 1), with a list
of included studies, study characteristics, and references detailed in
Supplementary Table 3.

Characteristics of included studies

Fifty studies totaling 14,661,595 people were included (controls
n=13,247,625 and COVID-19 n=1,413,970), with thirteen studies con-
ducted in those <18 years of age. Most studies were conducted in
Europe (n=25), Asia (n=13) or North America (n=9) the remaining
studies were conducted in Africa (n =1), South America (n =1) or across
multiple continents (n=1). The time to follow-up ranged from an
average of 28 to 685 days. Eleven studies reported data on hospitalised
patients, 14 non-hospitalised, and 25 on hospitalised and non-
hospitalised combined (mixed). The most reported symptom out-
comes across all cohorts were fatigue (n=34), headache/migraine
(n=36), breathlessness (n=33), chest pain/ tightness (n=27), and
affected sleep (n = 25). Of note, for 35 (70%) of the 50 studies included,
ethnicity of the populations was not reported.

The overall quality rating of included studies was low risk of bias
(n=35) and medium risk of bis (n=15); see Supplementary Table 4.
Most of the studies (n=33) utilised self-report (i.e., no reference to
original medical records or laboratory reports to confirm the out-
come) to select SARS-CoV-2 negative comparator populations, 15 used
record linkage (e.g., identified through ICD codes on database records)
and two studies failed to provide a description.

Publication bias was not found to be a statistically significant for
the outcome ‘one or more symptoms at follow -up, with p-values from
the Egger’s test of 0.125, 0.266 and 0.282 for the sub-groups of hos-
pitalised, non-hospitalised, and mixed respectively.

All cohorts irrespective of hospitalisation status
Across all studies combined, a total of 40 individual symptoms were
reported (Fig. 2), and the relative risk exceeded 1.0 in all symptoms

except for hoarse voice. The five symptoms with the highest pooled
relative risks were loss of smell (RR 4.31; 95% Cl 2.66, 6.99), loss of taste
(RR 3.71; 95% CI 2.22, 7.26), poor concentration (RR 2.68; 95% CI 1.66,
4.33), impaired memory (RR 2.53; 95% CI 1.82, 3.52), and hair loss/
alopecia (RR 2.38; 95% CI 1.69, 3.33). The outcome of at least one
symptom at follow-up was reported in 17 studies.

Hospitalised cohorts

Among hospitalised patients, a total of 37 symptoms were reported,
and the relative risk exceeded 1.0 for all symptoms except diarrhoea
and abdominal pain. The five symptoms with the highest pooled
relative risks were loss of smell (RR 11.05; 95% CI 3.02, 40.48), loss of
taste (RR 8.59; 95% CI 3.58, 20.60), chills/shivers (RR 7.44; 95% ClI 2.14,
25.89), sore throat (RR 4.77; 95% CI1.30, 17.50), and pain (RR 4.46; 95%
Cl 3.38, 5.87). The outcome of at least one symptom at follow-up was
only reported in six studies. See Fig. S1 for all symptom risk ratio
estimates in hospitalised study populations.

Non-Hospitalised cohorts

In the non-hospitalised groups, a total of 39 symptoms were reported,
and the relative risk exceeded 1.0 for all symptoms except weight loss,
sore throat, hoarse voice, and cognitive dysfunction. The five symp-
toms with the highest pooled relative risks were poor concentration
(RR 4.86; 95% Cl 2.67, 8.85), loss of smell (RR 4.28; 95% CI 2.92, 6.28),
hair loss/alopecia (RR 3.09; 95% CI 1.51, 6.33), impaired memory (RR
2.74;95% C11.02,7.39), and loss of taste (RR 2.22; 95% CI 1.56, 3.17). The
outcome of at least one symptom at follow-up was only reported in six
studies. See Fig. S2 for all symptom risk ratio estimates in non-
hospitalised study populations.

Mixed Hospitalised and Non-Hospitalised cohorts

In the mixed group of 25 hospitalised and non-hospitalised cohorts, a
total of 42 symptoms were reported, and the relative risk exceeded 1.0
for all symptoms except chills/shivers and hoarse voice. The five
symptoms with the highest pooled relative risks were indigestion/
heart burn (RR 6.35; 95% Cl 0.35, 114.17), loss of smell (RR 4.16; 95% CI
2.23, 7.79), impaired memory (RR 3.62; 95% CI 1.85, 7.07), confusion
(RR 3.38; 95% ClI 2.21, 5.18), and taste (RR 3.27; 95% Cl 1.71, 6.27). The
outcome of at least one symptom at follow-up was only reported in five
studies. See Fig. S3 for all symptom risk ratio estimates in the mixed
group of hospitalised and non-hospitalised populations.

Associations of study characteristics with risk ratio estimates
For many of the meta-analysis models fitted between study hetero-
geneity was high. Meta-regression models were fitted to assess asso-
ciations between study level characteristics and estimated effect sizes
(Supplementary Table 5). The percentage of male participants was
significantly associated with fever, cough, and hair loss; whereby stu-
dies with a greater percentage of males showed a greater impact of
COVID-19 on these symptoms (higher estimated relative risks). No
other significant associations were observed.

Discussion

We report on the relative risk of Long COVID symptoms in a general
population post-COVID-19 compared to uninfected controls using
50 studies including 14,661,595 people. This systematic review
found that in all populations combined, there is an increased risk of
up to 42 symptoms in those infected with SARS-CoV-2 compared to
uninfected controls. Across all populations combined, the greatest
increased risk was observed for loss of smell (4.31-fold), loss of taste
(3.71-fold), poor concentration (2.68-fold), impaired memory (2.53-
fold), and hair loss/alopecia (2.38-fold). Smell and taste dis-
turbances were in the top five symptoms with the highest risk ratio
across all three cohorts. Poor concentration, impaired memory, and
hair loss/alopecia were in the the top five symptoms with the
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Identification of studies via databases and registers

Studies included in review
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Language (n = 58)
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Hospitalisation status missing or unclear (n = 23)
No relevant outcomes (n = 17)

Unable to locate (n = 3)

Symptom not reported across = 3 studies (n = 1)
Article retracted (n = 1)

Fig. 1| PRISMA flow diagram. This diagram shows the systematic process we followed to include papers captured by our search, 48,104 records were screened and

50 studies included in the final review.

highest risk ratio across all populations combined and the non-
hospitalised cohorts.

In general, risk ratios for symptoms were slightly higher in hos-
pitalised populations, in comparison to non-hospitalised, or mixed
hospitalised and non-hospitalised populations. In all cohorts, and in
non-hospitalised cohorts, risk ratios were below 1 for hoarse voice,
suggesting it is unlikely to be related to SARS-CoV-2 infection. A prior
systematic review of controlled studies® (which included studies of
healthcare workers and veterans) reporting on the risk of main Long
Covid symptoms, found that COVID-19 infection resulted in an ele-
vated risk of fatigue (1.72-fold), shortness of breath (2.60-fold), mem-
ory problems (1.44-fold), and concentration problems (2.53-fold) at
four or more weeks post- infection across all populations combined. In
agreement, our data show elevated risk for these symptoms in all
populations combined, with lower risk estimates for all except mem-
ory (2.53-fold) and concentration (2.68).

In analyses of only hospitalised or outpatient populations, Mar-
jenberg and colleagues® showed a similar risk of fatigue and shortness
of breath compared with data from all SARS-CoV-2 infections, whereas

in the present review, risk ratios were greater in hospitalised compared
to non-hospitalised populations.

Similar to Xu and colleagues® we observed an increased risk of
long-term symptoms in cases compared to controls across a plethora
of symptoms, however the risks reported in the current review were
often lower. This is likely due to our review being truly reflective of the
general population and excluding studies including healthcare work-
ers, veterans and symptomatic controls. Additionally, Xu and collea-
gues report odds ratios which compared to risk ratios are known to
often overestimate risk”.

A significant limitation of evidence synthesis on Long Covid
symptoms has been the lack of comparator and control groups. This is
a particularly important requirement when assessing symptoms which
are common in the general population (e.g., headache, fatigue, sleep
problems)*, or which may have been exacerbated by living through
the COVID-19 pandemic. The present systematic review, in concert
with the findings of Marjenberg et al.,” clearly demonstrate that SARS-
CoV-2 infection, regardless of hospitalization status, is associated with
markedly increased risks of a range of long-term symptoms.
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Symptom Relative

Risk (95% Cl) N studies 12
Cardiopulmonary
Breathlessness —— 1.77 (1.54,2.04) 33 99.13
Palpitations —— 1.85(1.43,2.40) 12 93.6
Chest pain/tightness - 1.65(1.37,1.75) 27 93
Gastrointestinal
Constipation == 1.16 (1.01,1.33) 8 85.8
Gastro-intestinal problems ——— 1.44 (1.17,1.77) 8 44.6
Abdominal pain <& 1.24 (1.15,1.33) 19 69.6
Vomiting/Nausea —— 1.39(1.18,1.63) 20 76.6
Diarrhoea - 1.22(1.06,1.41) 14 68.2
Neurocognitive
Impaired memory —— — 2.53(1.82,3.52) 12 98.2
Poor concentration L 2.68(1.66,4.33) 12 90.8
Cognitive dysfunction/impairment —— 143 (1.16,1.77) 10 98
Confusion/brain fog —— — 2.35(1.68,3.28) 9 89.9
Neurological and Neuromuscular
Affected hearing (includes ear pain and tinitis) < 1.25(1.18,1.34) 11 75.3
Affected vision/Eye problems - 1.29(1.13,1.47) 15 88.1
Headache/Migraine -- 1.28 (1.16,1.41) 36 94.7
Loss of taste < » 3.71(2.22,6.21) 15 954
Loss of smell < $  4.31(2.66,6.99) 20 98.2
Pain
Pain/discomfort —— 1.50 (1.31, 1.72) 7 95.3
Joint pain (Arthralgia) <= 1.30(1.18,1.42) 18 93.4
Muscle weakness/Pain (Myalgia) —— 2.01(1.54,2.62) 23 98.2
Physiological and Social
Affected sleep o s a— 1.23(0.78,1.92) 25 99.8
Depression —— 1.23(1.04,1.45) 18 971
Anxiety - 1.31(1.12,1.54) 17 96.7
PTSD — 1.39(0.88,2.20) 4 37.3
Systemic Symptoms
Weight loss T 1.16 (0.93,1.45) 10 97.7
Fatigue —-— 1.64 (1.46,1.85) 34 97.2
Dizziness —— 1.51(1.30,1.76) 21 90.4
Parathesis —— 1.62(1.41,1.86) 10 80.7
Chills/shivers p— 1.52(1.00,2.31) 5 82.3
Fever e 1.22(0.93,1.62) 16 85.2
Change in appetite —— 1.48(1.13,1.94) 14 82.1
Menstrual changes o e 1.06 (0.73,1.52) 5 78.9
Upper Respiratory
Sore throat —— 1.39(1.04,1.85) 15 87.55
Nasal symptoms —— 1.09 (0.86, 1.39) 14 88.8
Hoarse voice L 0.81(0.42,1.57) 6 90.1
Cough —— 1.54 (1.24,1.92) 22 97.1
Other
At least 1 symptom at follow-up <= 1.37 (1.27,1.49) 17 99.3
Impaired mobility/walking - 1.14(0.90,1.44) 4 70.1
Hair Loss/Alopecia —— — 2.38(1.69,3.33) 14 95.5
Dermatological problems —— 1.23 (1.05, 1.45) 21 924

| | | |
0 1 2 4 6

Increased risk in controls

Fig. 2 | Forest plot of pooled relative risks for each symptom in all populations
combined. The figure illustrates pooled relative risks and associated 95% con-
fidence intervals for each symptom using random effects models. All tests were

Increased risk in covid group

2-sided and no adjustment was made for multiple comparisons. Heterogeneity was
assessed using Higgins /2 statistic (” between 75% and 100% indicates considerable
between study heterogeneity).

A previous systematic review of 194 uncontrolled studies on the
prevalence of Long Covid symptoms?, found that fatigue, disturbed
sleep, and breathlessness were highly prevalent symptoms reported
across hospitalised, non-hospitalised, and mixed cohorts. In the pre-
sent review, while all displayed risk ratios greater than 1.0, across all
populations analysed, none of these symptoms were in the top five
symptoms with the highest risk ratio, in any of the cohorts. This
demonstrates that identifying the most discriminatory symptom pro-
files for Long Covid, is highly dependent on the inclusion of a control/
comparator group, as well as the varied symptom measures employed,
and populations studied.

In the present review, 42 individual symptoms were analysed,
which we report across nine symptom groups. A consensus exercise
with a multidisciplinary international group previously recommended
a core outcome set of 11 outcomes for Long Covid research”. However,
there has been limited consideration in the literature, core outcome
sets, or in the present review, of the total number of reported symp-
toms as an outcome. Previous reports suggest that the total number of
symptoms is positively associated with the severity of ongoing health
impairments in adults hospitalised with COVID-19?® and in children and
young people the number of symptoms was more indicative of Long
Covid than individual symptoms®*°. Without this indicator it is hard to
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ascertain the full burden of ill health that people with Long Covid are
living with. Data on the total number of symptoms and their combined
impact, which was not routinely reported in the included studies, may
also help shape the intensity or complexity of care required”.

Inclusion criteria for the exposure group in the present review
were defined as SARS-CoV-2 infection and the presence of ongoing
symptoms for a minimum of 28 days but we did not stipulate symp-
toms must have occurred within a given timeframe of the initial
infection. Although the World Health Organization (WHO) definition of
Long Covid includes the development of new symptoms®, recent
repeated longitudinal data on children and young people found that
test-positive and test-negative reported new symptoms at 6 months™.
This is problematic when considering the causal relation to the original
SARS-COV-2 infection and it is plausible that some new symptoms are
due to undiagnosed re-infection with SARS-CoV-2 or simply reflect the
background symptomatology found in the general population®. In the
WHO definition for children and young people, symptoms have to
have occurred within 3 months of acute COVID-19*. Future evidence
reviews should consider utilizing such criteria that consider the issue
of new symptom reporting.

Long Covid has been hypothesised to result from various
mechanisms such as immune dysregulation, microbiota dysbiosis,
autoimmunity and immune pruning, blood clotting and endothelial
abnormalities, and dysfunctional neurological signalling, indicating
a complex interplay needing further research for targeted
treatments.

A limitation of the results presented here, are that many of the
meta-analyses showed high between study heterogeneity (I?>75%).
This indicates that study estimates are differing due to study level
characteristics, such as the populations being studied and this was
investigated where possible with meta-regression and sub-group ana-
lyses. A final limitation is that although the majority of included studies
utilised PCR testing, serology or negative test records via EHR to
determine the absence of SARS-CoV-2, many were published in 2022/
23 when there may have been few truly negative controls in the UK
(and potentially Europe and North America), particularly as access to
free testing kits had been withdrawn. However, we did ensure that
symptomatic control groups were excluded.

There are various strengths to the current review however. We
present the most comprehensive systematic synthesis of global evi-
dence on the risk of symptoms of Long Covid in general populations
infected with SARS-CoV-2 compared to uninfected comparator/
control populations. In addition, the review was conducted and
reported according to the PRISMA guidelines and pre-registered on
PROSPERO. Several limitations are worth highlighting however. First,
there was geographical homogeneity in the included studies, with
68% of studies being conducted in Europe or North America. There is
a continuing need for evidence from regions with a higher propor-
tion of low-and middle-income countries such as Africa, South
America, as well as a need for data across a range of ethnic groups
and deprivation groups.

Secondly, there was significant diversity in the populations
examined, the methodologies employed in the studies, and the out-
comes related to symptoms. All included studies followed a cohort
design, even though many of them described their design as a case-
control study. Additionally, the choice of a non-infected comparator or
control population varied among the studies. Thirdly, we did not
examine the distinct impact of different SARS-CoV-2 variants or vac-
cination. We also did not study recover rates from these symptoms,
though the longest follow-up period included was 685 days. Investi-
gating the long-term health effects of COVID-19 is however challenging
due to the diversity of SARS-CoV-2 variants, their initial severities,
potential variations in symptom trajectories, and the influence of
widespread vaccination across large segments of populations over
time’. Finally, we did not incorporate data on diagnoses (e.g.,

myocarditis, pulmonary fibrosis) which would provide further insight
into the wider sequelae of Long Covid.

In summary, this review presents relative risk estimates for the
long-term health impact assessments of Long Covid in studies of both
hospitalised and non-hospitalised groups that included a comparator
population. Future studies should include standardising symptom
data collection tools for enhancing the clinical relevance of Long Covid
reviews. We found that individuals infected with SARS-CoV-2 face an
elevated risk of up to 42 symptoms compared to uninfected controls.
As a consequence, healthcare services and policies must prioritise
Long Covid care and understand its sub-types for targeted healthcare
strategies.

Methods

This review adhered to the Preferred Reporting Items for Systematic
Review and Meta-analyses (PRISMA) guidelines, as outlined in the
supplemental file (Supplementary Table 1). Additionally, it was pre-
registered on the International Prospective Register of Systematic
Reviews (PROSPERO; CRD42021238247).

Inclusion criteria

COVID-19 exposed population. To meet the inclusion criteria, studies
needed to involve a minimum of 100 individuals with a history of
COVID-19, confirmed either through self-diagnosis or by a polymerase
chain reaction (PCR), antigen, or antibody test, and who continued to
experience symptoms for >28 days. The definition of Long Covid,
characterised by persistent symptoms lasting >28 days, was consistent
with our earlier review? and aligned with national data on Long Covid
recorded by the UK Office for National Statistics and the UK NHS and
National Institute for Health and Care Excellence, covering “ongoing
symptoms of COVID” over a period of 4 to 12 weeks.

As the focus of this review was on evaluating the risk of Long
Covid symptoms in the general population following COVID-19, stu-
dies focusing on specific sub-groups such as specialist respiratory
clinics, healthcare workers, pregnant women, veterans were excluded.
Additionally, studies that failed to report if patients were hospitalised
or not, those where the duration of follow-up could not be determined,
case studies, and those where all participants were not assessed for a
minimum of 28 days, were excluded.

Study design. Primary research studies of any design (except case
studies) that included a control/comparator group and reported at
least one relevant outcome at >28 days were deemed eligible. Reviews,
editorial, and letters that did not contain original research were
excluded.

Comparator/control population. Inclusion criteria required studies
to incorporate a control or comparator group comprising individuals
(with no specified limit on group size) who had not experienced
COVID-19, confirmed through self-diagnosis or objective tests such as
PCR, antigen, or antibody tests. Symptomatic control groups were
excluded and coded as wrong comparator.

Outcomes. All included studies were required to present the fre-
quency of at least one symptom or clinical investigation. Included
studies reported individual symptom data in the following forms: total
number of participants, risk ratios, hazard ratios, or weighted per-
centages. Other forms of data that could not be used for direct com-
parisons within the meta-analysis model were excluded (e.g., odds
ratios, mean difference from baseline etc.,). When symptoms were
combined or clustered, we were unable to use them in the analyses.
Studies reporting on serology, histopathology, and clinical biomarkers
were beyond the scope of this review. When cohort data is presented
at multiple time points (e.g., 3 months and 6 months) data was
extracted from the longest follow up point.
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Database searches and screening

We conducted updated searches from our prior systematic review and
meta-analysis’, extending from January 1, 2022, to August 1, 2024. The
databases searched included MEDLINE, The Cochrane Library, Scopus,
CINAHL, and medRxiv. All records were managed in reference man-
agement software EndNote 21 (Philadelphia, United States). Details
regarding the search terms and strategy can be located in Table 2 of
the supplementary material.

Two reviewers independently evaluated titles, abstracts, and full-
text articles identified through database searches against the eligibility
criteria using the online collaborative software Covidence (Melbourne,
Australia). Any discrepancies were resolved through consensus by a
third reviewer.

Data extraction and risk of bias assessment

A single reviewer carried out the data extraction using a pre-
established data extraction form, while a second reviewer indepen-
dently verified the accuracy of 10% of extractions. Extracted data
encompassed study details, population demographics, pertinent out-
comes, and COVID-19 status (e.g., hospitalisation status, time to follow-
up). To assess the risk of bias of included studies, an adjusted version
of the Newcastle-Ottawa Scale was used”. Each study received an
overall risk of bias rating of low, medium or high. Two reviewers
independently assessed risk of bias using a pre-established data
extraction form. Any discrepancies were resolved through consensus
discussion. Details on the risk of bias can be found in Table S4 of the
supplementary material.

Data synthesis

Due to the multi-system nature of Long Covid, we have presented
relative risk estimates for symptom data by hospitalisation status and
by the following systems/groupings: (i) systemic, (ii) pain, (iii) cardio-
pulmonary, (iv) gastrointestinal, (v) upper respiratory, (vi) neurologi-
cal and neuromuscular, (vii) physiological and social, (viii)
neurocognitive, and (ix) other; see Fig. 2 and Supplementary Figs. 1-3.
We detail outcomes reported in five or more studies across hospita-
lised, non-hospitalised, and mixed cohorts.

Where relative risks or hazard ratios were reported within
identified studies, these were extracted for use within the meta-
analyses. Where these were not reported, relative risks were
computed for each study using reported numbers. Pooled rela-
tive risks with 95% CI were estimated for each symptom using
random effects models. Heterogeneity was assessed using Hig-
gins /2 statistic®. Meta-analyses were carried out for all symptoms
that were reported across 3 or more studies. Due to study
populations falling into three broad categories, meta-analyses
were carried out for all studies, and then by sub-groups based on
hospital status (hospitalised, non-hospitalised or mixed). Where
information from 4 or more studies was available, between study
heterogeneity was investigated by fitting meta-regression models
to assess the associations between study effect size with mean
study age of patients (median age was used if mean was
not reported) and sex (proportion of males).The potential for
publication bias was evaluated within meta-analyses by funnel
plots and the Egger’s test*®. All analyses were carried out in
Stata/IC 18.0.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The dataset generated during and analysed during the current study
are available in the Figshare repository (https://doi.org/10.6084/m9.
figshare.28695185.v1).
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