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ABSTRACT
The symptoms of long COVID are well‐documented. However, the long‐term effects beyond 2 years remain poorly understood

due to a lack of data. This systematic review and meta‐analysis examined the prevalence of persistent symptoms in COVID‐19
survivors 3 years following initial SARS‐CoV‐2 infection. PubMed, MEDLINE (Ovid), CENTRAL, Web of Science, Scopus, and

Embase were searched from inception of the databases up to July 20, 2024, by two independent researchers for articles reporting

on the prevalence of persistent symptoms 3 years' post‐infection of people who survived COVID‐19 infection. We employed a

random‐effect model for the pooled analysis, and the meta‐analytical effect size was prevalence for the applicable end‐points,
I2 statistics, and quality assessment of included studies using the Newcastle‐Ottawa Scale. Eleven articles were included after
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the literature search yielded 223 potentially relevant articles. We found that among patients with long COVID, fatigue, sleep

disturbances, and dyspnea were the most common symptoms. Pooled analysis showed that the proportion of individuals

experiencing at least one persistent symptom 3 years post‐COVID‐19 is 20% (95% confidence interval [CI]: 8–43). The prevalence
of persistent symptoms was dyspnea (12%; 95% CI: 10–15), fatigue (11%; 95% CI: 6–20), insomnia (11%; 95% CI: 2–37), loss of
smell (7%; 95% CI: 5–8), loss of taste (7%; 95% CI: 3–16), and anxiety (6%; 95% CI: 1–32). Prevalence of other findings include

impaired diffusion capacity (42%; 95% CI: 34–50) and impaired forced expiratory volume in 1 s (10%; 95% CI: 8–12). Our findings
confirm the persistence of unresolved symptoms 3 years post‐COVID‐19 infection, with implications for future research,

healthcare policy, and patient care.

1 | Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2)
infection can lead to long‐lasting, persistent, and new symptoms
occurring after the acute phase of coronavirus disease 2019
(COVID‐19), known as long COVID or post‐acute sequelae of
COVID‐19 (PASC) [1–11]. Similar long‐lasting health effects
were also observed in the SARS epidemic in 2003 and at 1 year
after hospital discharge, which 18% of patients had a significant
reduction in distance walked in 6min, 17% had not returned to
work, and 33% reported a significant decrement in mental
health [12]. SARS infection in 2003 also resulted in persistent
psychiatric morbidities and chronic fatigue among the survivors
for up to 4 years of follow‐up [13]. Even 15 years after SARS
epidemic in 2003, 38% of infected patients still had reduced lung
diffusion capacity [14]. These reports indicate that long COVID
from SARS‐CoV‐2 parallels the long‐term effects seen in the
SARS epidemic in 2003, where survivors faced persistent
physical and mental health issues for years.

Meta‐analysis studies of long‐term sequelae of COVID‐19 1‐ and
2‐year after SARS‐CoV‐2 infection described risk trajectories for
neurological, physical, and psychological sequela and many
other outcomes [15–17]. There are some reports implicating
that risks remain in the third year after infection and survivors
with long COVID are at increased risk of varying adverse out-
comes, such as diabetes, cardiovascular disease, neurological
diseases, and kidney disease which might reduce individuals'
quality of life and limit daily activity, and resulting in higher
unemployment rates [1–11]. It is not clear to what extent these
symptom clusters persist beyond 3 years after infection.
Importantly, there is no previous systematic review that
described prolonged COVID‐19 symptoms beyond 3 years after
SARS‐CoV‐2 infection. Owing to insufficient evidence, we
provide a systematic evaluation and detail, which will estimate
the pooled prevalence of Long COVID symptoms up to 3 years
after SARS‐CoV‐2 infection and also identify the potential risk
predictors of these persistent symptoms up to 3 years after
infection. Addressing this knowledge gap will facilitate policy
development and inform long‐term management strategies in
the prevention and response to COVID‐19, and also will inform
the care of people with this condition.

2 | Methods

The present systematic review and meta‐analysis adhered to the
methodological guidelines from the Cochrane Handbook for

Systematic Reviews [18] and followed the PRISMA (preferred
reporting items for systematic review and meta‐analyses) state-
ment 2020 in conducting and reporting the review (Supporting
Information S1: Table S1) [19]. The systematic review was pre‐
registered with the International Prospective Register of Sys-
tematic Reviews (PROSPERO; ref. no. CRD42024581975).

2.1 | Search Strategy

Two researchers (M.R. and R.U.) electronically searched six
databases, including PubMed, MEDLINE (Ovid), CENTRAL,
Web of Science, Scopus, and EMBASE from inception of the
databases up to July 20, 2024. Any disagreements were resolved
through discussion with a third reviewer (L.B.). Search terms
were developed through a review of previous systematic reviews
on long COVID and relevant literature. Two independent re-
viewers (M.R. and R.U.) refined the terms through iterative
discussion, and a third researcher (L.B.) reviewed the final
strategy to ensure clarity and comprehensiveness. The search
strategy and terms are provided in Supporting Information S1:
Table S2. To find all eligible articles, we searched all reference
lists of included studies related to the research question and no
language restrictions for studies with English summary were
applied in our systematic search.

2.2 | Eligibility Criteria

The present systematic review and meta‐analysis followed
the PICO criteria for inclusion of studies [20]. PICOs: Parti-
cipants included survivors of COVID‐19; Outcome included
those studies reporting on prevalence of long COVID symp-
toms; Study period describes studies reporting prolonged
symptoms present for at least 3 years after initial SARS‐CoV‐2
infection; Intervention and Comparison are not applicable in
the present study. We included studies that explicitly re-
ported outcomes at a 3‐year follow‐up after SARS‐CoV‐2
infection. In cases where studies reported multiple follow‐up
periods (e.g., 1‐, 2‐, and 3‐year), only the data corresponding
to the 3‐year time point were extracted and analyzed. Studies
that did not clearly distinguish the outcomes assessed spe-
cifically at 3 years, or reported aggregated data across dif-
ferent time points, were excluded to maintain methodological
consistency and ensure precision in the synthesis of
long‐term outcomes. We also included prospective cohort
and cross‐sectional studies. Moreover, we included studies
that evaluated the prevalence of long‐term sequelae of
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COVID‐19 3 years after SARS‐CoV‐2 infection. Additionally,
we did not apply any restrictions related to gender or geo-
graphical focus. Narrative literature reviews were excluded
from the analysis as they do not present original primary data
or employ systematic methodology required for meta‐analytic
synthesis. However, the reference lists of relevant narrative
reviews were screened to identify potentially eligible primary
studies not retrieved in the initial search, thereby enhancing
the comprehensiveness of the review process. The selection
of the articles was independently performed by two reviewers
(M.R. and R.U.) at title and abstract screening stage and full‐
text report screening stage, and disagreements were resolved
through discussion with a third reviewer (L.B.).

2.3 | Data Extraction and Quality Assessment

We extracted data using Covidence systematic review soft-
ware (version 2; Veritas Health Innovation, Melbourne, VIC,
Australia) on a pre‐designed spreadsheet following Cochrane
guidelines. The following data were extracted from the eli-
gible studies: author and year, study design, country, sample
size, age, sex, SARS‐CoV‐2 infection period, outcomes, vac-
cination history, and population characteristics. Outcomes
included disability‐adjusted life years, neurologic, mental,
fatigue, pulmonary, cardiovascular, musculoskeletal, kidney,
gastrointestinal, and metabolic. The quality of included
studies was assessed using the Newcastle–Ottawa Scale
(NOS). The NOS scores were categorized as follows: scores of
0–3 were considered low quality, scores of 4–6 were con-
sidered moderate quality, and scores of 7–9 were considered
high quality [21]. Data extraction and quality assessment
were independently performed by two reviewers (M.R. and
D.K.Y.), and disagreements were resolved through discussion
with a third reviewer (L.B.) [22–24]. Although, had pre‐
planned to use a third‐party resolution, no disagreements
were present.

2.4 | Statistical Analyses and Synthesis

Long COVID symptoms 3 years after SARS‐CoV‐2 infection
were pooled and expressed as proportions with corresponding
95% confidence intervals (CI). A one‐stage random effects
model was employed for the meta‐analysis, as it accounts for
both within‐study and between‐study variability, providing
more accurate and generalizable estimates of the overall effect.
This model is particularly suitable when studies are expected to
differ in terms of their designs, populations, and measures of
outcome. The degree of between‐study heterogeneity that could
not be ascribed to sampling error was explored using Cochran's
Q statistics and I‐squared (I2; low: 0%–40%, moderate: 30%–60%,
substantial: 50%–90%, and considerable: > 90%) to estimate
heterogeneity in all included studies. Moreover, to assess the
robustness of summary estimates and to detect if any study
accounted for a large proportion of heterogeneity, sensitivity
analysis was performed by the leave‐one‐out method approach.
Due to the requirement that Egger's test and Begg's test need at
least 10 studies for reliable results, these tests were not per-
formed in the present study, as the number of studies included

in each analysis was fewer than 10. All meta‐analyses in the
current study were conducted in R software using the “meta”
package (version 4.2.2; R Foundation, Vienna, Austria) and a
two‐sided p< 0.05 was considered significant.

3 | Result

3.1 | Study Identification and Characteristics

A total of 223 potentially relevant articles were identified in our
literature search. After removing duplicates, 152 articles
remained. After screening titles and abstracts, 131 research ar-
ticles were excluded. From the remaining 21, an additional 10
articles were excluded (Supporting Information S1: Table S3),
resulting in 11 articles included in this systematic review [1–11].
These studies were published between 2023 and 2024.

The included studies were conducted across six countries,
including Bulgaria, China (n= 5, with four studies from
Wuhan), Japan, Italy, Romania, and the United States (n= 2).
All studies focused on hospitalized COVID‐19 patients from
January to December 2020, except for one study that included
patients from February 2020 to November 2021. In total, these
studies reported data on 142 171 individuals (range 88–135 161)
aged 36–86 years with long COVID. Among the 141 847 parti-
cipants for whom sex or gender data were available, 123 675
(87%) were male and 18 172 (13%) were female. Most were
cohort studies (9/11 [81.8%]), followed by cross‐sectional stud-
ies (2/11 [18.2%]). Included studies were of medium to high
quality, with NOS scores of between 7 and 9 (Supporting
Information S1: Table S4 and Supporting Information S1:
Figure S1).

3.2 | Risk of Mortality and Disability‐Adjusted
Life Years

Those with COVID‐19 who were not hospitalized and hospi-
talized during the acute phase of the disease were at an
increased risk of death 3 years after SARS‐CoV2 infection
(incidence rate ratio [IRR]: 1.01, 95% CI: 0.97–1.04; excess
burden per 1000 persons: 0.22, 95% CI: −1.14 to 1.58; and IRR:
1.29, 95% CI: 1.19–1.40; excess burden per 1000 persons: 8.16,
95% CI: 4.37–11.96, respectively) [3]. Among both non-
hospitalized and hospitalized people with COVID‐19, long
COVID contributed 9.6 (95% CI: 0.4–18.7) and 90.0
(55.2–124.8) disability‐adjusted life years (DALYs) per 1000
persons in the third year, respectively [3]. Further, mortality
rates were also higher in both people who had COVID‐19 with
and without neurological signs post‐COVID‐19 hospitalization
at 3 years (58/414 [14.01%] and 94/1196 [7.84%], respectively)
[5]. Overall, these findings highlight the lasting impact of
COVID‐19 on mortality and disability up to 3 years after
infection, particularly among individuals who required hos-
pitalization and those who experienced neurological compli-
cations. The evidence underscores the need for ongoing
monitoring, support, and targeted interventions for affected
individuals, especially those with severe or complex post‐acute
presentations.
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3.3 | Three‐Year Outcomes of Post‐Acute
Sequelae of COVID‐19

Although a general reduction in long COVID symptoms among
previously hospitalized patients was observed over time, a
substantial burden of new or persistent symptoms remained at
the 3‐year mark. We categorized these symptoms into eight
major physiological clusters: neurologic, mental, pulmonary,
cardiovascular, musculoskeletal, kidney, gastrointestinal, and
metabolic (Supporting Information S1: Table S5). Among these,
the neurologic, pulmonary, and cardiovascular clusters were
the most commonly affected. Notably, neurological symptoms
such as memory problems, dizziness, and peripheral neuropa-
thy were frequent, along with persistent fatigue, mental health
issues including anxiety and depression, pulmonary impair-
ments like dyspnea and reduced lung function, and cardiovas-
cular complications including heart failure and arrhythmias
[1–11]. For a detailed list of all reported symptoms, please refer
to Supporting Information S1: Table S5.

3.4 | Identified Risk Factors Associated With the
Persistence of Post‐Acute Sequelae of COVID‐19

To help clinicians, public health policy makers, and researchers
efficiently identify COVID‐19 survivors most at risk of long‐term
sequelae 3 years after SARS‐CoV2 infection the present review
identified the key risk factors in the literature for long COVID
and these included older age (possibly due to immunosenescence
and pre‐existing vulnerabilities) [5, 11], higher COVID‐19
severity score at hospitalization (reflecting greater initial organ
damage) [2–5, 7, 9, 11], female sex (potentially linked to sex‐
based immunological differences) [7, 10, 11], smoking [2, 11],
substance use [2], allergy [9], and having comorbidities
(including congestive heart failure, chronic kidney disease,
hypertension, and diabetes) [5, 6, 9]. Further, consuming Renin–
angiotensin–aldosterone blockers before and during the pan-
demic, had no discernible effect during the postinfection period
on reported long COVID symptoms [6] (Figure 1).

3.5 | Meta‐Analysis of Post‐Acute Sequelae of
COVID‐19

The pooled prevalence of COVID‐19 survivors experiencing at
least one unresolved symptom and at least one unresolved res-
piratory symptom 3‐years after SARS‐CoV‐2 infection, were 20%
(95% CI: 8%–43%; Z= 2.22, p= 0.01; four studies [4, 10, 11]) and
35% (95% CI: 18%–56%; Z= 2.59, p= 0.009; two studies [7, 9]),
respectively (Figure 2).

The most frequent significant findings at 3‐years after
SARS‐CoV‐2 infection were DLCO< 80% of the predicted value
(42%; 95% CI: 34%–50%; Z= 7.46, p= 0.0001; two studies [7, 9])
and forced expiratory volume in 1 s (FEV1) < 80% of the pre-
dicted value (10%; 95% CI: 8%–12%; Z= 8.85, p= 0.0001; two
studies [7, 9]). The most frequent significant symptoms at
3 years following SARS‐CoV‐2 were dyspnea (12%; 95% CI:
10%–15%; Z= 7, p= 0.0001; two studies [7, 9]), fatigue (11%;
95% CI 6%–20%; Z= 3.23, p= 0.001; three studies [4, 10, 11]),

smell disorder (7%; 95% CI 5%–8%; Z= 3.42, p= 0.0006; two
studies [1, 11]), cough (6%; 95% CI: 2%–15%; Z= 2.35, p= 0.018;
two studies [4, 7, 9, 11]), and expectoration (4%; 95% CI:
1%–11%; Z= 2.19, p= 0.028; three studies [4, 7, 9]). The prev-
alence of sleep difficulty (11%; 95% CI: 2%–37%; Z= 1.30,
p= 0.1; two studies [10, 11]), taste disorder (7%; 95% CI:
3%–16%; Z= 1.64, p= 0.1; two studies [1, 11]), anxiety (6%; 95%
CI: 1%–32%; Z= 1.14, p= 0.255; two studies [4, 11]), and
myalgia (4%; 95% CI: 2%–18%; Z= 1.89, p= 0.058; two studies
[4, 11]) were not significant (Figure 3).

4 | Discussion

This study signifies the first systematic review and meta‐
analysis focused on the post‐acute sequelae of COVID‐19 over a
3‐year period. Evidence from 11 distinct studies was synthesized
to examine the mental, neurological, and physical symptoms
experienced by survivors of COVID‐19. The key finding is that
the pooled prevalence of survivors of COVID‐19 experiencing at
least one unresolved symptom after 3 years of initial
SARS‐CoV‐2 infection is 20%. The most prevalent unresolved
symptoms 3 years after SARS‐CoV‐2 infection were dyspnea
(12%), fatigue (11%), and insomnia (11%). Other symptoms
include smell (7%) and taste (7%) disorders, anxiety (6%), cough
(6%), expectoration (4%), and myalgia (4%). Notably, the most
prevalent findings impaired diffusion capacity (42%) as well as
impaired forced expiratory volume in 1 s (10%). This empirical
evidence consists mostly of data on patients with long COVID
who were hospitalized during the acute phase of the illness,
which suggest caution in generalizing our findings for patients
with long COVID who had mild symptoms during the initial
infection.

Studies included in review (n =11) 

223 studies identified through database searching 

152 studies screened

71 duplicate studies removed

21 studies screened for eligibility

10 articles excluded 

4 Follow-up < 3 years

3 Other outcomes considered

2 Narrative reviews

1 Editorial

131 studies excluded after title 

and abstract review

FIGURE 1 | PRISMA flow diagram of study selection.
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This review found that dyspnea, fatigue, and sleep problems
were the most prevalent post‐COVID symptoms 3‐years after
infection with a prevalence range of 11%–12%. Dyspnea was the
most frequent symptom. Though dyspnea showed a relatively
slight increase from 10% (2‐year prevalence) to 12% (present
study), its pulmonary assessment showed no significant differ-
ence with the 2‐year prevalence report on lung diffusion
capacity and other lung function tests [17]. Patients with long
COVID in the Wuhan cohort that completed lung function test
at 3 years following hospital discharge showed dysfunctional
residual volume and forced expiratory volume, as well as
impaired lung diffusion capacity [9, 11]. Fatigue is the second
most frequent symptom, and it shows a substantial reduction
from the reported 2‐year follow‐up data of 27.4% (15) and 28%
(21) to 11% in the present study. This agrees with Zhang et al.,
who also reported a significant reduction in fatigue prevalence
[11]. Possible explanations for that include some therapeutic
measures that could have over time reduced fatigue or raised
physical activity following termination of all restrictions post‐
COVID‐19 or people have adapted better over time [2]. Other
problems reported at 3 years following hospital discharge from
COVID‐19 include the following: cardiovascular (angina, bra-
dycardia, and cardiac arrest, etc), musculoskeletal (myalgia,
joint pain, and osteoarthritis), kidneys (acute kidney injury and
kidney failure) as well as diabetes.

Han et al. had previously reported that the prevalence rate of
most symptoms of PASC within the first year following initial
infection to be substantial [25]. Two years after initial infection,
Rahmati and colleagues showed that 42% of survivors of
COVID‐19 still experienced at least one unresolved symptom of
PASC [15]. Current evidence provides data that suggests the
prevalence of long COVID symptomatology reduces over time
with few exceptions. A well‐designed meta‐analysis which
pooled data from 54 included studies across over 20 nations
showed that fatigue, sleep difficulties, and dyspnea are the most

frequent symptom cluster in the first 3 months following initial
SARS‐CoV‐2 infection [26].

This review reports that there's great improvement in the major
neuropsychiatric symptoms of fatigue, sleep disorders, and
anxiety 3 years post‐COVID‐19—following a consistent decline
over time. However, a worsening trend was observed for the
other neurological symptoms such as smell and taste loss. At
3 years, the pooled prevalence of sleep disorders, anxiety, smell
and taste problems were 11%, 6%, 7%, and 7%, respectively;
compared to their 2‐year pooled prevalence of 25%, 9%, 3.5%,
and 4.5%, respectively [17]. However, longer‐term follow‐up
will certainly establish any definitive trend of symptom
improvement. Other neuropsychiatric symptoms reported at
3 years include memory problems, Parkinson‐like disease,
alcohol use disorder, peripheral neuropathy, and vision
impairment [1, 3, 4, 11]. However, a longer‐term study will be
required to explore an association between cognitive dys-
function (often called brain fog) and neurodegenerative dis-
order following COVID‐19 [27].

Similar coronavirus infections such as SARS and MERS have
been known to cause long‐term chronic effects such as fatigue,
sleep disorders, anxiety disorders, and lung damage. The lon-
gest documented longitudinal study post‐SARS infection is by Li
and et al. [28]. The study which followed up and characterized
14 healthcare workers (HCWs) for 18 years postdischarge from
SARS infection reported fatigue as the most common sympto-
matic complaint, followed by dyspnea despite normal pulmo-
nary and gas diffusion capacity in the face of persistent lung
lesions up to 18 years, as well as fully recovered mental and
emotional health [28]. Li et al. further reported that when the
18‐year recovery was compared to their 12‐year recovery cohort,
the later showed lower physical, social, and emotional functions
which significantly improved at 18 years follow‐up, but was still
worse than that of the control group [28]. This is consistent with

FIGURE 2 | Forest plot of (a) at least one unresolved symptom and (b) at least one unresolved respiratory symptom 3 years after SARS‐CoV‐2
infection.
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FIGURE 3 | Forest plot of prevalence of various symptoms 3 years after SARS‐CoV‐2 infection.
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the Peking study, which followed up 71 HCWs for 15 years from
Peking University People's Hospital that suffered nosocomial
infection during the 2003 SARS outbreak showed that the
proportion of patients with lung lesions on CT reduced signif-
icantly from 9.4% in 2003 to 3.2% in 2004 and remained stable
15 years later 4.64% [14]. Another study which followed up 11
SARS survivors reported that 10 patients had fibrosis 7 years
later compared to 11 patients who had it 6 months post‐
discharge [29]. These are in agreement with the work of Han
et al., who reported that over 30% of its longitudinal cohort
continued to have unresolved pulmonary lesions up to 3 years

and they were associated with respiratory symptoms as well as
impaired diffusion capacity [7].

A recent meta‐analysis that reviewed 19 studies from 14 different
nations regarding work ability and return‐to‐work by patients with
long COVID found that unresolved symptoms have a substantial
impact on their work‐related activities with 61% returning to work
effectively after 3 months or more post‐COVID‐19 [30]. They
further reported that an ample proportion of these returnees still
require some adjustments to their work duties or number of hours
to assist with their unresolved disabilities [30]. According to the

FIGURE 3 | (Continued)
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TABLE 2 | Clinical presentation, symptoms, and factors associated with long COVID.

Study
Follow‐up,

year
Clinical presentation and

symptoms, n/N (%)
Factors associated with the persistence

of PASC

Boscolo‐Rizzo
et al. [1]

1 year,
2 years,
3 years

Neurologic: olfactory dysfunction
(12/88 [13.6%]), Gustatory dysfunction

(10/88 [11.4%])

NR

Bota et al. [2] 1 year,
2 years,
3 years

Psychiatric: depression (NR), anxiety
(NR), and quality of life (NR)

Smoking, substance use, and severity of
COVID‐19 at hospitalization, were associated

with depression

Cai et al. [3] 1 year,
2 years,
3 years

Incidence rate ratio, number of
sequelae and disability‐adjusted

life years (DALYs) due to COVID‐19 in
nonhospitalized and hospitalized

patients with COVID‐19 in 3 years after
SARS‐CoV‐2 infection were mentioned
for different organs and symptoms

including: cardiovascular, coagulation,
fatigue, gastrointestinal, kidney,

mental, metabolic, musculoskeletal,
neurologic, and pulmonary

Patients with COVID‐19 who were hospitalized
during the acute phase of SARS‐CoV‐2 infection
had significantly higher risk and burden of
overall PASC and sequelae in every organ

system

Dai et al. [4] 1 year,
2 years,
3 years

11.4% (182/1594) proportions of
participants had at least one symptom
at 3 years after symptom onset or

COVID‐19 diagnosis;
Neurologic: fatigue (85/1594 [5.3%])

and myalgia (33/1594 [2.1%]);
Respiratory: cough (24/1594 [1.5%]),
shortness of breath (19/1594 [1.2%]),
and expectoration (17/1594 [1.1%]);

Cardiac: chest tightness (32/1594 [2%]);
Psychiatric: anxiety (22/1594 [1.4%])

Multivariate logistic regression analysis showed
that mechanical ventilation at hospitalization
was associated with presence of at least one
symptom. Univariable analysis showed that

ICU admission at hospitalization was associated
with higher risk of fatigue and symptom

persistence.

Eligulashvili
et al. [5]

1 year,
2 years,
3 years

Patients with neurological signs: stroke
(26/414 [6.28%]), major adverse
cardiovascular events (85/414

[20.53%]), and mortality
(58/414 [14.01%])

Patients without neurological signs:
stroke (28/1196 [2.34%]), major adverse

cardiovascular events (198/1196
[16.51%]), and mortality

(94/1196 [7.84%])

Among both patients with and without
neurological signs, non‐survivors were

significantly older and had higher COVID‐19
severity score at hospitalization than

survivors. In patients without neurological
signs, non‐survivors had higher incidence of

hypertension, diabetes, congestive heart
failure, and chronic kidney disease compared

to control survivors.
Univariate logistic regression analysis showed

that congestive heart failure, COVID‐19
severity score, and age were associated with
mortality in patients with neurological signs.

Filev et al. [6] 3 year Creatinine and proteinuria or albumin/
creatinine ratio significantly improved
3 years after the infection with patients

without chronic kidney disease
showing better recovery of renal

function than those with any stage of
chronic kidney disease before the

COVID‐19 infection

Logistic regression analysis showed that
consuming Renin–angiotensin–aldosterone

blockers before and during the pandemic, had
no discernible effect during the postinfection
period on reported PASC symptoms, including
fatigue, cognitive dysfunction, chest pain, and

sleep disturbances

Han et al. [7] 1 year,
2 years,
3 years

23% (145/644) proportions of
participants had at least one respiratory
symptom at 3 years after symptom

onset or COVID‐19 diagnosis;

Multivariate logistic regression analysis showed
that higher COVID‐19 severity score at
hospitalization and female gender were

(Continues)
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US Centre for Disease Control (CDC), a national survey of non-
institutionalized United States adults taken between 2022 and
2023 to estimate long COVID prevalence revealed that 26% of
patients with long COVID experienced significant limitation to
their daily activity relative to the pre‐COVID period [31]. We are
unable to report on the pooled prevalence regarding return to

work due to lack of adequate data. The need for researchers to
report on the proportion of patients with long COVID who have
been able to return to their original job 3 years later cannot be
overemphasized. It's important to note that whereas we had two
studies report on this parameter during the 2‐year review [17],
only one study reported it in the current review [11]. Given that

TABLE 2 | (Continued)

Study
Follow‐up,

year
Clinical presentation and

symptoms, n/N (%)
Factors associated with the persistence

of PASC

Respiratory: cough (84/728 [12%]),
dyspnea (86/728 [12%]), expectoration

(56/728 [7.7%])
Pulmonary function: FEV1 < 80%

predicted (40/644 [6.2%]), DLCO < 80%
predicted (244/644 [38%])

associated with higher risks of lung diffusion
impairment

Morioka et al. [8] 1 year,
2 years,
3 years

5.7% (4/70) proportions of participants
had at least one symptom at 3 years
after symptom onset or COVID‐19

diagnosis

NR

Wu et al. [9] 1 year,
2 years,
3 years

50.5% (56/111) proportions of
participants had at least one respiratory
symptom at 3 years after symptom

onset or COVID‐19 diagnosis;
Respiratory: cough (19/111 [17.1%]),

dyspnea (18/111 [16.2%]), expectoration
(9/111 [8.1%])

Pulmonary function: FEV1 < 80%
predicted (11/101 [10.9%]), DLCO
< 80% predicted (50/101 [49.5%])

Multivariate logistic regression analysis showed
that higher COVID‐19 severity score at
hospitalization and female gender were

associated with higher risks of lung diffusion
impairment

Yang et al. [10] 2 years,
3 years

29.7% (33/111) proportions of
participants had at least one symptom
at 3 years after symptom onset or

COVID‐19 diagnosis;
Neurologic: fatigue (85/613 [17%]);
Respiratory: cough (24/613 [3.8%]),
shortness of breath (19/613 [5.3%]);

Psychiatric: difficulty sleeping (22/613
[9.8%]), joint pain (22/613 [6.9%])

Multivariate logistic regression analysis showed
that diabetes, allergy, severe COVID‐19, and
female gender were associated with impaired
independent predictors of pulmonary diffusion

dysfunction

Zhang et al. [11] 2 years,
3 years

54% (728/1358) proportions of
participants had at least one symptom
at 3 years after symptom onset or

COVID‐19 diagnosis.
Neurologic: fatigue (249/1358 [18%]),
sleep difficulties (370/1358 [27%]),
smell disorder (86/1358 [6%]), taste

disorder (51/1358 [4%]), dizziness (77/
1358 [6%]), myalgia (90/1358 [7%]),

headache (61/1358 [4%]).
Cardiac: palpitation (123/1358 [9%]).

Psychiatric: depression (278/752 [37%]),
anxiety (156/752 [21%]), pain or

discomfort (393/752 [52%]), mobility
problem (33/752 [4%]), usual activity

problem (12/752 [2%]), and
posttraumatic stress disorder symptom

(120/16 [52%])

Multivariate logistic regression analysis showed
that higher COVID‐19 severity score at

hospitalization and older age were associated
with dyspnea. Older age was associated with
reduced daily activity. Female gender was

associated with higher dyspnea and anxiety or
depression symptoms and lower EQ‐VAS score.

Regarding the vaccination status,
administrating three or more doses of

COVID‐19 vaccines was positively associated
with EQ‐VAS score and negatively with reduced
daily activity. Smoking was associated with
depression and lower quality of life scores.

Abbreviations: ADHD, attention‐deficit/hyperactivity disorder; BCVA, best‐corrected visual acuity; NR, not reported.
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long COVID posse not just a risk of unresolved symptoms but for
those with disabilities, living with long COVID can be an addi-
tional burden, thus this demands a more comprehensive care
approach that addresses the consequential health inequities.

Significant limitation to functional and work capacity is best
exemplified by the work of Eligulashvili and colleagues who
revealed that half and one‐third of the neurological cohort and
non‐neurological cohort, respectively, were discharged to both
skilled nursing facilities and rehabilitation homes [5]. Fur-
thermore, the study which followed up 414 patients with
SARS‐CoV‐2 infection and substantial neurological findings
(e.g., acute stroke, new seizures) versus 1199 COVID‐19 positive
patients without substantial neurological findings showed that
the neurological cohort were at greater risk of life‐threatening
worse longer term sequelae including higher mortality risk after
discharge (from heart failure, infections, and ARDS), neuro-
degenerative diseases, higher readmission risk and higher age‐
adjusted brain volume loss [5]. Interestingly, this is strongly
supported by the work of Ziyad Al‐Aly and his team which
followed up 135 161 COVID‐19 survivors versus 5 206 835 con-
trols from the United States Veterans affairs department to
compare their risk of PASC and death [3]. They found that the
nonhospitalized patients had no increased risk of death after the
first year and a lower risk of PASC up to the third year, while
the hospitalized patients had both increased risk of death and
significant PASC risk up to the third year post‐COVID‐19 [3].

Recent studies have identified several mechanisms contributing
to long COVID symptoms. One significant factor is the severity
of the acute infection, with more severe cases linked to a higher
risk of long‐term symptoms, suggesting greater organ damage
and emphasizing the need for early clinical management,
especially in high‐risk patients [32, 33]. Another key factor is
the generation of autoantibodies, which can trigger inflamma-
tion and tissue damage, explaining persistent symptoms such as
fatigue, neurological dysfunction, and cardiovascular issues
[34]. Lastly, the persistence of SARS‐CoV‐2 RNA in tissues may
lead to ongoing immune activation and inflammation, con-
tributing to chronic symptoms [35]. These mechanisms offer
insights into long COVID's pathogenesis and potential treat-
ment strategies, although further research is necessary to fully
understand their interactions and long‐term effects.

Despite our extensive literature search that explored multiple
databases, a key limitation of this review is the availability of
data on persistent symptoms in hospitalized patients with little
or no data regarding residual symptoms in patients with a mild
course of COVID‐19. Our data pooling capacity in subgroup
analysis was further limited by studies with a mixed cohort of
hospitalized and mild cases, as well as little information re-
garding data about patients requiring ICU admission. Another
limitation was the use of qualitative studies as we endeavored to
provide a more comprehensive illumination into the experience
of patients with long COVID 3 years after the initial
SARS‐CoV‐2 infection. Also, the use of self‐reported question-
naires has the risk of introducing reporting bias.

The small number of studies in each analysis reduces statistical
power and precision. Additionally, substantial heterogeneity in
some comparisons weakens confidence in the generalizability of

the results. This variability may be influenced by factors such as
viral variants, population demographics, vaccination rates,
treatment protocols, and reinfections, all of which could con-
tribute to inconsistent findings. For symptoms such as insomnia
and anxiety, the wide CIs and high heterogeneity suggest con-
siderable variability between studies, and as a result, the pooled
estimates should be interpreted with caution. Furthermore, the
lack of individual‐level data on symptom co‐occurrence (e.g.,
dyspnea and fatigue) limits the ability to assess symptom
overlap across cases, restricting our ability to explore symptom
clustering and potential interaction effects. Another important
limitation is the heterogeneity in the definition of control
groups across the included studies. Some studies used healthy
individuals with no prior SARS‐CoV‐2 infection as controls,
while others included individuals who had recovered from
acute COVID‐19 without developing long COVID symptoms.
Due to the limited number of studies, subgroup analyses based
on control group type could not be conducted. This heteroge-
neity may have influenced the pooled estimates and should be
taken into consideration when interpreting the findings.

The included studies did not consistently report on SARS‐CoV‐2
variants, limiting our ability to assess the impact of variant
differences on post‐COVID symptoms. Previous research sug-
gests that different variants may affect clinical outcomes,
highlighting the need for variant‐specific data in long‐term
studies [36]. Future research should investigate the role of
variants, reinfections, and psychosocial factors in long COVID
development and recovery, helping to identify predictors of
symptom persistence and alleviating patients' concerns about
the duration of their condition. Efforts should focus on mech-
anistic research for long COVID, biomarker discovery, and
comparing long COVID to other chronic infection‐related con-
ditions (e.g., SARS, influenza, MERS, and Ebola). Future
research should also include diverse populations, such as those
with mild acute cases or underlying conditions like diabetes.
Additionally, investigating the long‐term trajectory of long
COVID, particularly the association between cognitive issues
(e.g., brain fog) and the risk of neurodegenerative disorders, is
crucial. Despite a decline in long COVID prevalence, its impact
on health‐related quality of life, functional capacity, and
socioeconomic consequences, along with the strain on public
health systems, remains significant. These findings emphasize
the need for public health policies focusing on prevention, such
as improving COVID vaccination effectiveness and promoting
early antiviral use during the acute phase [24, 37, 38]; and could
potentially inform the formulation of disability policy, health
care service needs and other rehabilitative services for patients
with long COVID who have limited functional and work
capacity.

5 | Conclusion

The long‐term physical and neuropsychiatric consequences of
long COVID persist as a significant clinical challenge for many
survivors, even up to 3 years after initial infection. This study
enhances our understanding of the natural trajectory of recov-
ery and underscores the urgent need for comprehensive, sus-
tained care strategies. Despite some improvement in symptoms,
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the management of long COVID remains hindered by several
systemic issues: limited clinical guidance, insufficient diagnos-
tic and treatment protocols, and fragmented care approaches.
Additionally, delays in recognition and misattributions of
symptoms to psychosomatic causes may compromise patient
outcomes and trust. Addressing these challenges requires a
multi‐faceted response. Healthcare professionals must be sup-
ported through ongoing specialized training and evidence‐based
clinical guidelines informed by the latest research. Establishing
multidisciplinary care teams and integrating long COVID
management into routine healthcare pathways are essential
steps toward improved care delivery. Moreover, public health
campaigns are vital to raise awareness, reduce stigma, and
foster informed patient engagement. By improving knowledge
among the public and practitioners alike, we can build a more
responsive and empathetic healthcare system. Ultimately,
tackling long COVID must be recognized as a public health
priority. Coordinated global action, informed by robust evi-
dence and compassionate care, will be key to supporting the
recovery and long‐term well‐being of those affected
(Tables 1 and 2).
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