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SUMMARY

Objective: This meta-analysis investigated the prevalence of post-COVID symptoms two-years after SARS-
CoV-2 infection.
Methods: Electronic literature searches on PubMed, MEDLINE, CINAHL, EMBASE, Web of Science databases,
and on medRxiv/bioRxiv preprint servers were conducted up to October 1, 2023. Studies reporting data on
post-COVID symptoms at two-years after infection were included. Methodological quality was assessed
using the Newcastle-Ottawa Scale. Random-effects models were used for meta-analytical pooled prevalence
of each symptom.
Results: From 742 studies identified, twelve met inclusion criteria. The sample included 7912 COVID-19
survivors (50.7% female; age: 59.5, SD: 16.3). Post-COVID symptoms were assessed at a follow-up of 722.9
(SD: 51.5) days after. The overall methodological quality of studies was moderate (mean: 6/10, SD: 1.2
points). The most prevalent post-COVID symptoms two-years after SARS-CoV-2 infection were fatigue
(28.0%, 95%CI 12.0-47.0), cognitive impairments (27.6%, 95%CI 12.6-45.8), and pain (8.4%, 95%CI 4.9-12.8).
Psychological disturbances such as anxiety (13.4%, 95%Cl 6.3-22.5) and depressive (18.0%, 95%CI 4.8-36.7)
levels as well as sleep problems (20.9%, 95%Cl 5.25-43.25) were also prevalent. Pooled data showed high
heterogeneity (I > 75%).
Conclusion: This meta-analysis shows the presence of post-COVID symptoms in 30% of patients two-years
after COVID-19. Fatigue, cognitive disorders, and pain were the most prevalent post-COVID symptoms.
Psychological disturbances as well as sleep problems were still present two-years after COVID-19.

© 2023 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

cases and almost 7 million associated fatalities worldwide.! While
substantial efforts are being made to better understand the disease

The world has grappled with a devastating crisis triggered by the
global spread of the coronavirus disease COVID-19 caused by the
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). In
the three years since the pandemic’s inception, the continuous
emergence of multiple SARS-CoV-2 variants has sustained its un-
relenting spread, leading to an astonishing 768 million confirmed
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pathophysiology and the management of acute cases, a growing
concern is the prevalence of long-lasting symptoms. The presence of
symptoms following an acute SARS-CoV-2 infection has been called
long-COVID? or post-COVID-19 condition.” Although there are dif-
ferent definitions, post-COVID-19 condition is defined as follows:
“Post-COVID-19 condition occurs in people with a history of prob-
able or confirmed SARS-CoV-2 infection, usually three months from
the onset of COVID-19 with symptoms that last for at least two
months and cannot be explained by an alternative medical diag-
nosis.”
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More than 100 post-COVID symptoms have been described at the
beginning of the pandemic.” Several reviews and meta-analyses in-
vestigating the prevalence of post-COVID symptoms have been
published; however, most of them included follow-up periods less
than six months after SARS-CoV-2 infection.” " Thus, the Global
Burden of Disease Long COVID study which included 1.2 million
subjects who experienced an acute symptomatic SARS-CoV-2 in-
fection, reported that 51% of COVID-19 survivors suffered from at
least one post-COVID symptom the first three months after infection
and that to up to 15.1% of subjects still experienced symptoms 12
months after."!

With increasing evidence three years after the pandemic, a small
number of meta-analyses have included studies with follow-up
periods up to one-year after the infection.'”'® A recent meta-analysis
reported that 41.7% of COVID-19 survivors still experienced neuro-
logical, physical, or psychological post-COVID sequelae two-years
after.'” This meta-analysis found that fatigue (27.4%), sleep disorders
(25.1%), and dyspnea (10.1%) were the post-COVID symptoms more
prevalent 2-years after an acute SARS-CoV-2 infection.'* However,
this review included studies investigating post-COVID symptoms not
associated with tissue damage and post-COVID sequalae associated
with tissue damage.'* Additionally, this review also pooled post-
COVID data of vulnerable populations, e.g., individuals with pul-
monary tuberculosis, which could lead to an overestimation of
prevalence in specific symptoms.

Therefore, the objective of this study is to conduct a systematic
review and meta-analysis of prevalent post-COVID symptoms in the
general population two-years after a SARS-CoV-2 infection.

Methods

A systematic review and meta-analysis investigating the pre-
valence of post-COVID symptoms two-years after an acute SARS-
CoV-2 infection according to the 2020 Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) statement was
conducted.” The review was prospectively registered in Open Sci-
ence Framework (OSF) database (https://osf.io/jwz7b).

Literature search

Electronic literature searches on PubMed, MEDLINE, CINAHL,
EMBASE, Web of Science databases, and on medRxiv/bioRxiv pre-
print servers were conducted for published studies until October 1,
2023 by two different authors using the following terms: “long-
COVID” OR “post-acute COVID-19 syndrome” OR “post-COVID-19
condition” OR “post-COVID symptom” AND “incidence” OR “pre-
valence” OR “outcomes” AND “two years” OR “2 years” OR “2-
year.” Reference list of the published papers was also screened to
identify other studies. Table 1 details the combinations of these
search terms using Boolean operators on each database.

Selection criteria

The inclusion and exclusion criteria were described according to
the Population, Intervention, Comparison and Outcome (PICO)
principle:

Population: Adults (no vulnerable populations) with probable or
confirmed infection by SARS-CoV-2. Subjects included both hospi-
talized and non-hospitalized patients from the general population.

Intervention: Not applicable.

Comparison: Not applicable.

Outcome: Collection of post-COVID symptoms developed after an
acute SARS-CoV-2 infection by personal, telephone or electronic
interview at a follow-up period closed to two-years after the infec-
tion. All post-COVID symptoms e.g., fatigue, dyspnea, pain, brain fog,
skin rashes, memory loss, palpitations, cough, anxiety, depression, or
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Table 1
Database formulas during literature search.

PubMed Search Formula
#1 "post-acute COVID-19 syndrome" [MeSH Terms] OR "long-COVID" [All
Fields] OR "long-COVID symptoms" [All Fields] OR "long hauler" [All Fields]
OR "post-COVID-19" [All Fields] OR "post-acute COVID-19 symptoms" [All
Fields] OR "COVID-19 sequelae” [All Fields]
#2 "epidemiology"[All Fields] OR "prevalence"[All Fields] OR "incidence"[All
Fields] OR "outcome"[All Fields]
#3 (("two"[All Fields] AND "years"[All Fields]) OR ("2"[All Fields] AND
"years"[All Fields]) OR "two-year"[All Fields])
#4 #1 AND #2 AND #3

Medline /| CINAHL (via EBSCO) Search Formula
#1 (post-acute COVID-19 syndrome) OR (long-COVID) OR (long-COVID
symptoms) OR (long hauler) OR (post-COVID-19) OR (post-acute COVID-19
symptoms) OR (COVID-19 sequelae)
#2 (incidence) OR (prevalence) OR (outcomes)
#3 (two years) OR (2 years) OR (2-year)
#4 #1 AND #2 AND #3

EMBASE Search Formula
(post-acute COVID-19 syndrome) OR (long-COVID) OR (long-COVID
symptoms) OR (long hauler) OR (post-COVID-19) OR (post-acute COVID-19
symptoms) OR (COVID-19 sequelae) AND (incidence) OR (prevalence) OR
(outcomes) AND (two years) OR (2 years) OR (2-year)

sleep problems were considered. All studies were included in-
dependently of the definition used for post-COVID-19 condition.
Studies monitoring changes in immunological, serological or radi-
ological outcomes without assessing post-COVID symptoms were
excluded. In addition, studies investigating post-COVID sequela e.g.,
organ damage or lung volumes, and not post-COVID symptoma-
tology were also excluded.

Screening process, study selection and data extraction

Observational cohorts and case-control studies where a cohort of
COVID-19 survivors, either hospitalized or non-hospitalized, were
reassessed for the presence of post-COVID symptoms in a follow-up
period closed to two-years. Research letters and correspondences
were included if they reported new data. Case studies, case series,
editorials and opinion articles without data were excluded. Only
human studies and full-text English language papers were con-
sidered.

The title and abstract of publications identified during the da-
tabase search were screened by two independent authors.
Duplicates were removed, abstracts were evaluated, and eligible
articles were identified. Full text of articles were analyzed by the
same two authors. Data extracted included authors, country, design,
sample size, setting, age, long-COVID definition, and post-COVID
symptoms at two-years after infection. Both authors needed to reach
a consensus on study selection and data extraction. Disagreements
at any stage of the screening process were resolved by a third in-
dependent author.

Methodological quality and risk of bias

The Newcastle-Ottawa Scale (NOS), a nine-star rating system
evaluating the risk of bias and methodological quality of observa-
tional (case-control and cohort) studies, was used.'® In cohort stu-
dies, the NOS evaluates the following items: case selection (i.e.,
cohort representativeness, selection of non-exposed cohort, case
definition, outcome), comparability (i.e., proper control for age, sex,
other factors, between-group comparisons) and exposure (i.e., out-
come assessment, enough and adequate follow-up). In case-control
studies, NOS items are adapted. For instance, case selection item
includes adequate case definition and control selection. Thus, the
methodological quality of longitudinal cohort studies or case-control
studies is classified as: high quality (7-9 stars), moderate quality (5-6
starts), or low quality (<4 stars). In cross-sectional cohort studies, a
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maximum of 3 stars can be awarded: good quality (3 stars), fair
quality (2 stars), or poor quality (one star). Methodological quality
was evaluated by two independent authors. If there was a dis-
agreement, a third author arbitrated the final decision.

Data synthesis and analysis

To synthesize the presence of post-COVID symptoms two-years
after an acute infection, random-effects meta-analyses were per-
formed using MetaXL software to estimate their pooled data with
95% confidence intervals (CIs) (https://www.epigear.com/index_
files/metaxl.html). For quantitative data (e.g., age, days at hospital),
overall means and standard deviations (SD) were calculated. When
data was reported as median and interquartile range (IQR), mean
and SD were calculated as described by Luo et al.'” When necessary,
data were estimated from graphs. The researchers used a random-
effects model because potential heterogeneity was expected. Sample
size-weighted mean scores for each study reporting data alongside
95%CI were calculated in addition to any potential meta-analytical
summary effect on the pooled prevalence data for each post-COVID
symptom. An > > 75% was considered to indicate serious hetero-
geneity. Thus, publication bias was assessed using funnel plots with
Egger weighted regression test, when a sufficient number of studies
(n 2 10) investigating the same post-COVID symptom was available.
Grouping by hospitalization status and by gender was not possible
due to the lack of data.

Results
Study selection

The electronic search identified 742 papers for review. After re-
moving duplicates (n = 45) and papers including follow-ups shorter
than two-years (n = 678), 19 papers remained. Five were excluded
after abstract examination, leaving 14 articles for full-text analysis.
One paper'® was excluded since the title and abstract stated two-
years but the follow-up was shorter than one-year, and another
study was excluded because the data cannot be extracted.'® Thus, 12
studies were finally included (Fig. 1).2°*! Seven studies were con-
ducted in European countries such as France,”® Sweden,””
Spain,?® Switzerland,?' Faroe Islands,?® Italy,*° and Germany.*' Four
studies were conducted in China®®???%?® and one was conducted in
the United States of America.”’

Sample characteristics

The features of the sample of the included studies are summar-
ized in Table 2. Five studies included hospitalized cohorts?®?%2%25:28
while two studies included a cohort of non-hospitalized pa-
tients.”®>! Two studies had two separated cohorts of hospitalized
and non-hospitalized patients?>?” in the study and the three studies
mixed non-hospitalized patients with a small proportion of hospi-
talized patients.?">%3°

Most studies (n=9) collected data by telephone inter-
view,?022727.2930 Data collection in the remaining studies were
conducted by face-to-face interview,”® by electronical ques-
tionnaire,”' and by postal questionnaire.’’ Although post-COVID
symptoms were self-reported in all studies,’°>' some patient-re-
ported outcome measures (PROM) were used for collecting specific
symptoms in a small number of studies. The Hospital Anxiety and
Depression Scale (HADS) was used to determine anxiety and de-
pressive levels while the Generalized Anxiety Disorder seven-item
(GAD-7) scale was used to for anxiety levels alone.>**® Other PROM
used were the Pittsburgh Sleep Quality Index (PSQI) for sleep
quality,?® British Medical Research Council for dyspnea,>**>?® and
Checklist Individual Strength (CIS) for fatigue.””
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Pooled calculations were conducted for the total sample because
a small number of studies included only either hospitalized or non-
hospitalized cohorts while others included mixed. The total sample
included 7, 912 COVID-19 survivors (50.7% female; age: 59.5, SD:
16.3 years). Post-COVID symptoms were assessed at a mean follow-
up period of 722.9 (SD 51.5) days after the infection. Up to 54% (95CI
30.65%-76.45%) of the sample exhibited at least one previous med-
ical comorbidity. Hypertension (33.95%, 95%Cl 25.95%-41.2%) and
obesity (22.35%, 95%CI 10.65%-36.8%) were the most prevalent. The
mean length of hospital stay in the hospitalized group was 14.5 days
(SD 8.8) and 235 patients (3.2%) required ICU admission (mean stay:
21.2, SD: 19.4 days) (Table 3).

Methodological quality

The overall methodological quality of the studies was moderate
(mean: 6, SD: 1.2 points). Three studies’>***® were of high metho-
dological quality (27/9 stars), eight studies?"?*272°=! were of
moderate quality (5-6 starts) and one”® was of poor quality (3 stars).
No disagreement between authors was observed. Table 4 sum-
marizes the Newcastle-Ottawa Scale scores for each study and a
summary of every item.

Prevalence of post-COVID symptoms two-years after

Overall, the most prevalent post-COVID symptoms two-years
after an acute SARS-CoV-2 infection were fatigue (28.0%, 95% CI 12.0
to 47.0, 11 studies, Fig. 2A), cognitive problems (27.6%, 95%CI 12.6 to
45.8, 6 studies, Fig. 2B), and pain symptoms (8.4%, 95%CI 4.9 to 12.8,
11 studies, Fig. 3). In addition, psychological problems such as an-
xiety (13.4%, 95%CI 6.3 to 22.5, 7 studies) and depressive (18.0%,
95%Cl 4.8 to 36.7, 4 studies) levels as well as sleep problems (20.9%,
95%CI 5.25 to 43.25, 4 studies) also exhibited higher pooled pre-
valence rates (Fig. 4). All pooled data showed high heterogeneity
(12 2 75%).

Post-COVID symptoms were grouped as follows: respiratory and
general symptoms, neurological symptoms, gastrointestinal symp-
toms, pain symptoms, dermatological symptoms, and other type of
post-COVID symptomatology (Table 5). The most prevalent post-
COVID respiratory and general symptoms were fatigue (28.0%),
runny nose (8.2%) and dyspnea (5.7%). Neurological and cognitive
post-COVID symptoms showed similar pooled prevalence rate: diz-
ziness and vertigo (6.7%), anosmia (5.25%), and ageusia (4.85%).
Stomachache was the most prevalent gastrointestinal post-COVID
symptom (6.7%) while headache (8.9%) and myalgia (8.1%) were the
most prevalent post-COVID pain symptoms. The pooled prevalence
of hair loss as the most prevalent dermatological post-COVID
symptom was 7.35% (Table 5). All pooled data showed high hetero-
geneity (12 > 75%).

Other post-COVID symptoms, e.g., chronic constipation, flatu-
lence, blue lips, edema, ear pain, were just assessed in one study and
pooled prevalence data was not possible.

Publication bias

The number of studies in several post-COVID symptoms was too
small to permit publication bias assessment. Funnel plots, calculated
for post-COVID fatigue (Suppl. Fig. 1), post-COVID pain (Suppl. Fig. 2),
post-COVID dyspnea (Suppl. Fig. 3) and post-COVID chest/thoracic
pain (Suppl. Fig. 4) revealed asymmetry in their analyses. The Egger
test revealed publication bias for post-COVID pain (Egger’s test P-
value: 0.029) and dyspnea (Egger’s test P-value: 0.012), but not for
fatigue (Egger’s test P-value: 0.215) or chest/thoracic pain (Egger’s
test P-value: 0.520).
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

Discussion

This meta-analysis revealed that almost 30% of subjects who had
been infected by SARS-CoV-2 experienced post-COVID symptoms
two-years after. Fatigue, cognitive disorders and pain were the most
prevalent post-COVID symptoms within the general population two-
years after. Additionally, COVID-19 survivors also reported the pre-
sence of anxiety and depression, as well as sleep problems, up to 15%
and 25%, respectively.

Findings: Post-COVID symptoms

This research found that fatigue and cognitive impairments were
the most frequent post-COVID symptoms two-years after infection
with prevalence rates close to 28%. This agrees with Rahmati et al.
who also reported fatigue (27.4%) as the most prevalent post-COVID
symptom at a follow-up period of two-years.'* This research also
found that the prevalence rate of overall cognitive impairments
upon analysis of memory problems and brain fog (around 20%) was
higher than Rahmati et al.’s paper which reported memory loss and
brain fog prevalence rates of 5.1% and 8.1%, respectively.'* The third
most prevalent post-COVID symptom was pain (8%). Post-COVID
headache (8.9%) and myalgia (8.1%) were the most prevalent pain
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conditions. The pooled prevalence of post-COVID headache, anosmia
or ageusia two-years after the infection were similar in both meta-
analyses.

Some discrepancies in some symptoms were noted. An ex-
planation to this is, first, the number of studies in this meta-analysis
is higher than that of Rahmati et al.'* Second, some post-COVID
symptoms in different studies included in Rahmati et al.'* were
combined, e.g., mixed altered taste and smell. This research did not
include combined data in the meta-analytic calculation. Third, dif-
ferent collection procedures were employed, e.g., self-reported
symptoms and PROMs, which have led to different prevalence rates.
Finally, Rahmati et al.'* included also post-COVID sequelae (i.e.,
changes in respiratory volumes) associated with e.g. lung damage.

Previous meta-analyses reported prevalence rates ranging from 10%
to 50% of most post-COVID symptoms during the first year after infec-
tion.” "> When analyzing current evidence, it seems that the prevalence
of post-COVID symptomatology decreases with time.”"'* Thus, a de-
creased tendency is observed in most, but not all, post-COVID symptoms
during the following years after SARS-CoV-2 acute infection.**** A re-
cent meta-analysis identified that fatigue, sleep problems, dyspnea, and
anxiety were the most prevalent post-COVID symptoms the first three
months after SARS-CoV-2 infection. Meanwhile, post-COVID fatigue,
dyspnea, sleep disorders, and depression were those most prevalent six
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Table 3
Pooled demographic and clinical data of the total sample (n=7912).

Total (n=7912)

59.5 (16.3)

n=7054 - 12 studies
2823 (50.7%)[2741 (49.3%)
8 studies

Age, mean (SD), years
Gender, female/male, n (%)

Medical co-morbidities
1 or more comorbidities 54.0% (30.65; 76.45) n = 1767 /4747
P =99.3% - 5 studies

33.95% (25.95; 41.2)
n=1248/3669

P =94.1% - 6 studies

Hypertension

Obesity 22.35% (10.65; 36.8)
n=209/1173
I =96.9% - 5 studies
Diabetes 9.4% (5.4; 14.3)

n=744/6032

2 =96.9% - 9 studies
6.6% (4.4; 9.2)
n=613/6865

? =91.4% - 10 studies

Heart Disease

COPD 3.5% (1.6; 5.9)
n=197/6501
2 =95.1% - 8 studies
Cancer 3.0% (1.85; 4.4)

n=172/5738

2 =86.2% - 6 studies
2.2% (0.93; 3.93)
n=135/5615

2 =87.6% - 6 studies
145 (8.8)

n=4975 - 7 studies

Kidney disease

Stay at the hospital, mean (SD), days

ICU admission

Yes/No, n (%) 235/7208 (3.2%)

n =38 studies
Stay at ICU, mean (SD), days 21.2 (19.4)

n=125 - 3 studies
Follow up, mean (SD), days 722.9 (51.5)

n=7912 - 12 studies

COPD: Chronic Obstructive Pulmonary Disease; ICU: Intensive Care Unit; SD: Standard
Deviation.

months after>* The prevalence tendency of long-lasting symptoms
during the following years after SARS-CoV-2 infection can be different
symptom-by-symptom as there is evidence suggesting a fluctuating
trajectory of post-COVID symptomatology.”

Most published meta-analyses have reported fatigue and cogni-
tive problems as the most prevalent post-COVID symptom
throughout the first year after an acute SARS-CoV-2 infection.” '
This research found that different pain conditions, e.g., headache and
myalgia, are also prevalent. This plethora of post-COVID symptoms
can be explained by several mechanisms attributed to SARS-CoV-2
such as viral persistence, long-lasting inflammation, autoimmunity,
reactivation of latent infections, alteration in gut microbiota, mi-
crovascular thrombosis or others.*®

Independently if different etiopathogenic mechanisms are in-
volved for each post-COVID symptom, evidence supports that long-
lasting symptoms are still present two-years after SARS-CoV-2 acute
infection.

Findings: Post-COVID psychological-associated symptoms

Psychological symptomatology has raised a worldwide health
care concern’’ as the COVID-19 outbreak provoked a deleterious
impact on mental health in the general population.’® This meta-
analysis found that around 20% of COVID-19 survivors also exhibit
symptoms of anxiety, depression, and sleep problems two-years
after the infection. The prevalence rates of anxiety and depressive
symptomatology in this meta-analysis (13.4% and 18% respectively)
were higher than prevalence rates observed by Rahmati et al. (an-
xiety 9%, depression 6.6%).'* On the other hand, the prevalence rate
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Table 4

Methodological quality (Newcastle-Ottawa Scale - NOS) of cohort studies included in the review.

Outcome

Comparability

Selection

Total score

Adequacy of
follow-up

Sufficient

Assessment of
outcomes

Additional
factor

Main

Outcome of
interest

Ascertainment of

exposure

Selection of

Representative of the
exposed cohort

Study

follow-up

Factor

nonexposed cohort

6/9
7/9

x

x

* X

* X

Ballouz et al., 2023

*

Fernandez-de-las-Peiias

et al., 2022%°
Helmsdal et al., 2022%°
Huang et al., 2022°°
Li et al., 2022°*

6/9
8/9
6/9
6/9
5/9
6/9
6/9

X KKK KKK

X KKK KKK

* K K KX KX K X

X X ¥ X x

* K K KX KX K X

X KK K KK

Kirchberger et al., 2023°"
Millet et al., 202227
Peghin et al., 2023*°
Van Wambeke et al.,
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6/9
7/9
3/9

x X X

x X X

* X X

* X

*
*

2023°°
Wahlgren et al., 2023%°

Yang et al., 2022%*
Zhang et al., 2023%°




C. Fernandez-de-las-Pefias, K.I. Notarte, R. Macasaet et al.

Journal of Infection 88 (2024) 77-88

A) Fatigue

Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Fernandez-de-las-Pefas et al. 2022 308 668 i = 0.46 [0.42; 0.50] 10.4% 9.2%
Van Wambeke et al. 2023 42 45 | — 0.93 [0.82; 0.99] 0.7% 8.7%
Yang et al.2022 193 1864 . 0.10 [0.09; 0.12] 29.0% 9.2%
Helmsdal et al. 2022 38 170 -:-*—- 0.22 [0.16; 0.29] 2.6% 9.1%
Millet et al. 2022 21 173 —— 0.12 [0.08; 0.18] 2.7% 9.1%
Huang et al. 2022 357 1190 .= 0.30 [0.27;0.33] 18.5% 9.2%
Kirchberger et al. 2023 158 210 i —— 0.75 [0.69; 0.81) 3.3% 9.1%
Li et al. 2022 19 155 —— 0.12 [0.08; 0.18] 2.4% 9.1%
Zhang et al. 2023 113 1212 b 0.09 [0.08; 0.11] 18.8% 9.2%
Ballouz et al. 2023 36 5156+ 1 0.07 [0.05; 0.10] 8.0% 9.2%
Peghin et al. 2023 33 230 -'1: : 0.14 [0.10; 0.20] 3.6% 9.1%

y i
Common effect model 6432 0 0.19 [0.18; 0.20] 100.0% --
Random effects model — 0.28 [0.12; 0.47] -~ 100.0%
Heterogeneity: /% = 99%, t* = 0.1075, p < 0.01 J I J !
02 04 06 08

B) Cognitive alterations

Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Subgroup = Cognitive disorders :
Van Wambeke et al. 2023 33 45 . e 0.73 [0.58; 0.85) 1.6% 9.6%
Subgroup = Concentration problems E
Wahlgren et al. 2022 64 165 ' —— 0.39 [0.31:0.47) 5.8% 10.0%
Millet et al. 2022 18 173 - 0.10 [0.06; 0.16] 6.1% 10.0%
Kirchberger et al. 2023 105 210 : —— 0.50 [0.43;0.57) 74% 10.0%
Ballouz et al. 2023 19 513 : 0.04 [0.02; 0.06] 18.1% 10.1%
Common effect model 1061 < 0.16 [0.14; 0.18]) 37.4° -
Random effects model -—=T->— 0.23 [0.05; 0.48) 40.1%
Subgroup = Memory problems .
Fernandez-de-las-Penas et al. 2022 121 668 L 0.18 [0.15;0.21] 23.5% 10.1%
Wahigren et al. 2023 99 165 ' —— 0.60 [0.52; 0.68] 5.8% 10.0%
Millet et al. 2022 16 173 =, 0.09 [0.05; 0.15] 6.1% 10.0%
Kirchberger et al. 2023 101 210 = —— 0.48 [0.41;0.55) 7.4% 10.0%
Ballouz et al. 2023 13 515 . 0.03 [0.01;0.04) 18.1% 10.1%
Common effect model 1731 ° 0.17 [0.15; 0.19] 61.0% -
Random effects model —_— 0.24 [0.06; 0.49] 50.3%

terog ;

Common effect model 2837 ° 0.17 [0.16; 0.19]) 100.0% -
Random effects model -Icl—- : | 0.28 [0.13; 0.46) -~ 100.0%
Heterogeneity: /I = 99%, > = 0.0911, p < 0.01 02 04 06 08

Test for subgroup differences (common effect): 7_% =65.80,df =2 (p <0.01)
Test for subgroup differences (random effects). y; = 17.93, df =2 (p < 0.01)

Fig. 2. Meta-analysis of prevalence of post-COVID fatigue (A) and post-COVID cognitive alterations (B) two-years after acute SARS-CoV-2 infection.

of sleep problems in this meta-analysis (20.9%) was slightly inferior
to that identified by Rahmati et al. (25.1%).'*

These heterogeneous prevalence rates of psychological symp-
toms are a result of differences in study designs (cross-sectional vs.
longitudinal), populations (hospitalized vs. non-hospitalized cohort)
or collection procedures (self-reported or use of specific PROMs). For
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instance, anxiety and depressive levels were self-reported in most
studies and evaluated with some specific PROMs such the HADS or
the GAD-7. Since these PROMs use different cut-off scores for iden-
tifying anxiety and depressive levels or sleep problems, different
prevalence rates can be expected. Contrary to what is seen in bio-
logical post-COVID symptoms, previous and current data would
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Pain Symptoms

Study Events
Subgroup = Ear Pain

Millet et al. 2022 4
Subgroup = Headache

Helmsdal et al. 2022 14
Walhgrem et al. 2023 51
Millet et al. 2022 9
Huang et al. 2022 81
Lietal. 2022 5
Zhang et al. 2023 7
Ballouz et al. 2023 8
Peghin et al. 2023 10
Kirchberger et al. 2023 101

Common effect model
Random effec;s model

Heterogeneity: /“ = 98%, v = 0.0495, p < 0.01

Subgroup = Joint Pain

Helmsdal et al. 2022 10
Huang et al. 2022 117
Ballouz et al. 2023 8

Common effect model
Random effects model

Heterogeneity: / 96%, t 0.0093, p < 0.01

Subgroup = Muscle and Joint Pain

Van Wambeke et al. 2023 15
Kirchberger et al. 2023 110
Common effect model

Random effects model

Heterogeneity: / 81%, t 0.0147, p = 0.02

Subgroup = Myalgia

Yang et al.2022 33
Helmsdal et al. 2022 8
Walhgrem et al. 2023 93
Huang et al. 2022 88
Lietal. 2022 9
Zhang et al. 2023 30
Ballouz et al. 2023 12

Common effect model
Random effects model

Heterogeneity: /° = 98%, v = 0.0611, p < 0.01

Subgroup = Pain symptoms
Fernandez-de-las-Penas et al. 2022 221
Millet et al. 2022 14
Common effect model
Random effects model
Heterogeneity: /° = 98%, t* = 0.0504, p < 0.01

Subgroup = Thoracic or chest pain

Van Wambeke et al. 2023 4
Yang et al.2022 55
Helmsdal et al. 2022 2
Millet et al. 2022 6
Huang et al. 2022 83
Kirchberger et al. 2023 36
Li et al. 2022 9
Zhang et al. 2023 27
Ballouz et al. 2023 7
Peghin et al. 2023 5
Common effect model

Random effects model

Heterogeneity: I° = 91 v =0.0083, p <0.01

Total

173 =

170 1+
165 |
173 ——
190 =
155 ——:
12121 |-
515 # |
230 =
210 -
4020 ¢
B ———
170 ——
1190 | =
515 # |
1875 &
S
45
210 -
255 1
1864 141
170
165 |-
1190 =
155 —=—
1212 & -
515 #,
5271 ¢ :
-‘__—
668 |-
173 e
841 : <

45 -
1864 B
170 = -
173 =
1190 =
210 i ——
155 ——
1212 |, -
515 = |
230 =
5764
<

Proportion

0.02 [0.01; 0.06]

0.08 [0.05;0.13]
0.31 [0.24; 0.39]
0.05 [0.02;0.10]
0.07 [0.05; 0.08]
0.03 [0.01; 0.07)
0.01 [0.00; 0.01]
0.02 [0.01; 0.03]
0.04 [0.02; 0.08]
0.48 [0.41; 0.55]
0.05 [0.04; 0.05]
0.09 [0.02; 0.19]

0.06 [0.03;0.11)
0.10 [0.08; 0.12)
0.02 [0.01; 0.03]
0.07 [0.05; 0.08]
0.05 [0.01; 0.11]

0.33 [0.20; 0.49]
0.52 [0.45; 0.59]
0.49 [0.43; 0.55]
0.44 [0.26; 0.63]

0.02 [0.01;0.02]
0.05 [0.02; 0.09]
0.56 [0.48; 0.64]
0.07 [0.06; 0.09]
0.06 [0.03;0.11]
0.02 [0.02; 0.04]
0.02 [0.01; 0.04]
0.04 [0.03; 0.04]
0.08 [0.01; 0.21]

0.33 [0.30; 0.37]
0.08 [0.04;0.13]
0.27 [0.24; 0.30]
0.19 [0.02; 0.48]

0.09 [0.02;0.21]
0.03 [0.02; 0.04]
0.01 [0.00; 0.04]
0.03 [0.01: 0.07]
0.07 [0.06; 0.09]
0.17 [0.12;0.23]
0.06 [0.03;0.11]
0.02 [0.01; 0.03]
0.01 [0.01; 0.03]
0.02 [0.01;0.05]
0.03 [0.03; 0.04]
0.04 [0.02; 0.07]
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Weight

1.0%

0.9%
0.9%
1.0%
6.5%
0.9%
6.7%
2.8%
1.3%
1.2%
221%

0.9%
6.5%
2.8%
10.3%

0.2%
1.2%
1.4%

10.2%
0.9%
0.9%
6.5%
0.9%
6.7%
2.8%

29.0%

3.7%
1.0%
4.6%

0.2%
10.2%
0.9%
1.0%
6.5%
1.2%
0.9%
6.7%
2.8%
1.3%
31M1.7%

Fig. 3. Meta-analysis of prevalence of post-COVID pain symptoms two-years after acute SARS-CoV-2 infection.
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Weight

95%-Cl (common) (random)

2.9%

2.9%
2.9%
2.9%
3.0%
2.9%
3.0%
3.0%
2.9%
2.9%

26.6%

2.9%
3.0%
3.0%

8.9%

2.7%
2.9%

5.6%

3.0%
2.9%
2.9%
3.0%
2.9%
3.0%
3.0%

20.8%

3.0%
2.9%

5.9%

2.7%
3.0%
2.9%
2.9%
3.0%
2.9%
2.9%
3.0%
3.0%
2.9%

29.3%
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A) Anxiety Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Van Wambeke et al. 2023 1" 45 | 0.24 [0.13; 0.40] 0.9% 12.3%
Walhgrem et al. 2023 62 165 | ———— 0.38 [0.30; 0.45] 34%  14.2%
Millet et al. 2022 14 173 —:°— 0.08 [0.04; 0.13] 3.6% 14.2%
Kirchberger et al. 2023 35 210 | 0.17 [0.12; 0.22] 4.3% 14.4%
Yang et al.2022 82 1864 - | 0.04 [0.04; 0.05] 38.4% 15.0%
Zhang et al. 2023 90 1212 = 0.07 [0.06; 0.09] 25.0% 15.0%
Huang et al. 2022 98 1187 —+ : 0.08 [0.07; 0.10] 24.4% 15.0%
.l
o
Common effect model 4856 ¢ 0.07 [0.07; 0.08] 100.0% --
Random effects model _ 0.13 [0.06; 0.22] -~ 100.0%
Heterogeneity: I = 96%, 1° = 0.0242, p < 0.01 ' J |
0.1 0.2 0.3 0.4
B) Depression
Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Walhgrem et al. 2023 66 165 | —_— 0.40 [0.32;0.48] 9.5% 24.8%
Millet et al. 2022 1 173 —— 0.06 [0.03;0.11] 10.0% 24.8%
Kirchberger et al. 2023 59 210 ! — 0.28 [0.22; 0.35] 12.1% 24.9%
Huang et al. 2022 75 1190 =+ 0.06 [0.05; 0.08] 68.4% 25.5%
|
I
Common effect model 1738 <SS 0.11 [0.09; 0.12] 100.0% --
Random effects model ————— 0.18 [0.05; 0.37] -~ 100.0%
Heterogeneity: I = 98%, t* = 0.0459, p < 0.01 ' ' J |
0.1 02 03 04
C) Sleep Disorders
Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Kirchberger et al. 2023 84 210 :§ — 0.40 [0.33;0.47] 10.4% 24.9%
Ballouz et al. 2023 7 515 =% : : 0.01 [0.01;0.03] 25.5% 25.2%
Huang et al. 2022 313 1151 :g = 0.27 [0.25;0.30] 57.0% 25.3%
Li et al. 2022 39 142 j——— 0.27 [0.20; 0.36] 7.1% 24.7%
T
&
Common effect model 2018 < 0.19 [0.17; 0.21] 100.0% --
Random effects model — 0.21 [0.05; 0.43] - 100.0%
Heterogeneity: I = 99%, t° = 0.0599, p < 0.01 ! | ' )
01 02 03 04

Fig. 4. Meta-analysis of prevalence of anxiety (A), depressive symptoms (B) and sleep problems (C) two-years after acute SARS-CoV-2 infection.

suggest that the prevalence of psychological symptoms, as well as
sleep problems, are overall stable but can also slightly decrease with
time.*’

Anxiety, depressive levels, and poor sleep are not directly at-
tributed to SARS-CoV-2 biology or trophism as other symptoms (e.g.,
fatigue, ageusia, dyspnea, anosmia, brain fog) are but can still pro-
mote biological post-COVID symptoms.*° For instance, the presence
of depressive symptoms the first month after an acute SARS-CoV-2
infection strongly predicts the presence of post-COVID fatigue one-
year after.*! Similarly, the presence of sleep disorders is associated
with worse quality of life in individuals with post-COVID-19 condi-
tion.*? This association can be explained by shared mechanisms of
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anxiety, depression, and poor sleep with other biological post-COVID
symptoms such as fatigue or cognitive impairments.*>** Thus, the
presence of anxiety, depression, and poor sleep could be psycholo-
gical stressors that leads to the perpetuation of other post-COVID
symptoms.

Limitations

This research is not without limitations. First, there was hetero-
geneity in most calculations, particularly due to differences in stu-
dies sample and wide variations in reported prevalence data. Due to
this, a meta-regression was not possible. Second, the small number



C. Fernandez-de-las-Pefias, K.I. Notarte, R. Macasaet et al. Journal of Infection 88 (2024) 77-88

Table 5 Table 5 (continued)
Pooled mean (95% confidence interval) pooled prevalence of post-COVID symptoms
two-years after an acute SARS-CoV-2 infection. Studies 9
Myalgi 8.1% (0.99; 20.9%
Respiratory and General Symptoms 2 ya'gla 08 3; )
Fatigue 28.0% (12.0; 47.0) Event/Total 273/5271
! 99.0% Studies 7
Event/Total 1318/6432
Studies 1 Dermatological symptoms
Dyspnea 9.4% (4.25; 16.35) Hair Loss 7.35% (3.2; 13.05)
12 96.4% 15 95.6%
Event/Total 314/5452 Event/Total 247/2813
Studies 1 Studies 5
Runny Nose 8.2% (0.0; 31.5) Skin Rashes 2.45% (0.90; 4.65)
2 98.2% I 82.9%
Event/Total 73/553 Event/Total 78/2926
Studies 3 Studies 6
lszore Throat 3'79;;(1'2; 13.65) Other type of post-COVID symptom
v Ocular problems 7.7% (3.0; 14.2
Event/Total 186/3833 Eaak o 87( )
Studies 6 s
Event/Total 151/2198
Cough 4.0% (1.0; 8.6) studi e/ S ; I
2
I 94.8% Palpitations or Tachycardia 4.15% (0.5; 10.93)
Event/Total 144/4544 2 98.6%
Zt”dles . ’13 S50 (10: 2.0 Event/Total 231/5832
prectoratlon 5% (1.0; 2.0) Studies 7
I 17.1%
Event/Total 51/3246 Psychological Symptoms
Studies 3 Sleep problems 20.9% (5.25; 43.25)

Neurological and Cognitive Symptoms

Cognitive Alterations
IZ

Event/Total

Studies

Ageusia

12

Event/Total

Studies

Anosmia

12

Event/Total

Studies

Dizziness or Vertigo
lZ

Event/Total

Studies

Gastrointestinal Symptoms
Pooled Gastrointestinal Problems

IZ

Event/Total
Studies
Diarrhea

12

Event/Total
Studies
Nausea or Vomiting
12

Event/Total
Studies
Stomach Pain
IZ

Event/Total
Studies

Pain Symptoms
Pooled Pain Symptoms
IZ

Event/Total

Studies
Chest/Thoracic Pain
12

Event/Total

Studies

Joint Pain

lZ

Event/Total

Studies

Headache

IZ

Event/Total

27.6% (12.6; 45.8%)
98.7%

589/2837

6

4.85% (1.1; 10.8)
95.79%

110 /3823

8

5.25% (1.25; 11.55)
97.1%

160/3623

6

6.7% (1.7; 14.5)
98.4%

267/5484

8

4.5% (1.85; 8.2)
96.9%

305/8958

9

2.65% (0.01; 8.75)
NA

55/2433

5

1.35% (0.2; 3.3)
92.4%

49/4167

6

6.35% (0.00; 21.95)
95.2%

31/383

2

8.4% (4.9; 12.8)
98.1%
1292/18,199

11

4.25% (2.0; 7.1)
91.5%

234/5764

10

5.2% (1.3; 11.4%)
96.2%

135/1875

3

8.9% (2.3; 19.0)
98.3%

286 /4020

86

2 99.1%
Event/Total 443/2018
Studies 4

Anxiety 13.4% (6.3; 22.5)
I 96.2%
Event/Total 392/4856
Studies 7

Depression Symptoms 18.0% (4.8; 36.7)
2 98.1%
Event/Total 211/1738

Studies 4

of studies in several post-COVID symptoms did not permit pooling
data which limits the generalizability of the result. Some studies
mixed cohorts of hospitalized and non-hospitalized patients, and
some studies neither separated data by gender nor provided data
about patients requiring ICU admission. No conclusion on these
subgroups was achieved due to this limitation. Third, 75% (n=9/12)
of studies collected data by telephone and most symptoms were
self-reported. Hence, there is risk of reporting bias due to recall in-
accuracy. Future studies could use the “Long COVID Symptom and
Impact Tool,” which has been found to be a reliable instrument for
monitoring post-COVID symptoms.”® Lastly, due to the follow-up
period of two-years, most study included participants infected
during the earlier waves of the pandemic related to the historical
strains, and infected with other variants such as Alpha and Delta. No
current long-term data for the Omicron variant, the most extended
and dominant variant, is available. In such a scenario, most studies
did not control vaccination status, vaccine types, potential reinfec-
tions or use of antiviral drugs during the acute COVID-19 phase.
Future population studies considering identified limitations in the
current study are needed.

Conclusion

This meta-analysis revealed that almost 30% of subjects who had
been infected by SARS-CoV-2 experienced post-COVID symptoms
two-years after an acute SARS-CoV-2 infection. Fatigue, cognitive
impairments, and pain were the most prevalent post-COVID symp-
toms two-years after. Additionally, COVID-19 survivors also reported
the presence of anxiety and depression, as well as sleep problems,
up to 15% and 25%, respectively. Population-based studies using
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homogeneous collection procedures are needed to further determine
the prevalence of post-COVID symptomatology.
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