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SYSTEMATIC REVIEW :
A systematic review and meta-analysis of long term physical
and mental sequelae of COVID-19 pandemic: call for research
priority and action
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The long-term physical and mental sequelae of COVID-19 are a growing public health concern, yet there is considerable uncertainty
about their prevalence, persistence and predictors. We conducted a comprehensive, up-to-date meta-analysis of survivors’ health
consequences and sequelae for COVID-19. PubMed, Embase and the Cochrane Library were searched through Sep 30th, 2021.
Observational studies that reported the prevalence of sequelae of COVID-19 were included. Two reviewers independently
undertook the data extraction and quality assessment. Of the 36,625 records identified, a total of 151 studies were included
involving 1,285,407 participants from thirty-two countries. At least one sequelae symptom occurred in 50.1% (95% Cl 45.4-54.8) of
COVID-19 survivors for up to 12 months after infection. The most common investigation findings included abnormalities on lung CT
(56.9%, 95% Cl 46.2-67.3) and abnormal pulmonary function tests (45.6%, 95% Cl 36.3-55.0), followed by generalized symptoms,
such as fatigue (28.7%, 95% Cl 21.0-37.0), psychiatric symptoms (19.7%, 95% Cl 16.1-23.6) mainly depression (18.3%, 95% Cl
13.3-23.8) and PTSD (17.9%, 95% Cl 11.6-25.3), and neurological symptoms (18.7%, 95% Cl 16.2-21.4), such as cognitive deficits
(19.7%, 95% Cl 8.8-33.4) and memory impairment (17.5%, 95% Cl 8.1-29.6). Subgroup analysis showed that participants with a
higher risk of long-term sequelae were older, mostly male, living in a high-income country, with more severe status at acute
infection. Individuals with severe infection suffered more from PTSD, sleep disturbance, cognitive deficits, concentration
impairment, and gustatory dysfunction. Survivors with mild infection had high burden of anxiety and memory impairment after
recovery. Our findings suggest that after recovery from acute COVID-19, half of survivors still have a high burden of either physical
or mental sequelae up to at least 12 months. It is important to provide urgent and appropriate prevention and intervention
management to preclude persistent or emerging long-term sequelae and to promote the physical and psychiatric wellbeing of
COVID-19 survivors.
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INTRODUCTION Understanding the long-term health burden of COVID-19 is

Severe acute respiratory syndrome-2 (SARS-COV-2) is the novel
coronavirus causing the coronavirus disease 2019 (COVID-19)
pandemic [1]. By April 2022, COVID-19 had caused 488 million
confirmed cases and 6.1 million deaths globally. The clinical
features, pathogenesis, transmission, diagnosis, and complications
of patients with COVID-19 during the acute phase have been
comprehensively described [2, 3], however, survivors of acute
COVID-19 still risk long-term sequelae affecting multiple body

essential to allow timely identification and treatment of affected
patients and appropriate allocation of healthcare resources.
Investigations of longitudinal epidemiology and follow-up have
uncovered a large variety of long-term sequelae in survivors of the
COVID-19 pandemic [4-8]. Studies have reported that as many as
80% of patients discharged after hospitalization had at least one
symptom persisting 2-6 months after disease onset, including
fatigue, muscle weakness, and sleep difficulties, affecting body

organs systems, including the brain and nervous system. systems ranging from cardiopulmonary to psychiatric and
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neurological [4, 6, 9, 10]. Additionally, more than half of the
patients had abnormal lung computed tomography (CT) images
and impaired pulmonary function [4, 11, 12]. In the absence of
effective treatment, the persistence of these sequelae may cause
chronic or even permanent suffering in COVID-19 survivors,
negatively affecting their quality of life and delaying returning
to work for those who were at working age [13, 14].

Due to the novel nature of the COVID-19 pandemic, evidence of
long-term sequelae is still emerging. Considering that SARS-COV-2
is in the same beta-coronavirus clade as SARS-CoV-1 and MERS-
CoV, it is possible that some of the chronic problems encountered
by survivors of SARS and MERS may also apply to COVID-19
survivors. Previous studies show that SARS survivors were
identified to have markedly lower health status and exercise
capacity at 1 year after acute illness, and 24% still experienced
impaired lung diffusing capacity by that time [15]. A 15-year
follow-up study of SARS survivors indicated a 2-year recovery time
after rehabilitation for pulmonary interstitial damage and func-
tional decline to resolve [16]. Chronic physical illness has been
shown to increase the risk of developing psychiatric disorders,
therefore long-term sequelae in any body system may further
impact on survivors’ mental health. One study showed high levels
of psychiatric distress among MERS survivors even 12 months after
acute infection, with 42% of patients experiencing signs of post-
traumatic stress disorder (PTSD) and 27% experiencing depression
[17]. Based on these findings, we predict that the sequelae of the
COVID-19 pandemic are likely to remain a significant global
challenge in the months and years ahead.

Most studies of the sequelae of COVID-19 to date are
heterogeneous. Accordingly, there is uncertainty about the
relative prevalence of different symptoms and radiographic
findings, their longevity and the factors that predict them.
Although a recent meta-analysis estimated the prevalence of
long-term effects of COVID-19, it included only 15 studies with a
follow-up duration less than 4 months from infection and did not
identify influential factors correlated with health sequelae [18]. A
better understanding of the convalescent phase among COVID-19
survivors would help direct clinical care and tailor public health
strategies in the post-epidemic era. In this meta-analysis, we
aimed to (1) quantitatively estimate the pooled prevalence of
long-term sequelae overall, as well as those of specific organ
systems, in particular, neuropsychiatric symptoms; (2) to evaluate
whether patient characteristics and clinical factors have different
impacts on COVID-19 long-term sequelae; and (3) to explore the
biomarkers and mechanism of such sequelae. We systematically
review the current evidence of the long-term health conse-
quences of COVID-19 infection which, to our knowledge, is the
largest and most wide-ranging analysis of its kind to date. We
identify important emerging trends that can inform further
research and healthcare provision targeted at this urgent,
expanding health needs.

METHODS

We conducted this systematic review and meta-analysis in
accordance with the principles of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA, Supplemen-
tary Table S1) [19]. We registered the protocol of this study on the
PROSPERO platform (Registration Number: CRD42021228197).

Data sources and searches

We searched and updated the PubMed, Embase, and Cochrane
Library databases for studies published in English up to Sep 30th,
2021. The search strategy was developed by the senior authors
(Supplementary Appendix 1). Search terms included coronavirus
disease 2019, severe acute respiratory syndrome coronavirus 2,
COVID-19, SARS-COV-2, 2019-nCoV, and novel coronavirus in
conjunction with recovery, discharge, survival, and sequelae. The
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reference lists of original articles and reviews in the field were also
manually examined to identify additional studies. References were
managed with EndNote software version X9.3. Given that this field
is developing rapidly, we also searched the preprint server
medRxiv for studies published before Sep 30, 2021, with the
terms “COVID-19” and “sequelae” in the title or abstract.

Study selection. Articles were included if they met the following
criteria: (1) original research; (2) follow-up studies including
patients recovering from COVID-19; (3) reported at least one
symptom, relevant laboratory or examination result (such as lung
imaging, lung function tests or blood tests) of post-acute COVID-
19 or (4) provided raw data that allowed the calculation of the
estimates. We used 4 weeks after initial infection as a cut-off for
post/long-COVID syndrome [20]. In our study, 10 studies [21-30]
with follow up duration of 2-4 weeks from discharge from
hospitals were included, because of their average duration of
more than 4 weeks after onset of infection, considering an
average period in hospital of 22 days from illness onset [31]. The
exclusion criteria were as follows: (1) the study was a review article
or an abstract; (2) the study did not report the persistent
symptoms of COVID-19 during the recovery stage; (3) the study
was a case report based on a single patient.

The full texts of the identified articles were reviewed by two
authors (NZ and YMZ). Disagreements on the inclusion of articles
were resolved by consensus or involvement of a senior
expert (YPB).

Data extraction and quality assessment

Data were extracted using Excel software with respect to study
information (author, geographical location, publication year,
sample size, severity of participants during acute infection and
follow-up duration), population characteristics (mean age, male
proportion), and reported health sequelae of COVID-19. Objective
respiratory findings included CT abnormalities and abnormal
pulmonary function tests. Subjective respiratory symptoms
included dyspnea, cough, chest distress, chest pain, sputum, sore
throat, and pharyngeal symptoms. Generalized symptoms
included fatigue, sweat, joint pain, fever, myalgia, functional
decline, moving difficulty, body aches, weight loss, and chills.
Psychiatric sequelae included anxiety, mood disorder, depression,
post-traumatic stress disorder (PTSD), sleep disturbance, stress,
obsessive thinking, irritability, suicidality, behavior changes,
hallucinations and neurological sequelae including cognitive
deficit, headache, olfactory dysfunction, gustatory dysfunction,
dementia, memory impairment, concentration impairment, visual
disturbances, parasthesia, confusion, hearing loss, tremor, verbal
problems, and dizziness. Objective Cardiovascular findings as well
as subjective cardiovascular symptoms of palpitation, sinus
bradycardia, hypertension, arrythmia or palpitations and angina
pectoris. Digestive symptoms included gastrointestinal symptoms,
nausea, abdominal pain, swallowing problems and diarrhea. Hair
loss, pruritus and pash skin conditions were also reported. Nucleic
re-positive and hospital readmission rates were included. Symp-
toms reported by more than 5 studies are shown in Fig. 2, while
those reported by fewer than five studies are listed in
the supplementary file. Four investigators (NZ, YMZ, CL, and
QDL) extracted data independently.

The risk of bias of the included studies was assessed by the
criteria of the Newcastle-Ottawa quality assessment scale. Based
on the NOS criteria, we assigned a maximum of four stars for
selection bias, two stars for comparability evaluation, and three
stars for exposure and outcome assessment. Studies with fewer
than five stars were considered low quality; five to seven stars,
moderate quality; and more than seven stars, high quality. Four
investigators (NZ, YMZ, CL, and QDL) independently appraised
each item of the scale. Disagreements were settled by joint review
with an experienced methodologist (YPB).
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Data synthesis and analysis

Meta-analysis was performed to estimate the pooled prevalence of
each sequelae among COVID-19 survivors after discharge from the
hospital. The main affected systems included the respiratory,
generalized, psychiatric, neurological, cardiovascular, dermatological,
and digestive systems. The prevalence of any symptom within a
specific organ system was estimated by pooling the most common
symptoms related to that system, reported in one study. The I? index
was calculated to assess the between-study heterogeneity, and the
Cochrane Q-test was used to determine statistical significance. An I
value >50% or a chi-square p value <0.05 was considered substantial
heterogeneity. Pooled rates with 95% confidence intervals (95% Cls)
were calculated using the random-effect model if heterogeneity
existed; otherwise, the fixed-effect model was used.

Subgroup analyses and meta-regression on the estimated
prevalence of any symptom in each system were performed by
stratification with mean age of study participants, the male
proportion of the studies, the follow up duration, the severity of
acute infection of COVID-19 (community patients, mild or
moderate hospitalized patients and hospitalized patients who
were admitted to intensive care) and whether study was
conducted in high-income country or middle- or low-income
country by World Bank income groups [32]. Funnel plots and
Egger’s test were used to assess the presence of any publication
biases. All analyses were performed with R Software (version 4.0.3).

RESULTS
Characteristics of included studies
The search strategy yielded a total of 36,625 articles, with 19,272
from EMBASE, 14,622 from PubMed, 2158 from Cochrane Library
and 573 from medRxiv. After the removal of duplicates, the titles
and abstracts of 28,206 records were screened. A total of 349 were
assessed for eligibility by full-text review, and 198 did not meet the
inclusion criteria and were therefore excluded. Finally, 151 eligible
studies involving 1,285,407 participants were included (Fig. 1).
The characteristics of the included studies and their correspond-
ing quality scores are reported in Supplementary Table S2. These
studies covered 32 countries (35 in China, 23 in the USA, 21 in Italy,
12 in Spain, 9 in the UK, 4 in France, 4 in Germany, 4 in India, 3 in
Norway, 3 in Belgium, 3 in the Netherlands, 3 in Switzerland, 3 in
Sweden, 2 in Austria, 2 in Bangladesh, 2 in Iran, 2 in Mexico, one
each for Australia, Brazil, Canada, Croatia, Egypt, Finland, Ireland,
Japan, Nigeria, South Korea, Thailand, The Republic of North
Macedonia, Russia, Turkey, United Arab Emirates and a multi-
national study). Most studies were prospective (n=110), 21 were
cross-sectional and 20 were retrospective. Overall, across the
151 studies, the long-term effects of COVID-19 on seven organ
systems and 102 specific symptoms were included in this meta-
analysis. Findings related to the respiratory system (90, 59.6%) were
most commonly reported, including lung CT abnormalities (n = 23),
pulmonary function tests (n = 15) or subjective respiratory symp-
toms (n =75). This was followed by studies reporting generalized
symptoms (n =76, 50.3%), neurological effects (n=68, 45.0%),
psychiatric symptoms (n = 59, 39.1%), digestive symptoms (n = 40,
26.5%), cardiovascular symptoms (n = 30, 19.9%) and dermatologi-
cal symptoms (n = 18, 11.9%). Fourteen (9.3%) studies reported the
prevalence of cases who retested positive for COVID-19. Seventeen
studies identified patients with varying severity of infection,
involving 1026 community patients, 3114 mild or moderate
hospitalized cases and 605 severe hospitalized cases. The follow-
up duration was up to 12 months after discharge from the hospital.

Long-term sequelae by organ systems and specific symptoms
among recovered survivors

The pooled prevalence of system sequelae. Figure 2 summarizes
the pooled estimates of overall and specific symptoms in multiple
organ systems in COVID-19 survivors after recovery. A total of
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50.1% (95% Cl 45.4-54.8, from thirty-seven studies, 659,454
participants) of participants were estimated to have at least one
self-reported symptom up to the 12-month follow-up.

Of all organ systems, the respiratory system was most
commonly affected with an estimated 55.6% (95% Cl 46.8-64.2)
of patients experiencing abnormalities in any objective examina-
tion results based on 32 studies (6292 participants), including
either abnormalities on lung CT (56.9%, 95% Cl 46.2-67.3) or
abnormal pulmonary function testing (45.6%, 95% Cl 36.3-55.0).
Self-reported respiratory symptoms from 75 studies (550,319
participants) were estimated to be present in 25.7% of patients
(95% ClI 21.4-30.2). Generalized symptoms were also prevalent
(28.7%, 95% Cl 21.0-37.0) in 76 studies (502,540 participants),
including 28.3% (95% Cl 23.9-32.9) of survivors reporting fatigue.
Psychiatric symptoms were frequently reported, with a pooled
prevalence estimated to be 19.7% (95% Cl 16.1-23.6) by pooling
59 studies (737,901 participants). Neurological symptoms still
affected a considerable proportion of patients (18.7%, 95% Cl
16.2-21.4) based on 68 studies (738,430 participants). Cardiovas-
cular symptoms, digestive symptoms and dermatological symp-
toms were estimated to affect 14.8% (95% Cl 10.0-20.3), 9.6%
(95% Cl 6.7-13.0) and 10.2% (95% Cl 6.6-14.6) of survivors up to
12 months post-discharge from the hospital, respectively. The
prevalence of patients re-testing positive by SARS-COV-2 nucleic
acid PCR after a period of negative testing was estimated to be
9.9% (95% Cl 6.1-14.4), although whether this represents true
reinfection is unclear. The prevalence of readmission to the
hospital was estimated to be 13.6% (95% Cl 7.3-21.5). Other
specific sequelae in COVID-19 survivors are shown in Fig. 2 and
Supplementary Figs S1-513.

Effect of clinical characteristics and demographic factors on system
symptoms. We conducted subgroup analyses for follow-up
duration in longitudinal studies, the severity of acute infection,
mean age, proportion of male participants, and income level
(Fig. 3, and Supplementary Figs S14-520). We found that longer
follow-up duration was associated with lower reported prevalence
of sequelae (Fig. 3A). The temporal trend in symptom sequelae
showed that the proportion of patients with at least one sequelae
symptom decreased from 56.0% (at 1-3 months) to 48.7% (at
3-6 months) and 37.8% (at 6-12 months). The prevalence of
sequelae in each specific organ system increased according to the
severity of the acute infection, from the lowest prevalence in
community cases to the highest prevalence among those who
were hospitalized as severely or critically ill patients (Fig. 3B).
Subgroup analyses showed that elderly and male participants
were at increased risk of reporting any symptoms (Fig. 3C, D). For
the specific organ systems, elderly participants were at signifi-
cantly increased risk of abnormal pulmonary function tests,
whereas younger and male participants reported a significant
higher prevalence of cardiovascular symptoms. In addition,
COVID-19 survivors who lived in a high-income country had an
increased risk of respiratory symptoms, generalized symptoms,
and neurological symptoms (Fig. 3E).

Long-term neuropsychiatric symptoms among recovered
survivors

The pooled prevalence of neuropsychiatric symptoms. Psychiatric
problems and neurological symptoms were most reported after
respiratory and generalized symptoms. We specifically estimated
the pooled prevalence of each sequela of neuropsychiatric
symptoms (Fig. 2). Psychiatric symptoms among recovered
survivors were reported as, 183% (95% Cl 13.3-23.8) for
depression, 17.9% (95% Cl 11.6-25.3) for PTSD, 16.2% (95% Cl
12.0-20.8) for anxiety and 13.5% (95% Cl 8.7-19.2) for sleep
disturbance. Reports of mild/moderate anxiety (41.2%, 95% Cl
7.5-80.6) were significantly more common than severe/very
severe anxiety (6.0%, 95% ClI 1.7-12.6%) (P=0.04). For
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Preliminary search (n=36625)

EmBase: n=19272
PubMed: n=14622
8 Cochrane Library : n=2158
'§ medRxiv: n=573
=
=
(5]
=)
- Records after duplicates removed
(Duplicates=8419)
)
g
c .
[} 28206 records for title and
g abstract review
) . )
Exclusion reasons
Not relevant studies (n=9298)
Treatment trial or epidemiology
study (n=3562)
COVID-19 guideline (n=1195)
COVID-19 complication in acute
phase (n=5499)
Immune or vaccine study (n=1261)
Study on health policy (=1428)
Animal study or mechanism study
(n=1122)
> Abstracts for conference (n=121)
% Review, comments or letter (n=1887)
= Case reports (n=2484
S Y (Case reports ( ) )
349 records for further review of
full-text
-
chlusion reasons )
Not available sequelae outcomes
) (n=116)
— Outcomes provided were not in
recovery phase (n=19)
8 Review, conference abstract, editorial
'g or comment (n=34)
<_é v Gase reports (n=29) )
Records eligible for analysis
\ ) (n=151)

Fig. 1 Flow chart of study selection.

neurological symptoms, cognitive deficits (19.7%, 95% Cl
8.8-33.4), memory impairment (17.5%, 95% Cl 8.6-29.6) and loss
of taste or smell (15.7%, 95% Cl 6.6-27.8) were most commonly
reported.

Effect of clinical characteristics and demographic factors on
neuropsychiatric symptoms. We did subgroup analysis to exam-
ine the longitudinal resolution of neuropsychiatric symptoms
(Fig. 4, Supplementary Fig. S16), neurological symptom decreased
from 22.0% (95% Cl 17.1-27.3, at <3 months), and 22.5% (95% ClI
13.4-33.0, at 3-6 months) to 158% (95% Cl 13.4-184, at
6-12 months) (P = 0.04). Survivors reported declining psychiatric
symptoms of 23.6% (95% Cl 16.1-32.0, at <3 months), 20.1% (95%
Cl 11.2-30.8, at 3-6 months) and 18.0% (95% Cl 12.5-24.3, at
6—12 months), although there was no significant difference across
these time-points. Symptom of PTSD, however, was found to
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significantly resolve over the time, from 23.1% (95% Cl 10.9-37.9)
at <3 months, to 16.2% (95% Cl 9.7-24.0) at 3-6 months and 7.4%
(95% ClI 4.3-11.2) at 6-12 months (p < 0.01). Specifically, the most
prevalent psychiatric outcomes at 6-12 months after initial
infection were anxiety (15.4%, 95% Cl 8.0-24.6), depression
(12.4%, 95% Cl 5.8-21.1) and sleep disturbance (12.3%, 95% ClI
4.8-22.6). For neurological symptoms, cognitive deficits (22.2%,
95% Cl 19.6-25.0), dizziness (19.5%, 95% Cl 0.5-55.1) and loss of
taste or smell (17.1%, 95% Cl 4.9-34.6%) were most prevalent at
the 6-12 month time-point.

Subgroup analysis for the severity of the acute infection were
conducted (Fig. 4). The prevalence of sequelae in specific
neuropsychiatric symptom including any psychiatric symptoms
and sleep disturbance increased according to the severity of the
acute infection, from the lowest prevalence in asymptomatic
community subjects to the highest prevalence among those who
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Symtoms No. of No. of Prevalence Iz(%) P value
studies participants (95% CI)
Any of the symptoms 37 659454 50.1 (45.4,54.8) —-— 100.0 <0.01
Any of objective respiratory findings 32 6292 55.6 (46.8,64.2) — 97.0 <0.01
CT abnormal manifestations
Abnormal CT manifestations 12 1589 67.3(55.7,77.9) —_— 95.0 <0.01
CT with GGO 13 1682 40.8 (29.6,52.5) — 95.0 <0.01
CT fibrosis 6 635 38.9(26.8,51.7) — 90.0 <0.01
Interlobular septal thickening 7 640 36.9 (8.0,72.1) _— 98.0 <0.02
Bronchiectasis 5 474 27.2(5.4,57.1) e — 98.0 <0.04
Reticular pattern 6 581 24.6(9.5,43.8) e 96.0 <0.05
Estimation of any symptoms 23 2780 56.9 (46.2,67.3) — 97.0 <0.01
Pulmonary function tests
Abnormal pulmonary function tests 7 3177 45.7 (29.1,62.8) L E— 95.0 <0.01
DLCO<80% 13 1601 42.3(33.3,51.5) — 92.0 <0.01
FEV1<80% of predicted 9 1163 10.8 (6.3,16.4) - 86.0 <0.01
FVC<80% of predicted 8 1087 10.4 (4.4,18.4) —— 92.0 <0.01
FEVI/FVC<70% 8 1053 9.5(5.1,15.1) - 85.0 <0.01
Estimation of any symptoms 15 4478 45.6 (36.3,55.0) — 91-0 <0.01
Generalized symptoms
Fatigue 69 53315 28.3(23.9.32.9) —-— 99.0 <0.01
Joint pain 18 35841 11.0 (6.4,16.5) —-— 99.0 <0.01
Body aches 6 27481 10.9 (0.1,34.3) — 100.0 <0.01
Myalgia 33 491152 8.2(4.6,12.7) - 100.0 <0.01
Fever 24 7043 7.5(3.0,13.7) = 98.0 <0.01
Chill 5 1951 2.3(0.6,4.8) - 88.0 <0.01
Estimation of any symptoms 76 502540 28.7 (21.0, 37.0) —— 100.0 <0.01
Subjective respiratory symptoms
Any repiratory symptoms 7 53880 18.5(7.7,32.6) — 100.0 <0.01
Dyspnea 67 499064 24.0(20.1,28.2) - 100.0 <0.01
Cough 50 19601 13.3(10.0,17.0) - 98.0 <0.01
Chest distress 12 4107 10.7 (6.5,15.8) - 95.0 <0.01
Chest pain 29 14067 10.1(7.1,13.6) - 97.0 <0.01
Rhinorrhea 9 4423 7.4 (4.1,11.4) - 95.0 <0.01
Sputum 9 2906 7.1(2.4,14.0) — 97.0 <0.01
Sore throat 14 8000 4.4(22,74) - 97.0 <0.01
Estimation of any symptoms 75 550319 25.7(21.4,30.2) . 100.0 <0.01
Psychiatric symptoms
Reported any psychiatric symptoms 12 243429 15.5(7.5,25.6) — 100.0 <0.01
Depression 30 484106 18.3(13.3.23.8) — 100.0 <0.01
PTSD 13 3014 17.9(11.6,25.3) — 95.0 <0.01
Anxiety 32 721541 16.2 (12.0,20.8) - 100.0 <0.01
Sleep disturbance 34 731679 13.5(8.7,19.2) — 100.0 <0.01
Estimation of any symptoms 59 737901 19.7 (16.1, 23.6) - 100.0 <0.01
Neurological symptoms
Any neurological disorder 15 8953 24.3(15.2,34.7) — 98.0 <0.01
Cognitive deficits 8 2256 19.7(8.8,33.4) — 97.0 <0.01
Memory impairment 13 7322 17.5 (8.1,29.6) — 99.0 <0.01
Loss of taste or smell 16 456800 15.7 (6.6,27.8) — 100.0 <0.01
Olfactory alteration 34 15251 15.1(9.8,21.4) — 99.0 <0.01
Concentration impairment 10 6977 12.6 (5.9,21.3) — 99.0 <0.01
Headache 38 44066 11.5(7.8,15.7) - 99.0 <0.01
Gustatory dysfunctions 25 12377 10.6 (6.5,16.4) - 99.0 <0.01
Dizziness 15 7427 9.7 (2.8,19.6) —_ 98.0 <0.01
Visual disturbances 5 3376 4.7(2.2,7.9) - 85.0 <0.01
Estimation of any symptoms 68 738430 18.7 (16.2,21.4) - 100.0 <0.01
Cardiovascular symptoms
Any cardiovascular symptoms 9 5408 30.8(19.2,43.7) — 99.0 <0.01
Palpitation 16 9366 9.9 (6.4,14.1) - 97.0 <0.01
Estimation of any symptoms 30 15424 14.8 (10.0,20.3) —.— 100.0 <0.01
Dermatological symptoms
Hair loss 13 8471 8.4(4.2,13.8) - 98.0 <0.01
Pash skin conditions 6 5560 4.6 (1.5,9.2) - 97.0 <0.01
Estimation of any symptoms 18 11712 10.2 (6.6,14.6) - 98.0 <0.01
Digestive symptoms
Any digestive symptoms 7 5540 12.7(7.2,19.5) — 97.0 <0.01
Gastrointestinal symptoms 7 2202 16.5 (7.0,29.1) — 98.0 <0.01
Diarrhea 22 12033 5.8(3.9.8.1) - 95.0 <0.01
Abdominal pain 7 7964 4.4 (2.7,6.5) - 93.0 <0.01
Nausea 8 3060 3.8(1.6,6.8) - 91.0 <0.01
Estimation of any symptoms 40 48688 9.6 (6.7,13.0) - 99-0 <0.01
COVID-19 repositive
Repositive rate 14 2517 9.9(6.1,14.4) - 89.0 <0.01
Readmission rate 7 263772 13.6 (7.3,21.5) — 100.0 <0.01

0.0 0.2 0.4 0.6 08

*Symptoms reported by more than 5 studies are shown.

Fig. 2 The pooled prevalence of sequelae by organ system and specific symptoms of COVID-19. (Symptoms reported by more than five
studies are shown in Fig. 2). In total, 50.1% of patients were estimated to have at least one symptom at follow-up, and the objectively
examined respiratory system was most commonly affected, followed by generalized symptoms, subjective respiratory symptoms, psychiatric
symptoms, and the neurological system. The prevalence of patients re-testing positive by SARS-COV-2SARS-COV-2 nucleic acid PCR and
readmission to the hospital were estimated to be 9.9% and 13.6%, respectively.
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Fig. 3 Subgroup analysis of sequelae of COVID-19 by mean age, sex proportion, region of studies, severity of disease and follow-up
duration. NS No. of studies, NP No. of participants. COVID-19 survivors of senior age, male sex, living in a high-income country, had a more
severe health statuses at acute infection and within 6 months since recovery appeared to have higher prevalence of long-term sequelae than
their contrast groups; A Subgroup analysis among different follow-up duration; B Subgroup analysis among asymptomatic participants in the
community, mild/moderate patients and severe patients in hospital; C Subgroup analysis by mean age of participants; D Subgroup analysis by
sex proportion of studies; E Subgroup analysis between high-income country and middle or low-income country.

were hospitalized as severely or critically ill patients. Sleep
disturbance was more commonly found in severely or critically
ill subjects (21.8%, 95% Cl 6.6-42.2) compared to those with
hospitalized with mild or moderate acute illness (10.9%, 95% Cl
1.6-26.4), and asymptomatic or community-based patients (0.7%,
95% Cl 0.09-1.8) (p < 0.01). In contrast, anxiety was more frequent
in asymptomatic or community-based patients (28.5%, 95% ClI
23.9-33.3), compared to those mildly or moderately unwell
hospitalized patients (20.7%, 95% Cl 9.4-34.8) and severely or
critically ill patients (12.9%, 95% Cl 7.3-19.6) (p <0.01). Notably,
mild cases who were not hospitalized experienced a wide variety
of neuropsychiatric symptoms months after recovery. Among the
mild cases, the most common outcomes were memory impair-
ment (37.5%, 95% Cl 28.1-47.5), anxiety (28.5%, 95% Cl 23.9-33.3)
and depression (14.7%, 95% Cl 2.2-35.0). (Fig. 4, Supplementary
Fig. 520).

Subgroup analyses were further performed regarding the mean
age, proportion of male participants and income level regarding
neuropsychiatric symptoms, (Fig. 4, Supplementary Fig. S16-520).
Older people suffered more from dizziness (age =60 years: 73.7%,
95% Cl 64.3-82.1 vs. age <60: 6.8%, 95% Cl 2.2-13.5, p<0.01),
whereas younger adults are at higher risk of olfactory dysfunction
(age <60: 17.4%, 95% Cl 10.7-25.3 vs. age =60: 8.4%, 95% Cl
4.5-13.3, p = 0.04). A higher proportion of male participants had a
significant effect on the prevalence of PTSD (male proportion >
50%: 20.5, 95% Cl 12.4-30.0 vs. male proportion < 50%: 10.6, 95%
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Cl 6.4-157, p=0.04) and concentration impairment (male
proportion = 50%: 30.6, 95% Cl 27.0-34.4 vs. male proportion <
50%: 8.9, 95% Cl 29-17.6, p<0.01). In addition, COVID-19
survivors who lived in a high-income country had an increased
risk of, concentration impairment (high-income country: 15.3, 95%
Cl 7.3-25.5 vs. middle- or low-income country: 1.0, 95% Cl 0.7-1.4,
p <0.01), dizziness (high-income country: 18.1, 95% Cl 4.0-39.3 vs.
middle- or low-income country: 2.5, 95% Cl 1.1-4.2, p = 0.03) and
gustatory dysfunction (high-income country: 13.1, 95% Cl 8.1-19.1
vs. middle- or low-income country: 3.2, 95% Cl 1.3-5.7, p <0.01),
whereas cognitive deficits were more found in middle- or low-
income country (high-income country: 14.3, 95% Cl 4.2-28.8 vs.
middle- or low-income country: 38.4, 95% Cl 31.8-45.1, p < 0.01).

Predictive risk factors and biomarkers

To help clinicians efficiently identify survivors most at risk of long-
term sequelae, we summarized the evidence of potential
predictive risk factors and biomarkers in Fig. 5 and Supplementary
Table S3. Potential risk factors that were identified were
categorized into three groups: pre-iliness, during acute illness
and during the convalescent stage. In terms of pre-illness factors,
individuals who were older [4, 33], male [5, 34] and had pre-
existing conditions such as pulmonary disease (particularly COPD)
[5, 34], those with a history of psychiatric illness [35], and cigarette
smokers [4, 5] had a significantly higher risk of medium- or long-
term COVID-19 sequelae. During the acute illness stage, those who
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Fig. 4 The pooled prevalence of neuropsychiatric sequelae and subgroup analysis. 83 studies investigated neuropsychiatric symptoms,
prevalence of the specific symptoms were as follows: 19.7% for any psychiatric iliness, 18.3% for depression, 17.9% for PTSD, 16.2% for anxiety
and 13.5% for sleep disturbance in psychiatric symptoms and 18.7% for any neurological symptoms, 19.7% for cognitive deficits, 17.5% for
memory impairment, and 15.7% for loss of taste or smell in neurological symptoms. Patients were found to exhibit neuropsychiatric
symptoms even 6 months after infection and mild patients who were not hospitalized were also presented with neuropsychiatric syndromes.

suffered from severe COVID-19 illness (admitted to the ICU or
requiring mechanical ventilation) [4, 5, 36, 37], required longer
hospital stays [38-41] and those with abnormal objective test
results (higher peak CT pneumonia score [33], higher level of CRP
[5, 33, 34], elevated white blood cell count [37, 42], lower albumin
[33], higher level of D-dimer [33], higher level of glucose [33] or
higher level of ALT [37, 42]) were at greater risk of long-term
sequelae. SARS-COV-2-associated cytokines, including interleukin
(IL)-6, IL-1b, tumor necrosis factor (TNF), and IL-17, which are
known to disrupt the blood-brain barrier and could facilitate the
entry of the virus and consequent brain damage, were associated
with persistent neurological symptoms [43]. After discharge from
the hospital, survivors who had no access to oxygen supplemen-
tation or those with abnormal objective test results (abnormal
pulmonary function, especially DLCO [38, 44], decreasing D-dimer
[12], or abnormal cardiac magnetic resonance (CMR) findings [45])
were also at higher risk of experiencing long-term effects of
COVID-19. Furthermore, patients who report living with children
[36] and perceived stigma [36] involving verbal abuse and
rejection from family, relatives, neighbors, and community were
also at increased risk.

Quality control and publication bias

According to the quality assessment criteria, twelve studies (7.9%)
were graded as high quality, 124 (82.2%) as medium quality, and
15 (9.9%) as low quality (Supplementary Table S2). Meta-
regression found no effect of study quality on the estimation of
sequelae prevalence.

We observed an effect of small study size when estimating the
prevalence of abnormal pulmonary function tests, generalized
symptoms, and respiratory and neurological sequelae across
studies (Egger’s test: p <0.001, Supplementary Table S4) but not
that of other organ systems (Egger’s test: p > 0.05) and funnel plot
(Supplementary Fig. 21). Applying the leave-one-out sensitivity
analysis did not significantly alter the pooled estimates of the
prevalence of sequelae, indicating that no individual study
significantly influenced the results (Supplementary Fig. S22).
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DISCUSSION

This study is, to our knowledge, the largest and most wide-ranging
systematic review and meta-analysis to date, comprehensively
summarizing current evidence on the long-term physical and
mental sequelae of COVID-19 in the convalescent phase. Our
results found that approximately half of survivors had multiple
organ sequelae after discharge from the hospital and within up to
12 months of follow-up. Unsurprisingly, the most common
sequelae involved the respiratory system, followed by generalized
symptoms, psychiatric symptoms, and neurological symptoms,
which were also of similarly high prevalence. Additionally, our
study is also the first to perform subgroup analyses and found that
the prevalence and burden of long-term physical and mental
sequelae among COVID-19 survivors increased with older age,
higher male proportion, living in a high-income country, severity
in acute infection, and decreased with the extension of follow-up
time. Prospective cohort studies with large sample sizes that aim
to further characterize the long-term sequelae of COVID-19 are
needed, especially in lower-income countries. Future studies with
large sample sizes, long-term follow-up and exploring biomarkers
and underlying pathological mechanisms will be addressed to
better understand, prevent and heal physical conditions and
mental well-being.

Respiratory abnormalities remain a key issue in survivors of
COVID-19. Although only a quarter of survivors reported
respiratory symptoms, including dyspnea, cough and chest
distress, more than 50% of survivors displayed objective persistent
impairment on lung CT scans and pulmonary function tests.
Furthermore, previous studies have reported that lower lympho-
cytes and asthma during hospitalization were associated with the
presence of long-term subjective respiratory symptoms [40, 42].
This finding indicates that it is necessary to carry out CT scans and
pulmonary function tests during follow-up of COVID-19 in the
convalescent phase. Given that the potential risk of pulmonary
injury may last months to years [46], further research is required to
confirm the risk factors and mechanism for respiratory sequelae
and to identify treatments that prevent pulmonary fibrosis in
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Fig.5 Framework of long-term sequelae, risk factors, and prevention and intervention strategies for long COVID-19. Potential risk facotrs
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oxygen supplementation, abnormal objective tests during follow up and perception of stigma from community.

survivors of COVID-19 [47]. Our study also reported significant
cardiovascular sequelae associated with SARS-COV-2 infection,
with 14.8% of survivors reporting cardiovascular symptoms and
palpitation being the most common symptoms. Unlike previous
studies that indicate an association between cardiovascular injury
and fatal cases among SARS and MERS patients [31, 48, 49], some
studies found that cardiac conditions are mostly mild in COVID-19
survivors [40, 50]. Our study demonstrated that 28.3% of patients
experienced lasting fatigue after recovering from their acute
iliness, which is similar to previous findings in SARS patients,
approximately one-third of whom reported persistent fatigue
within the follow-up period of 18 to 40 months post-infection
[17, 51]. A lengthy post-disease fatigue will not only impair the
quality of life of individuals but also have adverse impacts on
employers and governments; thus, multidisciplinary input to
manage fatigue should be of particular concern.

COVID-19 is also anticipated to take a toll on the mental and
neuropsychiatric health of survivors in the long term [43].
Approximately one-fifth of COVID-19 survivors in this review
demonstrate psychiatric symptoms during the 12 months after
recovery. These estimates are similar to those in survivors of SARS
and MERS, in whom psychiatric illness may linger beyond
6 months [17, 51, 52]. Neuroinflammation induced by SARS-
COV-2 infection and reduction of neurotransmitters related to
interferon- or IL-based immunotherapy may correlate with a
prolonged psychiatric syndrome. In addition, studies demon-
strated that increased public restrictions, stressful medical care in
hospital, concerns about infecting others as well as stigma
may have considerable impacts on the mental health of survivors
[53-55]. Depression following pandemics is a most significant
public health concern. Our study reported a long-term prevalence
of 18.3%, and another study concerning COVID-19 suggested an
overall depression prevalence of 27.9% [53]. It is also important to
note that even mildly affected patients who didn’t require to
hospital can exhibit a high prevalence of long term psychiatric
symptoms, including anxiety and depression.
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In our study, neurological consequences were also identified,
with an estimated prevalence of 11.4%. Memory impairment,
cognitive deficits and loss of taste or smell were the predominant
symptoms in this system. Among them, 15.1% and 10.6% of
patients experience persistent olfactory and gustatory dysfunc-
tion, respectively, after recovery, which are highly specific to
COVID-19 infection. Such neurological deficits may be due to brain
damage caused by neuroinflammation and hypoxic injury in
relation to viral invasion [56, 57]. A study investigated brain image
changes in the UK Biobank participants and found significant
longitudinal reduction in gray matter thickness among COVID-19
survivors. Studies indicated that alterations of olfactory and
memory function may predict long term consequence such as
Alzheimer’s disease or other forms of dementia [58, 59]. More
efforts aimed to elucidate the mechanisms of and develop early
screening and interventions for the psychiatric and neurological
sequelae of COVID-19 need to be addressed. One such study is the
long-term database and biobank launched in the United States to
collect information about neurological problems specifically
associated with COVID-19 [60].

Since the medical community has begun to recognize those
affected by long-term COVID-19 sequelae [7], we summarize the
relevant factors in the included articles to identify the potential
predictive biomarkers for different sequelae. First, people who are
male [34], with pre-existing pulmonary disease [34], and severe
acute disease during hospitalization with COVID-19 [4, 34], who do
not receive oxygen treatment during follow-up [12] and have
decreasing D-dimer levels [12] are at higher risk of having any
sequelae after discharge from the hospital. Patients who are older,
have a longer incubation period, higher peak CT pneumonia score,
abnormal biomarkers (lower albumin level [33], higher urea
nitrogen level [33], higher serum sodium concentration [33],
higher glucose [33], higher CRP [33], higher D-dimer [33]), longer
hospital stay length [38, 39], treated with oxygen during
hospitalization [38], and with abnormal pulmonary function
detected during follow-up tend to have long-term abnormal CT
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manifestations. Female patients [4, 38] with chronic kidney disease
[5], smoking history or COPD history [5, 36], who have been
admitted to the ICU or have severe COVID-19 [4, 5] in the hospital,
would be at higher risk of long-term abnormal pulmonary
function. In addition, female patients with older age [4] who have
abnormal biomarkers during hospitalization, including higher AST
[42], ALT [42] and serum troponin-l [42], or detected with
abnormal pulmonary function tests [38, 44] during follow-up, are
more likely to have persistent generalized symptoms such as
fatigue. Meta-regression analyses based on age, male proportion,
and follow-up duration as continuous variables were also
performed, and the results supported these findings of the
subgroup analyses (Supplementary Table S5). Patients with a
history of pulse =90 beats per min during hospitalization [40], had
symptoms of dyspnea [40] and had lower lymphocytes [42] during
hospitalization, and those who had high-sensitivity troponin T
markers [45] and abnormal CMR findings [45] tended to be
vulnerable to cardiovascular-related sequelae.

Some factors increased the risk of long-term psychiatric and
neurological problems among COVID-19 survivors, including
patients who suffer from a history of psychiatric illness or
pulmonary disease [5, 35, 61], who have severe acute COVID-19
[4, 62], who are not treated with corticosteroids in the hospital
[36], who live with children [36], and who perceive discrimination
after discharge [36]. In addition, sleep disturbance, anxiety and
depression were most commonly found in female patients,
whereas PTSD was more common in male patients [4, 5, 63].
Previous studies suggested that quarantine and delays in
returning to work were also associated with worse mental health
outcomes among infected individuals during the COVID-19
outbreak [14, 53]. For digestive sequelae, the most influential
factors included elevation of certain biomarkers (CD4, CRP, ALT,
white blood cells, lymphocytes and procalcitonin) and treatments
with corticosteroids and PPIs [37]. Although predictive factors and
biomarkers have been proposed in some follow-up studies, further
prospective studies that systematically correlate risk factors with
clinical outcomes should be established. To address these key
questions, updated results from ongoing, prospective, longitudinal
studies involving interdisciplinary and multinational researchers
are eagerly awaited [47, 64].

The findings from this study should be interpreted with caution
in the context of its limitations. A weakness of the currently
available data, and therefore of this review, was the high
heterogeneity between studies, with most I-squared estimates
>50%. The heterogeneity may be due to different definitions of
cases, a variety of diagnostic criteria, and different follow-up
durations across studies. Subgroup analysis has shown that age,
sex proportion, region of studies, severity of acute infection and
follow-up duration all have impacts on the overall estimations of
the prevalence and are likely to explain some of these variations.
Endeavors on the internationally agreed definition and manage-
ment of long-term sequelae among COVID-19 survivors will help
decrease heterogeneity of prevalence across studies. Second, the
estimated prevalence of any symptoms in a specific organ system
is based on self-reported, and neuropsychiatric symptoms are
mainly self-reported. Although we pooled the subjective symp-
toms and objective examination tests for the respiratory and
cardiovascular system, the objectively detected evidence is
limited, such as only one study reported cardiac inflammation.
More prospective cohort studies with larger sample sizes, longer
follow up periods and objective examinations, such as brain
imaging are needed. Third, these results are need interpreted
cautiously, because we could not verify that the self-report long-
term sequelae was definitely caused by COVID-19 infection.
Detailed medical evaluation of these patients is clearly needed to
prevent or at least minimize the possibility that symptoms due to
another disease are erroneously attributed to “long COVID" [65].
Fourth, our analysis found and reviewed only work done with the
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Alpha variant, and no study reported data on those who
contracted the Delta or Omicron variants. We did not involve
the effect of vaccination because of the limited number of studies
reporting vaccination status. With the spread of new variants and
with many people vaccinated, future studies would quite usefully
observe whether similar symptom changes are found with these
two new viral variants and whether the vaccines offer a layer of
protection from these newer variants. Finally, risk stratification
studies with biomarker-guided interventions and longer follow-up
durations in larger populations could contribute to a better
understanding of sequelae.

CONCLUSION

This meta-analysis provides a comprehensive overview of the
current state of knowledge of the long-term physical and mental
sequelae of COVID-19 and the risk factors associated with it. Our
findings suggest that about half patients who have recovered
from COVID-19 have a burden of any long-term sequelae in the
12 months after hospital discharge. It is important to follow up
with these patients and appropriately manage any persistent or
emerging long-term sequelae in both physical and psychiatric
domains. The interaction between physical and mental sequelae
and the effect for the health and social well-being in the long term
should be addressed in the future.
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