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Background: Post-acute coronavirus disease 2019 (COVID-19) symptoms occurred

in most of the COVID-19 survivors. However, few studies have examined the issue of

whether hospitalization results in di�erent post-acute COVID-19 symptom risks. This

study aimed to compare potential COVID-19 long-term e�ects in hospitalized and

non-hospitalized COVID-19 survivors.

Methods: This study is designed as a systematic review and meta-analysis of

observational studies. A systematic search of six databases was performed for

identifying articles published from inception until April 20th, 2022, which compared

post-acute COVID-19 symptom risk in hospitalized and non-hospitalized COVID-19

survivors using a predesigned search strategy included terms for SARS-CoV-2 (eg,

COVID, coronavirus, and 2019-nCoV), post-acute COVID-19 Syndrome (eg, post-

COVID, post COVID conditions, chronic COVID symptom, long COVID, long COVID

symptom, long-haul COVID, COVID sequelae, convalescence, and persistent COVID

symptom), and hospitalization (hospitalized, in hospital, and home-isolated). The

present meta-analysis was conducted according to The Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement using R software

4.1.3 to create forest plots. Q statistics and the I2 index were used to evaluate

heterogeneity in this meta-analysis.

Results: Six observational studies conducted in Spain, Austria, Switzerland, Canada,

and the USA involving 419 hospitalized and 742 non-hospitalized COVID-19 survivors

were included. The number of COVID-19 survivors in included studies ranged from

63 to 431, and follow-up data were collected through visits in four studies and

another two used an electronic questionnaire, visit and telephone, respectively.

Significant increase in the risks of long dyspnea (OR = 3.18, 95% CI = 1.90–

5.32), anxiety (OR = 3.09, 95% CI = 1.47–6.47), myalgia (OR = 2.33, 95% CI =

1.02–5.33), and hair loss (OR = 2.76, 95% CI = 1.07–7.12) risk were found in

hospitalized COVID-19 survivors compared with outpatients. Conversely, persisting

ageusia risk was significantly reduced in hospitalized COVID-19 survivors than in

non-hospitalized patients.

Conclusion: The findings suggested that special attention and patient-centered

rehabilitation service based on a needs survey should be provided for hospitalized

COVID-19 survivors who experienced high post-acute COVID-19 symptoms risk.

KEYWORDS

post-acute COVID-19 symptom, long-COVID, hospitalized, non-hospitalized, COVID-19
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1. Introduction

COVID-19 is an infectious disease caused by severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2), which has the

characteristics of strong contagion and high mortality (1, 2). As of

May 16th, 2022, there have been 519 million cumulative confirmed

cases resulting from the COVID-19 pandemic according to the

live world statistics released by the World Health Organization.

With the continuing growth of infected cases across the world, the

complication and sequelae of COVID-19 have gradually attracted

the attention of health professionals (3). The sequelae of COVID-19

can last several weeks or months, which is also called the post-acute

COVID-19 symptom (PACS). Evidence shows that SARS-CoV-2

infection causes direct damage to multi-organs and one or more

organ impairments presented in almost 70% of 201 patients (4).

Alkodaymi et al. (5) have conducted a systematic review and

meta-analysis of 63 studies and 257, 348 COVID-19 survivors

and stated most of the patients experienced PACS for at least

3 months after recovery from COVID-19 infection. A cross-

sectional observational study by Tabacof et al. (6) investigated the

influences of PACS on physical and cognitive function, quality of

life, and usual activity, which found that PACS had a multifaceted

impact on the lives of 156 COVID-19 survivors almost one year

after infection.

SARS-CoV-2 can cause various degrees of damage to the

respiratory system and extrapulmonary organs such as the immune

system, digestive system, cardiovascular system, and nervous system

(7, 8). Even if the clinical symptoms of patients disappear, most

of the patients still have sequelae (9). The number of estimated

PACSs after initial recovery can be reached 55 in 80% of 47, 910,

and the five frequently reported PACSs were dyspnea, headache,

fatigue, attention disorder, and hair loss according to the systematic

review and meta-analysis by Lopez-Leon et al. (10). Presently, the

prevalence of PACSs has been widely investigated, while the risk

factors provoking the development of PACSs have been little studied.

A systematic review and meta-analysis by Maglietta et al. (11)

stated that female sex and acute disease severity were two risk

factors for the development of one or more PACSs. However, the

development of PACSs is still not yet comprehensively studied as

it affects COVID-19 survivors who are not hospitalized. A cohort

study by Petersen et al. (12) assessed the multi-organ functions

between non-hospitalized populations after SARS-CoV-2 infection

and healthy individuals and stated that the subclinical multi-

organ affection signs related to respiratory, cardiovascular, vascular,

and renal system organs were identified. In another cohort study

comprising 176 hospitalized and 72 non-hospitalized individuals

after SARS-CoV-2 infection, PACSs were more frequently presented

in hospitalized COVID-19 survivors (13). But the loss of taste

was more commonly presented in non-hospitalized COVID-19

survivors (14).

The data of these published studies just focused on some PACSs

risk analysis, which did not provide a comprehensive analysis

between hospitalized and non-hospitalized non-hospitalized.

Therefore, we conducted the present systematic review andmeta-

analysis to compare PACSs risk between hospitalized and non-

hospitalized patients for providing the theoretical basis to develop

PACS rehabilitation services.

2. Materials and methods

The present study was designed to compare post-acute

COVID-19 symptom risk in hospitalized and non-hospitalized

COVID-19 survivors. We conducted the present meta-analysis

following The Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) 2020 statement,

checked and confirmed that the recommended items of

the PRISMA 2020 statement were reported in the present

meta-analysis (15).

2.1. Literature search

A comprehensive search of six databases containing PubMed,

Web of Science, The Cochrane Library, EMBASE, Google

Scholar, and Scopus was independently performed by two co-

authors from inception until April 20th, 2022. Reference lists

of included studies were also manually checked to find the

eligible studies as a supplement (16). The search strategy for

the present meta-analysis was developed using the MeSH terms

containing “SARS-CoV-2”, “post-acute COVID-19 Syndrome”,

and “hospitalization” combined with the free-text terms. The

terms in the process of literature search were “COVID”, “SARS-

CoV-2”, “coronavirus” or “2019-nCoV” in combination with

“post-acute COVID-19 symptom”, “post-acute COVID-19

symptoms”, “post-COVID”, “post COVID conditions” “chronic

COVID symptom”, “chronic COVID symptoms”, “long COVID”,

“long COVID symptom”, “long COVID symptoms”, “long-haul

COVID”, “COVID sequalae”, “convalescence”, or “persistent COVID

symptoms” and “hospitalized”, “Hospitalization”, “in hospital”

and “home-isolated”. Studies published were searched with no

language restriction.

2.2. Inclusion and exclusion criteria

To be included in the present meta-analysis there were a set

of inclusion criteria that studies would be required to fulfill. The

inclusion criteria were specified as follows: (1) population: included

subjects who suffered SARS-CoV-2 that diagnosed by polymerase

chain reaction (PCR) testing and followed up for at least 12

weeks; (2) Intervention: hospitalization as the baseline exposure;

(3) Comparison: non-hospitalized COVID-19 survivors as a control;

(4) Outcomes: reported PACS prevalence and the corresponding 95%

confidence intervals of hospitalized COVID-19 survivors relative to

those non-hospitalized; (5) Study design: prospective or retrospective

observational studies which have no restriction of sample size. For

multiple results obtained by observing the same participants over

different lengths of time, only the latest published results with the

longest observation period were included. The exclusion criteria

were: (1) studies with a follow-up period of fewer than 12 weeks;

(2) reviews, meta-analyses, case reports, conference abstracts, or

animal trials; (3) studies without complete data for data synthesis;

(4) duplicated articles or data. For multiple results obtained by

observing the same participants over different lengths of time, only
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the latest published results with the longest observation period

were included.

2.3. Literature screening

The retrieved records of four databases that fulfilled the eligibility

criteria were downloaded and independently screened by two co-

authors who contributed to the literature screening. In case of

disagreement, a consensus would be reached through discussion. If

no consensus could be reached, the decision would be made by re-

review of another two co-authors. During literature screening, the

titles and abstracts were first to be read to exclude irrelevant studies.

The full texts were further read to determine whether to include

the study.

2.4. Data extraction

The data were systematically abstracted from included study

containing the first author’s family name, year of publication, study

design, the country where the study was carried out, number

and age of included COVID-19 survivors, follow-up mode and

length, symptoms of PACS, and effect estimates of prevalence. Data

extraction in the present meta-analysis was conducted by two co-

authors. In case of discrepancies, a discussion is needed, and when

necessary, the decision is reached by another two co-authors.

2.5. Quality assessment

The quality assessment of the included studies was carried out

by two co-authors using the Newcastle-Ottawa Scale (17), which

was widely used in the previous systematic review for prospective

and retrospective observational studies on the topic of COVID-19

(18, 19). This nine-point scale consists of 8 items in three dimensions:

selection, comparability, and outcome. Selection, comparability, and

outcome of cohorts containing 4, 1, and 3 items with 4, 2, and 3 scores

respectively. In case of discrepancies, a discussion is needed, and

when necessary, the decision is reached by another two co-authors.

2.6. Statistical analysis

To compare PACS risk between hospitalized and non-

hospitalized COVID-19 survivors, the odds ratios (ORs) and

95% confidence intervals (CIs) were calculated with raw data using

R software 4.1.3. Heterogeneity among studies was assessed using

Cochrane’s Q-test (with P > 0.1 indicating heterogeneity) and the

I2 statistic (where I2 ≥ 50% indicated significant heterogeneity).

The random or fixed effects model was chosen and applied for

data synthesis according to the results of heterogeneity. Sensitivity

analyses by removing studies one at a time were conducted for all

indicators to evaluate the stability of pooled results. Publication bias

was assessed using funnel plots (asymmetrical funnel plot indicated a

significant publication bias) and Egger’s test (with P < 0.05 indicated

a significant publication bias).

FIGURE 1

Flowchart of the database search and study selection.

3. Results

3.1. Study selection

A total of 4004 records were yielded from searching six databases,

by which 2,033 duplicated studies were excluded. After screening

the title and abstract of the remaining 1,971 records, 11 potentially

included studies identified for full-text review. Three studies were

excluded because intervention measures are not compliant (20–23);

another two studies were excluded because the result indicator does

not match (24, 25). In the last, a total of 6 studies were included in the

present meta-analysis (Figure 1).

3.2. Study characteristics

The characteristics of all six included observational studies

conducted between 2021 and 2022 were shown in Table 1. The

included studies were set in Spain (13), Austria (14), Switzerland

(26), Canada (27), and the USA (28, 29). The number of COVID-19

survivors in included studies ranged from 63 to 431, and the

prevalence of PACS was prospectively recorded. Follow-up was

carried out through visits in four studies (14, 27–29), and another

two used an electronic questionnaire (26), visit and telephone (13)

respectively. The results of the quality assessment showed that there

were three (13, 27, 29), two (14, 28), and one (26) studies scored 6, 7,

and 8 points respectively, which indicated that the quality of included

studies is good with low risk.

3.3. PACS risk among Hospitalized vs.
non-hospitalized COVID-19 survivors

3.3.1. Any persistent symptom risk
The data of any persistent symptom with 963/1,161 (82.95%)

patients were extracted from four studies (13, 26, 28, 29) for
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TABLE 1 The characteristics of included studies.

First Author Study Design Country Age (Years) Sample size
(M/F)

Hospitalized(M/F) Non-
Hospitalized(M/F)

Follow-
Up Length
(Months)

Follow-Up
Mode

Pérez-González et al. (13) Prospective cohort study, Spain Median (IQR) of

Hospitalized: 62 (51–71)

Median (IQR) of

Non-Hospitalized: 47

(34-54)

248 (148/100) 172 (103/69) 76 (45/31) 6 Visit and

Telephone

single center

Rass et al. (14) Prospective cohort study, multicenter Austria Median (IQR) of

Hospitalized: 56 (48–68)

135 (82/53) 103 (72/31) 32 (10/22) 3 Visit

Menges et al. (26) Prospective cohort study, single center Switzerland Median (IQR): 47 (33-58) 431 (217/214) 81 350 8 Electric

questionnaire

Abdallah et al. (27) Prospective cohort study, single center Canada Mean (SD) of Hospitalized:

59.1± 13.5 Mean (SD) of

Non-hospitalized: 42.4

± 12.9

63 (36/27) 25 (16/9) 38 (20/18) 4 Visit

Jacobson et al. (28) Prospective cohort study, single center USA Mean (SD) of Hospitalized:

50.6± 15.1 Mean (SD) of

Non-hospitalized: 41.6±

12.5

118 (49/47) 22 (14/8) 96 (49/47) 3-4 Visit

Logue et al. (29) Prospective cohort study, single center USA Mean (SD) of Hospitalized:

54± 15.1 Mean (SD) of

Non-hospitalized: 46.3

± 14.3

166 (76 /101) 16 (8/8) 150 (63/87) 3-9 Visit
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FIGURE 2

Forest plot for meta-analysis of any persistent symptom risk among Hospitalized vs. non-hospitalized COVID-19 survivors.

FIGURE 3

Forest plot for meta-analysis of general symptom risk among Hospitalized vs. non-hospitalized COVID-19 survivors.

data synthesis. In these included studies, a total of 287 and 671

subjects were grouped into hospitalized and non-hospitalized groups.

The fixed model was applied because there was no heterogeneity

difference according to the results of Q statistics and the I2 index

(I2 = 0%, P = 0.54). The results of data synthesis showed

that there was no difference in the outcome of any persistent

symptom risk between hospitalized and non-hospitalized COVID-

19 survivors (OR = 1.33, 95% CI: 0.94 to 1.89, P = 0.11)

(Figure 2).

3.3.2. General symptom risk (fatigue)
Five (13, 14, 26–28) of the six studies reported the general

symptom risk of fatigue involving 995/1,161 (85.70%) cases, and

40.50% hospitalized COVID-19 survivors (403/995). The prevalence

of fatigue was 28.07% in hospitalized COVID-19 survivors (112/399)

and 41.12% in non-hospitalized COVID-19 survivors (243/591). The

random model was applied because the result of the Q statistics

and I2 index indicated that the heterogeneity was significant (I2

= 62%, P = 0.03). The results showed no difference in the

outcome of fatigue risk between hospitalized and non-hospitalized

COVID-19 survivors (OR = 1.22, 95% CI: 0.62–2.37, P = 0.56)

(Figure 3).

3.3.3. Respiratory symptoms risk (dyspnea, cough,
and chest pain)

There were four (13, 26–28), two (13, 28), and two (13,

28) of the six studies that reported the dyspnea, cough, and

chest pain risk respectively. The results of Q statistics and I2

index showed no heterogeneity of effect size in the comparison

of dyspnea (I2 = 38%, P = 0.19), cough (I2 = 0%, P= 0.54),

and chest pain (I2 = 0%, P = 0.46) risk between hospitalized

and non-hospitalized COVID-19 survivors. Figure 4A showed

that hospitalization increased the patients’ persistent dyspnea

risk compared with non-hospitalized COVID-19 survivors (OR

= 3.18, 95% CI: 1.90 to 5.32, P < 0.01). However, the

comparison results between hospitalized and non-hospitalized

COVID-19 survivors indicated no difference in the outcome of

cough (OR = 3.66, 95% CI: 0.69–19.53, P = 0.13) (Figure 4B)

and chest pain risk (OR = 0.92, 95% CI: 0.38–2.26, P = 0.86)

(Figure 4C).

3.3.4. Neurological symptoms risk (headache, sleep
disorder, ageusia, anosmia, anxiety, and
depression)

Six types of neurological symptoms were investigated between

hospitalized and non-hospitalized COVID-19 survivors: Headache,

sleep disorder, ageusia, anosmia, anxiety, and depression. For the

outcome of headache, sleep disorder, ageusia, anosmia, anxiety,

and depression, the comparisons between hospitalized and non-

hospitalized COVID-19 survivors were investigated by three (13,

14, 28), two (13, 14), two (13, 14), two (13, 14), two (26,

27), and two (13, 26) studies respectively. The fixed models

have been applied for analyzing the comparison of headache,

sleep disorder, ageusia, anosmia, and anxiety risk because there

was no heterogeneity difference (headache: I2 = 0%, P = 0.57;

sleep disorder: I2 = 39%, P = 0.20; ageusia: I2 = 0%, P

= 1.00; anosmia: I2 = 7%, P = 0.30; anxiety: I2 = 0%, P
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FIGURE 4

Forest plot for meta-analysis of respiratory symptoms risk among Hospitalized vs. non-hospitalized COVID-19 survivors. (A) Dyspnea risk; (B) Cough risk;

(C) Chest pain risk.

= 0.78). While the random model was applied for comparing

the depression risk because of heterogeneity difference (I2 =

75%, P = 0.04). The results showed that the hospitalization

decreased the patients’ persistent ageusia risk compared with non-

hospitalized COVID-19 survivors (OR = 0.43, 95% CI: 0.19–0.96,

P= 0.04) (Figure 5C). Conversely, the anxiety risk was increased in

hospitalized COVID-19 survivors compared with non-hospitalized

COVID-19 survivors (OR = 3.09, 95% CI: 1.47– 6.47, P <

0.01) (Figure 5E). However, the significant differences in headache

(OR= 0.53, 95% CI: 0.22–0.25, P = 0.15) (Figure 5A), sleep

disorder (OR = 1.89, 95% CI: 0.85–4.21, P = 0.12) (Figure 5B),

anosmia (OR= 0.71, 95% CI: 0.38–1.33, P = 0.29) (Figure 5D), and

depression (OR = 1.01, 95% CI: 0.21–4.73, P = 0.99) (Figure 5F)

risk has not been found between hospitalized and non-hospitalized

COVID-19 survivors.

3.3.5. Other symptoms risk (myalgia and hair loss)
There were three (13, 14, 28) and two (13, 28) of the six

studies that examined the myalgia and hair loss risk respectively.

The results of Cochrane’s Q-test and the I2 statistic showed no

heterogeneity of effect size in the comparison of myalgia (I2 =

0%, P = 0.43) and hair loss (I2 = 0%, P = 0.48) risk between

hospitalized and non-hospitalized COVID-19 survivors. The results

showed that the association between hospitalization andmyalgia (OR

= 2.33, 95% CI: 1.02–5.33, P = 0.04) (Figure 6A), and hair loss (OR

= 2.76, 95% CI: 1.07 to 7.12, P = 0.04) (Figure 6B) risk among

COVID-19 survivors.

3.4. Sensitivity analysis and publication bias

The stability of the pooled result was assessed by sensitivity

analysis. The results of sensitivity analysis of OR for PACSs risk

comparing hospitalized and non-hospitalized COVID-19 survivors

showed no significant heterogeneity (Supplementary Figures 1A–L).

The publication bias of the pooled result was evaluated by

constructing funnel plots and performing Egger’s test when the

number of included studies was equal to or more than 3. The

results of funnel plots and Egger’s test suggested little evidence

of publication bias for any persistent symptom, fatigue, dyspnea,

headache, and myalgia risk comparing hospitalized and non-

hospitalized COVID-19 survivors (Supplementary Figures 2A–E).

4. Discussion

The present systematic review and meta-analysis summarized

the association of hospitalization and PACSs among COVID-19

survivors from six studies. These six studies were of moderate

to high quality. Because the pooled risk generated was based on

crude estimates, these findings need to be interpreted with caution.
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FIGURE 5

Forest plot for meta-analysis of neurological symptoms risk among Hospitalized vs. non-hospitalized COVID-19 survivors. (A) Headache risk; (B) Sleep

disorder risk; (C) Ageusia risk; (D) Anosmia risk; (E) Anxiety risk; (F) Depression risk.

Significant differences in some PACS risks were observed from

hospitalized compared with non-hospitalized COVID-19 survivors,

but not all. The results of this systematic review and meta-

analysis showed that significant increase in the risk of long dyspnea
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FIGURE 6

Forest plot for meta-analysis of other symptoms risk among Hospitalized vs. non-hospitalized COVID-19 survivors. (A) Myalgia risk; (B) Hair loss risk.

(OR= 3.18, 95% CI = 1.90–5.32), anxiety (OR = 3.09, 95% CI =

1.47–6.47), myalgia (OR = 2.33, 95% CI = 1.02–5.33), and hair loss

(OR= 2.76, 95% CI = 1.07–7.12) risk was found in hospitalized

COVID-19 survivors compared with outpatients.

Evidence on why PACSs occur is still largely unknown, however,

numerous studies have confirmed that PACSs developed regardless

of the initial disease severity (30). Respiratory symptoms lasting

over 28 days were commonly reported among 4,182 COVID-19

survivors in a prospective cohort study (31). A multicenter cross-

sectional study byMandal et al. (32) stated that CT lung abnormalities

were found among 38% of COVID-19 survivors after discharge

from the hospital at a median follow-up time of 54 days. Another

prospective study carried out by Vijayakumar et al. (33) also

investigated the imaging abnormalities in COVID survivors after

hospital discharge at a longer median follow-up time of 105 days

and found that 56% of patients presented with persistent CT lung

abnormalities mainly characterized as ground-glass opacification

and irregular bands. Whist lung impairment was another concern

among COVID-19 survivors. A systematic review and meta-analysis

conducted by Torres-Castro et al. (34) summarized the prevalence of

lung impairment in COVID-19 survivors and found that diffusion

capacity was predominating. The influencing factors for diffusion

impairment at 180 days after hospital discharge were female sex, age,

and peak RALE score (35). Dyspnea, cough, and chest pain have been

proven to be the predominant persistent respiratory symptoms (36).

Our findings indicated a significant increase in dyspnea risk among

hospitalized COVID-19 survivors compared with non-hospitalized.

A multicenter prospective study by Bretas et al. (37) demonstrated

that the prevalence of dyspnea was as high as 64.7% in ward

admission. The potential reason why high dyspnea risk presented in

hospitalized COVID-19 survivors compared with non-hospitalized is

COVID-induced persistent abnormality within the microstructure of

the lungs or in the pulmonary vasculature (38).

Significant differences in neurological symptoms (ageusia and

anxiety) risk between hospitalized and non-hospitalized were found

in this meta-analysis. According to a cross-sectional study by

Sampaio Rocha-Filho et al. (39), ageusia was a dominant persistent

neurological symptom among 288 COVID-19 survivors with a high

occurrence rate of 69.8%. However, another prospective follow-

up study by Nielsen et al. (40) stated that the prevalence of

long-lasting ageusia was highly increased among mild COVID-19

survivors, which is consistent with our findings that persisting

ageusia risk is significantly decreased in hospitalized individuals

compared with non-hospitalized populations after SARS-CoV-2

infection. This above result might be associated with the pathological

basis of neurotropic infection in the gustatory system (41). A meta-

analysis of 19 studies has demonstrated that anxiety was a frequent

neuropsychiatric manifestation among COVID-19 survivors (42).

Whist, anxiety was a common persistent neurological symptom

among most of the non-hospitalized COVID-19 survivors (43).

Our meta-analysis revealed a high prevalence of anxiety in

hospitalized compared with non-hospitalized COVID-19 survivors.

Themechanism related to anxiety risk include systemic inflammation

response to SARS-CoV-2 infection and perceived stress before and

during COVID-19 infection (44).

High risks of other symptoms containing myalgia and hair

loss have been identified among hospitalized compared with non-

hospitalized COVID-19 survivors in the present meta-analysis. A

previous scoping review by Cha et al. (45) stated that myalgia

was a commonly reported PACS in non-hospitalized COVID-19

survivors. But, the previous studies did not compare the prevalence

of myalgia between hospitalized and non-hospitalized COVID-19

survivors (24, 46–48). Persisting myalgia risk was higher among

hospitalized COVID-19 survivors than non-hospitalized ones based

on the present quantitative meta-analysis. A hypothesis for the

mechanism proposed by Kucuk et al. (49) said that muscle pain

might be associated with increased lactate levels resulting from both

elevated lactate dehydrogenase and anaerobic glycolysis. Hair loss has

been reported as a frequently persistent symptom among COVID-19

survivors (50). A preliminary study by Goren et al. (51) stated that

androgen expression might be related to the severity of COVID-19

infection among hospitalized COVID-19 patients with male pattern
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hair loss. A retrospective study by Sunada et al. (52) demonstrated

the relationship between hair loss and hormone trends, which might

be the reason for the significant difference in hair loss risk between

hospitalized and non-hospitalized COVID-19 survivors.

The present systematic review and meta-analysis is the first

time to compare PACSs risk in hospitalized and non-hospitalized

COVID-19 survivors. However, there are several limitations existed

in this study. Firstly, the included studies have a restriction on

the published language of Chinese or English. Secondly, five of

the six studies were single-center prospective studies with limited

sample sizes. Thirdly, heterogeneity differences in the outcomes

of fatigue and depression risks of the included studies were

another crucial limitation in this meta-analysis. Finally, the PACS

risks were compared between hospitalized and non-hospitalized

COVID-19 survivors at different lengths of follow-up time, which

may significantly influence the results.

5. Conclusion

In conclusion, the present meta-analysis has provided a

comprehensive analysis of PACSs risk between hospitalized and

non-hospitalized COVID-19 survivors. It showed that those in

hospitalization experienced high post-acute COVID-19 symptoms

risk such as dyspnea, anxiety, myalgia, and hair loss, and a low

risk of persisting ageusia. Health professionals should pay special

attention to PACSs risk for hospitalized COVID-19 survivors and

provide patient-centered rehabilitation services. Moreover, Health

professionals could develop assessment tools of high quality to

evaluate persisting dyspnea, ageusia, anxiety, myalgia, and hair loss

risk, especially for hospitalized COVID-19 survivors. Meanwhile, the

need for a patient-centered strategy for long-COVID care is urgent

that should be investigated.

Data availability statement

The original contributions presented in the study are included in

the article/Supplementary material, further inquiries can be directed

to the corresponding author.

Author contributions

All authors listed have made a substantial, direct,

and intellectual contribution to the work and approved it

for publication.

Funding

This study was supported by the General Scientific Research

Project of the Zhejiang Provincial Department of Education

(No. Y202043436).

Conflict of interest

The authors declare that the research was conducted in

the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those of

their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.

1112383/full#supplementary-material

References

1. Anka AU, Tahir MI, Abubakar SD, Alsabbagh M, Zian Z, Hamedifar
H, et al. Coronavirus disease 2019 (COVID-19): An overview of the
immunopathology, serological diagnosis and management. Scand J Immunol. (2021)
93:e12998. doi: 10.1111/sji.12998

2. Lami F, Elfadul M, Rashak H, Nsour MA, Akhtar H, Khader Y, et al. Risk factors
of COVID-19 critical outcomes in the eastern mediterranean region: multicountry
retrospective study. JMIR Public Health Surv. (2022) 8:e32831. doi: 10.2196/32831

3. Yong SJ. Long COVID or post-COVID-19 syndrome:
putative pathophysiology, risk factors, and treatments. Infect Dis
(London, England). (2021) 53:737–54. doi: 10.1080/23744235.2021.1
924397

4. Dennis A, Wamil M, Alberts J, Oben J, Cuthbertson DJ, Wootton D,
et al. Multiorgan impairment in low-risk individuals with post-COVID-
19 syndrome: a prospective, community-based study. BMJ Open. (2021)
11:e048391. doi: 10.1136/bmjopen-2020-048391

5. Alkodaymi MS, Omrani OA, Fawzy NA, Shaar BA, Almamlouk R, Riaz M,
et al. Prevalence of post-acute COVID-19 syndrome symptoms at different follow-up

periods: a systematic review and meta-analysis. Clin Microbiol Infect. (2022) 28:657–
66. doi: 10.1016/j.cmi.2022.01.014

6. Tabacof L, Tosto-Mancuso J, Wood J, et al. Post-acute COVID-19
syndrome negatively impacts physical function, cognitive function, health-
related quality of life, and participation. Am J Phys Med Rehabil. (2022)
101:48–52. doi: 10.1097/PHM.0000000000001910

7. Song Z, Bao L, Yu P, et al. SARS-CoV-2 causes a systemically multiple
organs damages and dissemination in hamsters. Front Microbiol. (2020)
11:618891. doi: 10.3389/fmicb.2020.618891

8. Elrobaa IH, New KJ. COVID-19: Pulmonary and Extra Pulmonary Manifestations.
Front Public Health. (2021) 9:711616. doi: 10.3389/fpubh.2021.711616

9. Ramakrishnan RK, Kashour T, Hamid Q, Halwani R, Tleyjeh IM. Unraveling
the mystery surrounding post-acute sequelae of COVID-19. Front Immunol. (2021)
12:686029. doi: 10.3389/fimmu.2021.686029

10. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, Sepulveda R, Rebolledo PA,
Cuapio A, et al. More than 50 long-term effects of COVID-19: a systematic review and
meta-analysis. Sci Rep. (2021) 11:16144. doi: 10.1038/s41598-021-95565-8

Frontiers in PublicHealth 09 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1112383
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1112383/full#supplementary-material
https://doi.org/10.1111/sji.12998
https://doi.org/10.2196/32831
https://doi.org/10.1080/23744235.2021.1924397
https://doi.org/10.1136/bmjopen-2020-048391
https://doi.org/10.1016/j.cmi.2022.01.014
https://doi.org/10.1097/PHM.0000000000001910
https://doi.org/10.3389/fmicb.2020.618891
https://doi.org/10.3389/fpubh.2021.711616
https://doi.org/10.3389/fimmu.2021.686029
https://doi.org/10.1038/s41598-021-95565-8
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yuan et al. 10.3389/fpubh.2023.1112383

11. Maglietta G, Diodati F, Puntoni M, Lazzarelli S, Marcomini B, Patrizi L, et al.
Prognostic factors for post-COVID-19 syndrome: a systematic review and meta-analysis.
J Clin Med. (2022) 11:1541. doi: 10.3390/jcm11061541

12. Petersen EL, Goßling A, Adam G, Aepfelbacher M, Behrendt CA, Cavus E,
et al. Multi-organ assessment in mainly non-hospitalized individuals after SARS-CoV-
2 infection: The Hamburg City Health Study COVID programme. Eur Heart J. (2022)
43:1124–37. doi: 10.1093/eurheartj/ehab914

13. Pérez-González A, Araújo-Ameijeiras A, Fernández-Villar A, Crespo M,
Poveda E. Long COVID in hospitalized and non-hospitalized patients in a
large cohort in Northwest Spain, a prospective cohort study. Sci Rep. (2022)
12:3369. doi: 10.1038/s41598-022-07414-x

14. Rass V, Beer R, Schiefecker AJ, Kofler M, Lindner A, Mahlknecht P,
et al. Neurological outcome and quality of life 3 months after COVID-19: A
prospective observational cohort study. European journal of neurology. (2021) 28:3348–
59. doi: 10.1111/ene.14803

15. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ
(Clin Res Ed). (2021) 372:n71. doi: 10.1136/bmj.n71

16. Horsley T, Dingwall O, Sampson M. Checking reference lists to find
additional studies for systematic reviews. Cochr Database Syst Rev. (2011)
2011:Mr000026. doi: 10.1002/14651858.MR000026.pub2

17. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. (2010)
25:603–5. doi: 10.1007/s10654-010-9491-z

18. Vai B, Mazza MG, Colli CD, Foiselle M, Allen B, Benedetti F, et al. Mental
disorders and risk of COVID-19-related mortality, hospitalisation, and intensive care
unit admission: a systematic review and meta-analysis. Lancet Psychiatry. (2021) 8:797–
812. doi: 10.1016/S2215-0366(21)00232-7

19. Groff D, Sun A, Ssentongo AE, Ba DM, Parsons N, Poudel GR, et al. Short-term
and long-term rates of postacute sequelae of SARS-CoV-2 infection: a systematic review.
JAMA network open. (2021) 4:e2128568. doi: 10.1001/jamanetworkopen.2021.28568

20. Carfì A, Bernabei R, Landi F. Persistent symptoms in patients after acute COVID-
19. JAMA. (2020) 324:603–5. doi: 10.1001/jama.2020.12603

21. NehmeM, Braillard O, Alcoba G, Aebischer Perone S, Courvoisier D, et al. COVID-
19 Symptoms: Longitudinal Evolution and Persistence in Outpatient Settings. Ann Intern
Med. (2021) 174:723–5. doi: 10.7326/M20-5926

22. Carvalho-Schneider C, Laurent E, Lemaignen A, Beaufils E, Bourbao-Tournois C,
Laribi S, et al. Follow-up of adults with noncritical COVID-19 twomonths after symptom
onset. Clin Microbiol Infect. (2021) 27:258–63. doi: 10.1016/j.cmi.2020.09.052

23. Blomberg B, Mohn KG-I, Brokstad KA, Zhou F, Linchausen DW, Hansen B-A,
et al. Long COVID in a prospective cohort of home-isolated patients. Nat Med. (2021)
27:1607–13. doi: 10.1038/s41591-021-01433-3

24. Goërtz YMJ, Van Herck M, Delbressine JM, Vaes AW, Meys R, Machado FVC,
et al. Persistent symptoms 3 months after a SARS-CoV-2 infection: the post-COVID-19
syndrome? ERJ Open Res. (2020) 6:00542–2020. doi: 10.1183/23120541.00542-2020

25. Peluso MJ, Kelly JD, Lu S, Goldberg SA, Davidson MC, Mathur S, et al. Rapid
implementation of a cohort for the study of post-acute sequelae of SARS-CoV-2
infection/COVID-19.medRxiv: Preprint Server Health Sciences (2021).

26. Menges D, Ballouz T, Anagnostopoulos A, Aschmann HE, Domenghino
A, Fehr JS, et al. Burden of post-COVID-19 syndrome and implications for
healthcare service planning: A population-based cohort study. PLoS ONE. (2021)
16:e0254523. doi: 10.1371/journal.pone.0254523

27. Abdallah SJ, Voduc N, Corrales-Medina VF, et al. Symptoms, pulmonary function,
and functional capacity four months after COVID-19. Ann Am Thorac Soc. (2021)
18:1912–7. doi: 10.1513/AnnalsATS.202012-1489RL

28. Jacobson KB, Rao M, Bonilla H, Subramanian A, Hack I, Madrigal M, et al.
Patients with uncomplicated coronavirus disease 2019 (COVID-19) have long-term
persistent symptoms and functional impairment similar to patients with severe COVID-
19: a cautionary tale during a global pandemic. Clin Infect Dis. (2021) 73:e826–
9. doi: 10.1093/cid/ciab103

29. Logue JK, Franko NM, McCulloch DJ, McDonald D, Magedson A, Wolf CR, et al.
Sequelae in adults at 6 months after COVID-19 infection. JAMA network open. (2021)
4:e210830. doi: 10.1001/jamanetworkopen.2021.0830

30. Castanares-Zapatero D, Chalon P, Kohn L, Dauvrin M, Detollenaere J, de
Noordhout CM, et al. Pathophysiology and mechanism of long COVID: a comprehensive
review. Ann Med. (2022) 54:1473–87. doi: 10.1080/07853890.2022.2076901

31. Sudre CH, Murray B, Varsavsky T, Graham MS, Penfold RS, Bowyer
RC, et al. Attributes and predictors of long COVID. Nat Med. (2021) 27:626–
31. doi: 10.1038/s41591-021-01292-y

32. Mandal S, Barnett J, Brill SE, Brown JS, Denneny EK, Hare SS, et al.
“Long-COVID”: a cross-sectional study of persisting symptoms, biomarker and
imaging abnormalities following hospitalisation for COVID-19. Thorax. (2021) 76:396–
8. doi: 10.1136/thoraxjnl-2020-215818

33. Vijayakumar B, Tonkin J, Devaraj A, Philip KEJ, Orton CM, Desai SR, et al. CT lung
abnormalities after COVID-19 at 3 months and 1 year after hospital discharge. Radiology.
(2022) 303:444–54. doi: 10.1148/radiol.2021211746

34. Torres-Castro R, Vasconcello-Castillo L, Alsina-Restoy X, Solis-Navarro L,
Burgos F, Puppo H, et al. Respiratory function in patients post-infection by
COVID-19: a systematic review and meta-analysis. Pulmonology. (2021) 27:328–
37. doi: 10.1016/j.pulmoe.2020.10.013

35. Safont B, Tarraso J, Rodriguez-Borja E, Fernández-Fabrellas E, Sancho-Chust JN,
Molina V, et al. Lung function, radiological findings and biomarkers of fibrogenesis
in a cohort of COVID-19 patients six months after hospital discharge. Archivos de
Bronconeumología. (2022) 58:142–9. doi: 10.1016/j.arbres.2021.08.014

36. Daines L, Zheng B, Pfeffer P, Hurst JR, Sheikh A. A clinical review of long-
COVID with a focus on the respiratory system. Curr Opin Pulm Med. (2022) 28:174–
9. doi: 10.1097/MCP.0000000000000863

37. Bretas DC, Leite AS,Mancuzo EV, Prata TA, Andrade BH, Oliveira JdGF, et al. Lung
function six months after severe COVID-19: Does time, in fact, heal all wounds? Braz J
Infect Dis. (2022) 26:102352. doi: 10.1016/j.bjid.2022.102352

38. Grist JT, ChenM, Collier GJ, Raman B, Abueid G,McIntyre A, et al. Hyperpolarized
(129)Xe MRI Abnormalities in Dyspneic Patients 3 Months after COVID-19 Pneumonia:
Preliminary Results. Radiology. (2021) 301:E353–e360. doi: 10.1148/radiol.2021210033

39. Sampaio Rocha-Filho PA, Albuquerque PM, Carvalho L, Dandara Pereira
Gama M, Magalhães JE. Headache, anosmia, ageusia and other neurological
symptoms in COVID-19: a cross-sectional study. J Headache Pain. (2022)
23:2. doi: 10.1186/s10194-021-01367-8

40. Nielsen KJ, Vestergaard JM, Schlünssen V, Bonde JP, Kaspersen KA, Biering K,
et al. Day-by-day symptoms following positive and negative PCR tests for SARS-CoV-2
in non-hospitalized healthcare workers: A 90-day follow-up study. Int J Infect Dis. (2021)
108:382–90. doi: 10.1016/j.ijid.2021.05.032

41. Silva Andrade B, Siqueira S, de Assis Soares WR, et al. Long-COVID and
post-COVID health complications: an up-to-date review on clinical conditions and
their possible molecular mechanisms. Viruses. (2021) 13:700. doi: 10.3390/v130
40700

42. Premraj L, Kannapadi NV, Briggs J, Seal SM, Battaglini D, Fanning J, Suen J,
Robba C, Fraser J, Cho SM. Mid and long-term neurological and neuropsychiatric
manifestations of post-COVID-19 syndrome: A meta-analysis. J Neurol Sci. (2022)
434:120162. doi: 10.1016/j.jns.2022.120162

43. Graham EL, Clark JR, Orban ZS, Lim PH, Szymanski AL, Taylor C, et al.
Persistent neurologic symptoms and cognitive dysfunction in non-hospitalized Covid-
19 “long haulers”. Ann Clin Transl Neurol. (2021) 8:1073–85. doi: 10.1002/acn3.
51350

44. Mazza MG, Palladini M, De Lorenzo R, Magnaghi C, Poletti S,
Furlan R, et al. Persistent psychopathology and neurocognitive impairment
in COVID-19 survivors: Effect of inflammatory biomarkers at three-month
follow-up. Brain Behav Immun. (2021) 94:138–47. doi: 10.1016/j.bbi.2021.
02.021

45. Cha C, Baek G. Symptoms and management of long
COVID: A scoping review. J Clin Nurs. (2021). doi: 10.1111/jocn.
16150

46. Galván-Tejada CE, Herrera-García CF, Godina-González S, Villagrana-Bañuelos
KE, Amaro JDD, Herrera-García K, et al. Persistence of COVID-19 Symptoms
after Recovery in Mexican Population. Int J Environ Res Public Health. (2020)
17:9367. doi: 10.3390/ijerph17249367

47. Kamal M, Abo Omirah M, Hussein A, Saeed H. Assessment and characterisation
of post-COVID-19 manifestations. Int J Clin Pract. (2021) 75:e13746. doi: 10.1111/ijcp.
13746

48. Islam MS, Ferdous MZ, Islam US, Mosaddek ASM, Potenza MN, Pardhan S.
Treatment, Persistent Symptoms, and Depression in People Infected with COVID-19
in Bangladesh. Int J Environ Res Public Health. (2021) 18:1453. doi: 10.3390/ijerph180
41453

49. Kucuk A, Cumhur Cure M, Cure E. Can COVID-19 cause myalgia with
a completely different mechanism? A hypothesis. Clin Rheumatol. (2020) 39:2103–
4. doi: 10.1007/s10067-020-05178-1

50. Thuangtong R, Angkasekwinai N, Leeyaphan C, Triwongwaranat D, Thanomkitti
K, Munprom K, et al. Patient recovery from COVID-19 infections: follow-up of hair, nail,
and cutaneousmanifestations. Biomed Res Int. (2021) 2021:5595016. doi: 10.1155/2021/55
95016

51. Goren A, Vano-Galvan S, Wambier CG, McCoy J, Gomez-Zubiaur A, Moreno-
Arrones OM, et al. A preliminary observation: Male pattern hair loss among
hospitalized COVID-19 patients in Spain-A potential clue to the role of androgens
in COVID-19 severity J Cosmet Dermatol. (2020) 19:1545–7. doi: 10.1111/jocd.
13443

52. Sunada N, Honda H, Nakano Y, Yamamoto K, Tokumasu K, Sakurada Y,
et al. Hormonal trends in patients suffering from long COVID symptoms. Endocr J.
(2022). doi: 10.1507/endocrj.EJ22-0093

Frontiers in PublicHealth 10 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1112383
https://doi.org/10.3390/jcm11061541
https://doi.org/10.1093/eurheartj/ehab914
https://doi.org/10.1038/s41598-022-07414-x
https://doi.org/10.1111/ene.14803
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1002/14651858.MR000026.pub2
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1016/S2215-0366(21)00232-7
https://doi.org/10.1001/jamanetworkopen.2021.28568
https://doi.org/10.1001/jama.2020.12603
https://doi.org/10.7326/M20-5926
https://doi.org/10.1016/j.cmi.2020.09.052
https://doi.org/10.1038/s41591-021-01433-3
https://doi.org/10.1183/23120541.00542-2020
https://doi.org/10.1371/journal.pone.0254523
https://doi.org/10.1513/AnnalsATS.202012-1489RL
https://doi.org/10.1093/cid/ciab103
https://doi.org/10.1001/jamanetworkopen.2021.0830
https://doi.org/10.1080/07853890.2022.2076901
https://doi.org/10.1038/s41591-021-01292-y
https://doi.org/10.1136/thoraxjnl-2020-215818
https://doi.org/10.1148/radiol.2021211746
https://doi.org/10.1016/j.pulmoe.2020.10.013
https://doi.org/10.1016/j.arbres.2021.08.014
https://doi.org/10.1097/MCP.0000000000000863
https://doi.org/10.1016/j.bjid.2022.102352
https://doi.org/10.1148/radiol.2021210033
https://doi.org/10.1186/s10194-021-01367-8
https://doi.org/10.1016/j.ijid.2021.05.032
https://doi.org/10.3390/v13040700
https://doi.org/10.1016/j.jns.2022.120162
https://doi.org/10.1002/acn3.51350
https://doi.org/10.1016/j.bbi.2021.02.021
https://doi.org/10.1111/jocn.16150
https://doi.org/10.3390/ijerph17249367
https://doi.org/10.1111/ijcp.13746
https://doi.org/10.3390/ijerph18041453
https://doi.org/10.1007/s10067-020-05178-1
https://doi.org/10.1155/2021/5595016
https://doi.org/10.1111/jocd.13443
https://doi.org/10.1507/endocrj.EJ22-0093
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Post-acute COVID-19 symptom risk in hospitalized and non-hospitalized COVID-19 survivors: A systematic review and meta-analysis
	1. Introduction
	2. Materials and methods
	2.1. Literature search
	2.2. Inclusion and exclusion criteria
	2.3. Literature screening
	2.4. Data extraction
	2.5. Quality assessment
	2.6. Statistical analysis

	3. Results
	3.1. Study selection
	3.2. Study characteristics
	3.3. PACS risk among Hospitalized vs. non-hospitalized COVID-19 survivors
	3.3.1. Any persistent symptom risk
	3.3.2. General symptom risk (fatigue)
	3.3.3. Respiratory symptoms risk (dyspnea, cough, and chest pain)
	3.3.4. Neurological symptoms risk (headache, sleep disorder, ageusia, anosmia, anxiety, and depression)
	3.3.5. Other symptoms risk (myalgia and hair loss)

	3.4. Sensitivity analysis and publication bias

	4. Discussion
	5. Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


