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Summary
Background The aim of this study was to systematically synthesise the global evidence on the prevalence of persistent
symptoms in a general post COVID-19 population.

Methods A systematic literature search was conducted using multiple electronic databases (MEDLINE and The
Cochrane Library, Scopus, CINAHL, and medRxiv) until January 2022. Studies with at least 100 people with
confirmed or self-reported COVID-19 symptoms at >28 days following infection onset were included. Patient-
reported outcome measures and clinical investigations were both assessed. Results were analysed descriptively,
and meta-analyses were conducted to derive prevalence estimates. This study was pre-registered (PROSPERO-ID:
CRD42021238247).

Findings 194 studies totalling 735,006 participants were included, with five studies conducted in those <18 years of
age. Most studies were conducted in Europe (n = 106) or Asia (n = 49), and the time to follow-up ranged from >28
days to 387 days. 122 studies reported data on hospitalised patients, 18 on non-hospitalised, and 54 on hospitalised
and non-hospitalised combined (mixed). On average, at least 45% of COVID-19 survivors, regardless of
hospitalisation status, went on to experience at least one unresolved symptom (mean follow-up 126 days). Fatigue
was frequently reported across hospitalised (28.4%; 95% CI 24.7%-32.5%), non-hospitalised (34.8%; 95% CI
17.6%-57.2%), and mixed (25.2%; 95% CI 17.7%-34.6%) cohorts. Amongst the hospitalised cohort, abnormal CT
patterns/x-rays were frequently reported (45.3%; 95% CI 35.3%-55.7%), alongside ground glass opacification
(41.1%; 95% CI 25.7%-58.5%), and impaired diffusion capacity for carbon monoxide (31.7%; 95% CI 25.8%-3.2%).

Interpretation Our work shows that 45% of COVID-19 survivors, regardless of hospitalisation status, were
experiencing a range of unresolved symptoms at ~ 4 months. Current understanding is limited by heterogeneous
study design, follow-up durations, and measurement methods. Definition of subtypes of Long Covid is unclear,
subsequently hampering effective treatment/management strategies.
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Research in context

Evidence before this study

Previous systematic reviews and meta-analyses have reported
that patients globally suffer from a heterogeneous range of
common ongoing symptoms including fatigue, malaise,
altered smell and taste, breathlessness, and cognitive
impairments. In this systematic review and meta-analysis, we
searched MEDLINE, The Cochrane Library, Scopus, CINAHL,
and medRxiv up to January 2022 for eligible studies. Studies
with at least 100 people with confirmed or self-reported
COVID-19 symptoms at >28 days following infection onset
were included. The overall quality rating of included studies
was poor (n = 14), fair (n = 62), or good (n = 118). Results
were analysed descriptively, and random effects meta-
analyses were conducted to derive prevalence estimates.

Added value of this study

This systematic review and meta-analysis provides the most
comprehensive and contemporary review to date. To the best
of our knowledge, no recent large-scale meta-analysis has

Introduction

As of July 2022, over 500 million confirmed cases
of coronavirus disease 2019 (COVID-19) have been
documented worldwide, leading to more than
6.3 million deaths.’ The term Long Covid has since
become internationally recognised within the litera-
ture, along with a range of other descriptors for pro-
longed or residual COVID-19 symptoms, including
‘post-acute sequelae of COVID-19’, ‘ongoing COVID-
19’, ‘chronic Covid syndrome’, ‘long-haul covid’, and
‘post-COVID-19".2 Like the condition itself, existing
definitions of Long Covid are heterogeneous, and
there is, as yet, no unified definition of Long Covid,
and various descriptors exist based on the duration of
symptoms, clustering or groups of symptoms, or a
combination of both.

The number of people living with Long Covid
worldwide is unknown, but the UK Office for National
Statistics (ONS) estimated that 1.8 million people in the
UK (2.8% of the population) were reporting COVID-19
symptoms lasting more than 4 weeks as of May 2022
(point in time prevalence estimate).” In the United
States data from the Centre for Disease Control and
Prevention estimated 7.5% of adults were still

reported both symptomology and abnormal/impaired
investigation prevalence in a general population post SARS-
CoV-2, both elements combined could be fundamental in
identifying the mechanistic underpinning and subsequent
clinical management of Long Covid. We included both
hospitalised and non-hospitalised populations and excluded
specialist study populations, such as patients treated in a
specialist respiratory clinic, which may bias general population
symptom prevalence estimates.

Implications of all the available evidence

Moving forward, harmonisation of data collection tools will
be fundamental to improving the clinical utility of findings
from systematic reviews of Long Covid. It is clear that given
the high prevalence of persistent symptoms after 12 weeks
(nearly 1 in 2 people) that healthcare services and policy need
to prioritise Long Covid care, and in addition understand
different sub-types of Long Covid to permit stratified
healthcare and ensure services are not overwhelmed in future.

experiencing persistent symptoms three or more
months after their initial COVID-19 diagnosis.*

A number of systematic reviews have reported pa-
tients globally suffering from a heterogeneous range of
common ongoing symptoms (in some cases over 60
physical and psychological symptoms®), including fa-
tigue, malaise, altered smell and taste, breathlessness,
and cognitive impairments.”® There is also concerning
data of single or multiple organ impairment, even in
low-risk individuals.'*'" However, previous reviews have
either focused largely on hospitalised populations,’” are
limited to studies with follow-up to ~ eight months, are
published prior to March 2021 °7, and have included
specialist study populations such as patients treated in a
specialist respiratory clinic which may bias general
population symptom prevalence estimates. Although
more recent reviews and meta-analyses of the global
burden of Long Covid are comprehensive, they are also
somewhat limited by only including studies with a
sample size of >323, again not excluding specialist
study populations, and not including clinical in-
vestigations.'” In addition to patient-reported outcome
measures, clinical investigations can offer further
insight into the mechanistic underpinning and
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subsequent clinical management of Long Covid. To the
best of our knowledge, no recent large-scale meta-anal-
ysis has reported both symptomology and abnormal/
impaired investigation prevalence in a general popula-
tion post SARS-CoV-2.

A greater understanding of Long Covid symptomol-
ogy will provide important information to inform the
identification, management and treatment of this
condition. Therefore, the aim of this review is to sys-
tematically synthesise the global evidence base on the
prevalence and symptomology of Long Covid in a gen-
eral post COVID-19 population.

Methods

Search strategy and selection criteria

This systematic review and meta-analyses were con-
ducted in accordance with Preferred Reporting
Items for Systematic Review and Meta-analyses
(PRISMA) guidelines (supplemental file, Table S1) and
was preregistered at http://www.crd.york.ac.uk as
CRD42021238247. We searched the following databases
from 31st December 2019 (when the Wuhan Municipal
Health Commission, China, first reported a cluster of
cases of pneumonia in Wuhan, Hubei Province) to 21st
January 2022: MEDLINE, The Cochrane Library, Sco-
pus, CINAHL, and medRxiv. Pre-determined search
terms and strategy are provided; see supplemental file,
Table S2.

Studies were considered eligible if they included at
least 100 people who previously had COVID-19 (either
self-diagnosed or confirmed by a PCR, antigen or
antibody test) and ongoing symptoms for a minimum
of 28 days. We chose this definition of Long Covid to
align with the comprehensive national data on Long
Covid the ONS/NHS have been recording on
“ongoing symptoms of COVID” from 4 to 12 weeks.
All included studies must have reported the frequency
of at least one symptom or clinical investigation; in-
terventions, serology, histopathology, and clinical
biomarkers were beyond the scope of this study.
Exclusion criteria included: studies that failed to
report if patients were hospitalised or not, those
where the duration of follow-up could not be deter-
mined, case studies, and those where all patients were
not assessed for a minimum of 28 days. We report
outcomes reported in five or more studies across
hospitalised, non-hospitalised, and mixed cohorts. As
we were aiming to assess prevalence of Long Covid
symptoms in a general population post-COVID-19,
studies recruiting sub-groups of patients were
excluded for example requiring critical care, specialist
respiratory clinics, Long Covid groups, pregnant
women, and health care workers to reduce selection
bias. Titles, abstracts, and full-text articles identified
through database searches were screened indepen-
dently by two reviewers to determine whether they
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met the eligibility criteria using the online collabora-
tive software Covidence (Melbourne, Australia).
Disagreements were resolved by consensus of a third
reviewer.

Data analysis

Data extraction was performed independently by one
reviewer using a pre-specified and piloted data extrac-
tion form with a second reviewer checking for accuracy
independently of the first. Fields included: study details,
population demographics, frequency of relevant out-
comes, COVID-19 context (e.g., hospitalisation status,
time to follow-up). Two reviewers independently
assessed the quality of the included studies. The study
quality assessment tools of the National Heart, Lung,
and Blood Institute of the National Institutes of Health
(NIH) for quality assessment of observational cohort
and cross-sectional studies and case series studies were
used to assess the quality of included studies.”” An
overall quality rating of good, fair, or poor was deter-
mined for each study. Publication bias was assessed for
the outcome ‘one or more symptoms at follow-up’ by
hospital status using Egger’s test.

Due to the multi-system nature of Long Covid we have
presented prevalence of symptoms data by hospitalisation
status and by the following systems/groupings: (i) sys-
temic, (ii) pain, (iii) cardiopulmonary, (iv) gastrointestinal,
(V) upper respiratory, (vi) neurological and neuromus-
cular, (vii) physiological and social, (viii) neurocognitive,
abnormal imaging result, abnormal lung function, and
(ix) other; see supplemental file, Figs. S1-S11.

Estimated symptom prevalence was pooled across
studies. Random effects meta-analyses were used to allow
for between study heterogeneity, and pooled prevalence
was estimated using the inverse of the logit function.
Hospitalised, non-hospitalised, and mixed populations
were analysed separately. For studies reporting results for
both hospitalised and non-hospitalised cohorts and the
number of participants in each group was >100, the data
were analysed separately. Where data results were pre-
sented separately by hospitalisation status, but with fewer
than 100 participants in either group, the data was
combined and categorised as mixed. Between study het-
erogeneity was quantified using the I-squared statistic,"
and the heterogeneity was explored using sub-group
and meta-regression techniques, where appropriate, to
assess the impact of study level characteristics on the
estimated prevalence of ‘at least one symptom at follow-
up’. A sensitivity analysis assessing the impact of study
quality was also carried out for this outcome by removing
studies categorised as poor quality, and recalculating the
estimated pooled prevalence.

Role of the funding source
There was no funding source for this study.
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Results

In total, 18,932 titles were identified through database
searches, of which 194 were included in this review
(Fig. 1). A total of 735,006 participants were included in
this analysis with the number of people assessed at
follow-up ranging from 100 to 437,943. Median age of
the cohorts ranged from 3 to 74 years, with five studies
conducted in those <18 years of age. Studies were con-
ducted in Europe (n = 106), Asia (n = 49), North

America (n = 26), South America (n = 5), Africa (n = 4),
Oceania (n = 2), and across multiple continents (n = 2).
Time to follow-up ranged from ‘>28 days’ to 387 days.
For study and participant characteristics of included
studies; see supplemental file, Table S3. This analysis
includes data from hospitalised (n = 122), non-
hospitalised (n = 18), and hospitalised and non-
hospitalised combined (mixed) (n = 54) patients. Of
note, for 144 (74%) of the 194 studies included,

Records identified through database
screening
(n=22,156)

A

Records removed as duplicates
(n=3,224)

Records screened
(n=18,932)

A 4

A

Records excluded based on title and
abstract (n=17,792)

Full-text articles assessed for
eligibility
(n=1,140)

y

Full-text articles excluded, with reasons (n=946)

281: Not Long Covid (<28 days)

197: Wrong study design/not empirical research
154: <100 patients

119: No relevant outcomes

41: Unclear time frame

35: Duplicate data

31: Specialist population

26: Language

23: High risk of responder bias

16: Health care workers

11: Hospitalisation status not given

6: Trial registration

6: <5 studies report the symptom/investigation

Studies included
(n=194)

Fig. 1: PRISMA flow diagram. Delineation of study selection.
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ethnicity/race of the populations was not reported. The
overall quality rating of included studies was poor
(n = 14), fair (n = 62), or good (n = 118); see supple-
mental file, Tables S4-S6. Publication bias was not
found to be statistically significant for the outcome ‘one
of more symptoms at follow —up, with p-values from the
Egger’s test of 0.097, 0.277 and 0.892 for the sub-groups
of hospitalised, non-hospitalised, and mixed
respectively.

With an average study follow-up time of 126 days, the
pooled prevalence of COVID-19 survivors experiencing
at least one unresolved symptom, regardless of hospi-
talisation status, was 45%. Ranked symptom prevalence
is presented by hospitalisation status: hospitalised
(Fig. 2), non-hospitalised (Fig. 3), and mixed (Fig. 4). In
the hospitalised group, 46 symptoms and 12 in-
vestigations were reported (Fig. 2). Amongst hospital-
ised patients, the pooled prevalence of COVID-19
survivors experiencing at least one symptom at a mean
follow-up of 126 days was 52.6% (95% CI 43.5%—61.6%;
48 studies). The five most prevalent symptoms reported
were fatigue (28.4%; 95% CI 24.7%-32.5%; 70 studies),
pain/discomfort (27.9%; 95% CI 21.2%-35.6%; 10
studies), impaired sleep (23.5%; 95% CI 18.1%-29.8%;
34 studies), breathlessness (22.6%; 95% CI 18.3%—
27.4%; 70 studies), and impaired usual activity (22.3%;
95% CI 14.2%-33.39%; 10 studies). Among patients
from the hospitalised cohort who underwent clinical
investigations, there were lasting changes in lung
structure/function at follow-up. Of investigations,
abnormal CT patterns/x-rays were frequently reported
(pooled prevalence of 45.3%; 95% CI 3.3%-55.7%;
13 studies), alongside ground glass opacification (41.1%,;
95% CI 25.7%-58.5%; 10 studies), and impaired diffu-
sion capacity for carbon monoxide (31.7%; 95% CI
25.8%-38.2%; 13 studies). In addition to ground glass
opacification, fibrotic changes (26%), reticular patterns
(12%), and consolidations (2%) were also reported (see
Fig. 2). Functionally, total lung capacity (TLC) (26%),
forced expiratory volume in 1 s (FEV;) (10%), forced
vital capacity (FVC) (9%), and exercise capacity (19%)
were also impaired in a proportion of the participants.
See Fig. 2 for all symptom and investigation prevalence
estimates in hospitalised study populations.

In the non-hospitalised group, the pooled prevalence
of COVID-19 survivors experiencing at least one symp-
tom at follow-up was 34.5% (95% CI 21.9%-49.7%;
11 studies). Although the overall number of studies
reporting each symptom across cohorts was >5, the
number of studies within the non-hospitalised cohort
was often less. The most frequent symptoms amongst
non-hospitalised patients where more than one study
was included in the analysis were fatigue (34.8%; 95%
CI 17.6%-57.2%; 12 studies), breathlessness (20.4%;
95% CI 13.9%-29.1%; 9 studies), muscle pain/myalgia
(17.0%; 95% CI 5.0%—44.2%; 9 studies), affected sleep
(15.3%, 95% CI 3.8%—45.4%; 9 studies), and loss of
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sense of smell (12.7%; 95% CI: 9.5, 16.7). For non-
hospitalised patients, the variability in estimated preva-
lence between studies was high. See Fig. 3 for all
symptom and investigation prevalence estimates in non-
hospitalised study populations.

In the mixed group of hospitalised and non-
hospitalised patients, the pooled prevalence of COVID-
19 survivors experiencing at least one symptom at
follow-up was 37.8% (95% CI 31.8%—44.2%; 36 studies).
The most frequently described symptoms were fatigue
(25.2%; 95% CI 17.7%-34.6%; 33 studies), breathless-
ness (18.2%; 95% CI 12.6%-25.6%; 26 studies), impaired
usual activity (14.9%; 95% CI 6.7%-29.9%,; 5 studies),
loss of sense of taste (14.9%; 95% CI 6.7%-29.9%;
9 studies), and loss of sense of smell (14.1%; 95% CI
4.9%-34.5%; 14 studies). See Fig. 4 for all symptom and
investigation prevalence estimates in mixed hospitalised
and non-hospitalised study populations.

Between studies heterogeneity was high for the ma-
jority of meta-analyses, ranging from 2 to 99.9%, and
reasons for this were explored with meta-regression and
sub-group analyses. Meta-regression showed no associ-
ation between the study level characteristics of average
age (mean or median), % male, or average follow-up
time (mean or median); and estimated prevalence of
‘one or more symptom’ in the study cohort (Table 1).
The prevalence estimate for one symptom at a mean
follow-up of 126 days, regardless of hospitalisation sta-
tus, was 44.8% (95% CI 38.6%-51.2%). A comparison of
the prevalence of ‘one or more symptoms’ in a hospi-
talised population across continents showed the pooled
prevalence was higher in Europe, compared to both
North America and Asia (estimated pooled prevalence
estimates for Europe of 62.7% (95% CI 56.5%-68.5%),
North America 38.9% (95% CI 24.0%-56.3%), Asia
40.9% (95% CI 34.5%—47.7%), and Other 24.8% (95%
CI 2.0%-84.1%); with this difference being statistically
significant between Europe and Aisa (Supplemental
Table S7). Moreover, categorising follow-up time to
either <12 weeks and >12 weeks showed no statistically
significant difference, although in all categories (hospi-
talised, non-hospitalised, or mixed), the estimated
pooled prevalence was numerically reduced in studies
with longer follow-up by an estimated 3.72, 7.57 and
10.61 percentage points, respectively (Tables 2 and 3).
See Supplemental Table S8 for prevalence estimates of
at least one symptom at various follow-up time points.
The sensitivity analyses which removed studies cat-
egorised as being of poor quality, also showed no sig-
nificant change in the estimated prevalence of the
outcome at least one symptom at follow-up
(Supplementary Table S9).

Discussion
We report (using 194 studies including 735,006 partic-
ipants) on the prevalence and symptomology of Long
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Prevalence Number
(95% Cl) of studies |-Squared

Symptom

At Least 1 Symptom at Follow-up —.— 5263 (4346, 61.64) 48 9.7
Fatigue/Weakness —— 28.44 (24.68, 32.52) 70 97.9
General pain/Discomfort —— 27.85(21.22, 35.62) 10 95.9
Affected Sleep —— 23.45(18.13,29.76) 34 98.5
Breathlessness (Dyspnea) —— 2255(18.31, 27.44) 70 98.8
Impaired Usual Activity e s 2231(14.19, 33.27) 10 97.5
Impaired Memory —— 19.90(15.82, 24.73) 23 96.3
Exertional Breathlessness ————— 19.61(8.85,38.00) 6 98.5
Poor Concentration —— 18.59(13.43, 25.16) 1 95.7
Cognitive Dysfunction —— 17.09(10.13, 27.39) 13 97.7
PTSD —— 16.48 (1292, 20.79) 20 93.6
Impaired Walking/Mobility —— 14.75(9.84,21.51) 14 97.7
Joint Pain —e 14.30(8.04,24.15) 16 99.3
Anxiety - 13.96 (11.27, 17.17) 32 97.0
Depression - 12.93(10.31, 16.09) 30 96.9
Problems wiith Setf-care —_— 10.59 (4.62,2245) 9 98.4
Musdles pain/Myalgia - 10.25(6.93,14.91) 28 98.4
Cough - 10.16(7.40,13.79) 50 98.5
Sweating/Night Sweats —— 9.69 (572, 15.96) 8 98.3
Weight Loss - 8.55 (560, 12.84) 9 95.4
Chest Pain/Tightness <& 7.18(521,981) 39 98.2
Hair Loss/Alopecia - 7.06 (4.62, 10.65) 20 97.9
Headache/Migraine < 6.81(4.88,943) 27 9.8
Gastro-intestinal Symptoms - 6.42(3.83,10.56) 13 95.6
Smell L d 6.31(4.59,862) 41 96.7
Affected Vision - 6.30 (3.79, 10.30) 11 9.8
Palpitations < 6.27 (4.48,871) 22 97.1
Paraethesia -— 6.22(2.80,13.24) 6 97.3
Diziness - 6.21 (349, 10.80) 15 98.3
Change in Appetite - 593 (359,963 14 9.2
Taste - 5.40 (342, 843) 32 97.8
Sputum L o 464(282,752) 8 91.0
Nasal Symptoms -— 454 (148,13.09) 7 9.5
Confusion/Brain Fog - 4.14(1.64,10.07) 9 98.9
Skin Changes/Goosebumps - 4.12(2.35,7.14) 19 97.6
Abdominal Pain L o 4.00 (221, 7.12) 10 9.6
Vertigo -— 376 (1.21,11.11) 5 98.3
Diarrhoea & 3.39 (213,5.36) 21 96.1
Affected Hearing > 3.08(1.66,563) 8 93.4
Sore Throat 1 4 2.82 (1.83, 4.31) 14 90.0
Tremors - 2.77 (069, 10.54) 5 97.8
Constipation > 2.71(1.09,661) 7 9.6
Limb Oedema > 2.68(097,717) 9 98.8
Fever 2.24 (0.52, 9.19) 13 98.5
Vomiting/Nausea (d 2.13 (117, 3.84) 16 95.8
Affected Urinary System > 2.09(0.72,594) 5 97.1
Investigation

>1 Abnomal CT Pattem/X-ray —— 4534 (35.34, 55.72) 13 95.8
Ground Glass Opacity —_—— 41.06 (25.65, 58.46) 10 97.3
Impaired Diffusion Capacity for Carbon Monoxide —— 31.68(25.84, 38.17) 13 90.3
Total lung capadity impairment <+ 2589 (8.86,5567) 6 98.4
Fibrotic Changes ——— 25.67(16.03, 38.46) 6 925
Impaired exercise capacity e 19.14 (1279, 27.66) 14 97.3
Reticular Pattem — 11.65 (6.69,19.52) 5 86.5
Reduced Forced Expiratory Volume in 1 second —.— 9.73 (547, 16.72) 12 95.6
Reduced Forced Vital Capadity —— 8.82 (4.71, 15.91) " 95.7
Reduced FEV1:FVC ———e 6.48(1.97,19.27) 6 96.4
Tachycarida —— 5.93 (1.88,17.18) 6 98.6
Consolidations 1o 1.78 (0.75, 4.15) 6 7.5
Impaired Kidney Function " 1.28 (0.46, 3.48) 6 92.1

| | |
0 20 40 60

Pooled prevalence (%)

Fig. 2: Prevalence of symptoms (ranked) in the hospitalised population. In total 46 symptoms and 12 investigations were reported. PTSD, Post-
traumatic stress disorder; FEV1:FVC, ratio of the forced expiratory volume in the first 1 s to the forced vital capacity of the lungs.

Covid in a general (i.e., non-specialist clinic or
vulnerable/at-risk population) population post-COVID-
19. This systematic review shows that at an average
follow-up time of 126 days, 45% of COVID-19 survivors,
regardless of hospitalisation status, go on to experience
at least one unresolved symptom. In addition, the
prevalence of ongoing symptoms appears to be higher
in posthospitalised cohorts compared to non-
hospitalised populations.

Fatigue, disturbed sleep, and breathlessness were
highly prevalent symptoms reported across hospitalised,
non-hospitalised, and mixed cohorts. Amongst the
hospitalised cohort, several clinical investigations

showed lasting changes in lung structure/function at
follow-up. Our updated findings correspond with pre-
vious research that reports Long Covid as a complex,
multifaceted condition involving a range of symptoms
affecting multiple systems.*”* Changes in pulmonary
function are similar to those observed following other
viral infections including SARS and MERS." Even when
excluding studies with less than 100 patients and those
in specialist populations, variability in estimated preva-
lence between studies remained high, particularly in the
non-hospitalised cohort. In addition to varying study
designs, different follow-up measurement tools and a
wide range of follow-up durations, observed
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Symptom Prevalence Number of
(95% Cl) studies |-Squared
Fatigue/Weakness —————— 34.82(17.60, 57.19) 12 99.2
At Least 1 Symptom at Follow-up —— 34.46 (21.86, 49.70) 11 99.8
Breathlessness (Dyspnea) —_—— 20.44 (13.85,29.11) 9 96.1
Muscles pain/Myalgia —_— 17.01(5.03,44.23) 9 99.5
Affected Sleep —_— 16.28(3.76, 45.38) 9 99.5
Smell —— 12.66 (9.51, 16.67) 5 70.5
Taste - 8.69(6.59,11.37) 5 50.0
Gastro-intestinal Symptoms —_—— 7.65(2.64,20.16) 6 97.9
Cough — 6.50(1.61,22.81) 9 99.1
Headache/Migraine —— 6.04(0.81,3364) 9 99.9
Nasal Symptoms —— 5.28(1.25,19.72) 5 97.9
Chest Pain/Tightness - 4.47 (2.46, 7.99) 8 87.0
Joint Pain - 4.11(1.58,1030) 5 97.2
Sore Throat —— 4.08(0.56,24.17) 5 98.7
T T T
0 20 40 60

Pooled prevalence (%)

Fig. 3: Prevalence of symptoms (ranked) in the non-hospitalised population. In total 14 symptoms were reported.

heterogeneity between studies may be explained by the
lack of standardised data collection tools, particularly in
studies of non-hospitalised populations. This empha-
sizes the need for tools to harmonise data collection,
such as the Symptom Burden Questionnaire™ which
comprehensively assesses a wide range of symptoms
highlighted by existing literature and co-production with
patients, researchers and clinicians.'" Without future
studies using tools to harmonise data collection, the
variability in estimated prevalence between studies is
likely to remain high making data difficult to interpret.
Future research should aim to map symptom classifi-
cations onto a core outcome set'” for Long Covid to help
harmonise findings. The reasons as to why so many
patients are experiencing Long Covid remains un-
known; proposed physiological mechanisms underpin-
ning the persistent symptoms include: organ damage,
inflammation, altered immune status and psychological
effects.’®

Meta-regression analyses of ‘one or more symptoms’
showed no association with age, sex, or average follow-
up time. Previous meta-analyses have reported the risk
of Long Covid is higher in females.”” Regional differ-
ences showed the pooled prevalence of Long Covid was
significantly higher in Europe compared to both North
America and Asia, whereas previously systematic re-
views have reported the highest prevalence in Asia."

Differences in the summary statistic (i.e., estimated
odds ratio/incidence etc), significant levels of heteroge-
neity across stratified meta-analyses, and exclusion of
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specialist clinics could be partly responsible for the
differences in geographical findings across reviews and
a lack of difference by sex in the present review. In
addition, this may reflect the poor specificity of ‘at least
symptom’ as a measure of Long Covid rather than ho-
mogeneity in Long Covid prevalence between men and
women. Symptoms such as headache and tiredness are
common in the general population at any given time,
irrespective of age, sex, etc. Long Covid is typically
characterised by relapsing and remitting symptoms,'*!
and so the use of a single symptom over a period of time
may be too crude an outcome for detecting group
differences.

This systematic review intended to assess the prev-
alence and symptomology of Long Covid among hos-
pitalised and non-hospitalised patients when stratified
by age, sex, ethnicity, and deprivation, as originally
outlined in the PROSPERO protocol. Unfortunately,
only 26% (50/194 studies) of included studies reported
ethnicity/race, none of which reported outcomes by
ethnic group, and indices of deprivation were not re-
ported in any of the included studies. This highlights
the need for future Long Covid research to report out-
comes by ethnicity (particularly given the dispropor-
tionate impact of acute COVID-19 on ethnic
minorities’”*’) and other-underserved groups or regions
(e.g. Africa). As well as heterogeneity in prevalence es-
timates between studies, there is considerable variance
within and between reported symptoms that will also
likely be a function of variable study design, follow-up
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Number of
Prevalence (95% Cl) studies I-Squared

Symptom

At Least 1 Symptom at Follow-up ——  37.80 (31.82, 44.18) 36 9.5
Fatigue/Weakness —— 25.24 (17.72, 34.62) 33 994
Breathlessness (Dyspnea) —_—— 18.22 (12.61, 25.60) 26 99.2
Impaired Usual Activity —_—— 17.37 (11.67, 25.07) 5 97.6
Taste —_———— 14.93 (6.72, 29.93) 9 974
Smell —_— 14.12 (4.87, 34.54) 14 99.5
Depression —_—— 13.29 (7.64, 22.14) 6 97.0
Muscles pairvMyalgia —— 12.75 (7.18, 21.63) 13 9.4
Joint Pain —_— 12.39 (7.19, 20.53) 8 98.0
Affected Sleep —_— 11.96 (6.92, 19.90) 12 99.5
Gastro-intestinal Symptoms —_—— 11.73 (5.79, 22.29) ¥ 97.1
Dizziness —— 11.20 (8.21, 15.10) 5 797
Anxiety —— 10.67 (4.87, 21.79) 7 98.5
Cough — 10.37 (7.22, 14.68) 25 98.9
Nasal Symptoms —_———— 9.92(2.76, 29.94) 8 99.7
Headache/Migraine —— 8.92(5.44, 14.30) 21 99.1
Palpitations - 8.84 (6.96, 11.15) 9 82.1
Hair Loss/Alopecia —— 8.60(5.67, 12.85) 7 93.9
Change in Appetite —— 7.28(4.17,12.40) 6 974
Chest Pain/Tightness —-— 6.35(4.21,9.47) 15 97.0
Affected Hearing —_————— 5.21(1.17,20.26) 5 99.8
Fever - 4.78(2.10, 10.50) 8 99.4
Vomiting/Nausea - 4.24(1.83,9.51) 9 974
Sore Throat - 4.08(1.71,9.46) 12 99.5
Diarrhoea - 4.00(1.79,8.72) 1 99.4
Abdominal Pain —--— 3.82(1.94,7.38) 8 98.9
Skin Changes/Goosebumps - 3.71(1.95, 6.98) 9 94.9
Chills > 2.12(1.10,4.07) 7 81.5
Investigation

>1 Abnormal CT Pattern/X-ray —_— 19.92 (9.23, 37.83) 6 95.7

| |

0

20 40

Pooled prevalence (%)

Fig. 4: Prevalence of symptoms (ranked) in the mixed (hospitalised and non-hospitalised) population. In total 28 symptoms and 1 investigation

were reported. CT, Computed tomography.

durations, and symptoms measurement methods
employed. For the general reader and the wider medical
community, it makes the reported prevalence estimates
hard to interpret without an appreciation and close
reading of the methodological complexity that charac-
terises current Long Covid research. As longer term-data
from larger well designed prospective cohort studies
become available, and population level routine data
sources are explored and improved,** a clearer picture
of the natural history and long-term sequelae after
COVID-19 may emerge.

There are a number of strengths to this review. First
it is the most comprehensive and contemporary review
to date, systematically synthesising the global evidence
on the prevalence and symptomology of Long Covid in a
general population. In addition, we adhered to key
guidelines on the development, conduct and reporting
of reviews (PRISMA) guidelines, and pre-registered the
review protocol on PROSPERO. There are however
several limitations to this review, and the studies it in-
cludes, that require highlighting. First, the symptom
data included in this review were collected from a wide

range of self-report tools, limiting the standardisation of
reporting. This may be related to the limited number of
symptom burden assessment tools available during the
early phases of the COVID-19 pandemic. Second, as
other reviews have noted,” there is no unified consensus
on the definition of Long Covid, in particular with time
components of continuing symptoms ranging from 4 to
12 weeks following infection onset.

We chose to include studies with a minimum follow-
up of 28 days, resulting in the synthesis of data collected
from a wide range of follow-up periods (>28 days—387
days). Third, only a small number of included studies
(22/194 studies) had control/comparator groups.
Without a control group, it is hard to make comparison
on the burden of Long Covid and symptom profiles
between SARS-CoV-2 test positive and test negative in-
dividuals, as some reported Long Covid symptoms are
non-specific and prevalent in the general population,
and some individuals may experience symptoms due to
comorbidities or due to broader impacts of the
pandemic. Fourth, while we excluded studies recruiting
from specific Long COVID-related clinics and aimed for
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Hospitalisation status Regression coefficient (95%Cl) p-value n
Age Hospitalised 0.52 (-0.11, 1.17) 0.102 34
Non-hospitalised 0.09 (-1.58, 1.75) 0.902 9
Mixed -0.49 (-1.22, 0.23) 0.170 24
% Male Hospitalised -0.58 (-1.34, 0.18) 0.132 37
Non-hospitalised -0.95 (-2.02, 0.13) 0.077 9
Mixed -0.33 (-0.98, 0.32) 0.308 30
Follow-up time Hospitalised 0.01 (-0.05, 0.07) 0.676 42
Non-hospitalised 0.03 (-0.21, 0.28) 0.679 5
Mixed -0.07 (-0.19, 0.05) 0.240 26
n, number of studies.
Table 1: Meta-regression analyses assessing the impact of study level characteristics on the estimated prevalence of ‘at least one symptom at follow-
up’ showed no association.

inclusive samples, it is possible that people with
persistent symptoms are more likely to respond to re-
quests for follow-up surveys or visits, which would tend
to overestimate the prevalence of Long COVID.

A further limitation of the evidence base within our
review is the geographical homogeneity of the included
studies. The majority of included data derive from
Europe (n = 106 studies, 55%), with <5 studies per
continent on Long Covid prevalence in Africa, Oceania,
and South America. There is a need for more work to
define the burden and long-term effects of COVID-19 in
regions with a high density of low and middle income
countries, such as Africa,® to ensure resources are
appropriately targeted and utilised, and culturally
appropriate intervention strategies are developed. As of
July 2022, over 12 billion vaccine doses have been
administered globally'; however, assessing the impact of
vaccination status on Long Covid prevalence was beyond
the scope of the current review. Future reviews should
seek to investigate the prevalence of Long Covid across
vaccination status and different variants of SARS-CoV-2.

This systematic review provides the most contem-
porary and comprehensive estimates on the prevalence
and long-term health effects of Long Covid among
hospitalised and non-hospitalised populations. It is
evident that a large proportion of patients (45% at an
average 126 days) are still experiencing a range of un-
resolved symptoms, with fatigue, disturbed sleep, and
breathlessness highly prevalent symptoms reported
across hospitalised, non-hospitalised, and mixed co-
horts. Due to the heterogeneity of included study de-
signs, populations, and methodology, our prevalence
estimates and identification of long-term health effects
should be interpreted with caution. Nevertheless, it is
clear that a large proportion of patients appear to expe-
rience unresolved symptoms, of which there are many,
with heterogeneity in number and severity experienced.

Moving forward, harmonisation of data collection
tools will be fundamental to improving the clinical
utility of findings from Long Covid systematic reviews.

www.thelancet.com Vol 55 January, 2023

It is clear that given the high prevalence of persistent
symptoms after 12 weeks (nearly 1 in 2 people) that
healthcare services and policy need to prioritise Long
Covid care, and in addition understand different sub-
types of Long Covid to permit stratified healthcare and
ensure services are not overwhelmed in future.
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