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Abstract: Evidence shows that a substantial proportion of patients with COVID-19 experiences
long-term consequences of the disease, but the predisposing factors are poorly understood. We
conducted a systematic review and meta-analysis to identify factors present during COVID-19
hospitalization associated with an increased risk of exhibiting new or persisting symptoms (Post-
COVID-19 Syndrome, PCS). MedLine and WebOfScience were last searched on 30 September 2021.
We included English language clinical trials and observational studies investigating prognostic factors
for PCS in adults previously hospitalized for COVID-19, reporting at least one individual prospective
follow-up of minimum 12 weeks. Two authors independently assessed risk of bias, which was judged
generally moderate. Risk factors were included in the analysis if their association with PCS was
investigated by at least two studies. To summarize the prognostic effect of each factor (or group of
factors), odds ratios were estimated using raw data. Overall, 20 articles met the inclusion criteria,
involving 13,340 patients. Associations were statistically significant for two factors: female sex with
any symptoms (OR 1.52; 95% CI 1.27–1.82), with mental health symptoms (OR 1.67, 95% CI 1.21–2.29)
and with fatigue (OR 1.54, 95% CI 1.32–1.79); acute disease severity with respiratory symptoms
(OR 1.66, 95% CI 1.03–2.68). The I2 statistics tests were calculated to quantify the degree of study
heterogeneity. This is the first meta-analysis measuring the association between factors present
during COVID-19 hospitalization and long-term sequelae. The role of female sex and acute disease
severity as independent prognostic factors must be confirmed in robust longitudinal studies with
longer follow-up. Identifying populations at greatest risk for PCS can enable the development
of targeted prevention and management strategies. Systematic review registration: PROSPERO
CRD42021253467.

Keywords: long COVID; post-COVID-19 syndrome; prognostic factors; risk factors; meta-analysis

1. Introduction

As the global COVID-19 pandemic progresses, it is becoming evident that a proportion
of patients experiences multi-organ symptoms and complications lasting weeks or months
after the acute phase of the disease. A systematic review and meta-analysis of 15 studies
and a total of 47,910 patients [1] measured the prevalence of more than 50 persistent and
new patient-reported symptoms, including chronic cough, shortness of breath, chest tight-
ness, cognitive dysfunction and extreme fatigue. In another systematic review of 57 studies
comprising more than 250,000 survivors of COVID-19 [2], more than half experienced
post-acute sequelae six months after recovery. The implications and consequences of such
ongoing clinical manifestations, often referred to as long COVID, are a growing concern for
health, and represent a major challenge for health care systems. This makes it of paramount
importance to understand the factors predisposing the development of long-term con-
sequences, enabling us to identify vulnerable individuals and help health authorities to
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prepare for early screening and diagnosis, as well as to establish proper facilities to care
for their needs. For clinicians, identifying populations at greatest risk for long COVID will
facilitate the timely provision of appropriate interventions and support, with whole-patient
perspectives aimed at reducing morbidity and improving outcomes [1,3]. Despite the
crucial importance of understanding the risk factors for COVID-19 sequelae, the literature
so far has mainly focused on the prevalence of persistent signs and symptoms. Some
literature reviews mention prognostic aspects [4–9], but mainly as narrative descriptions
without data synthesis, and including heterogeneous studies (considering different popula-
tions, e.g., with and without prior COVID-19 hospitalization, and with different follow-up
durations). We therefore carried out this systematic review and meta-analysis to identify,
in patients who had been hospitalized for COVID-19, which factors already present or
emerging during hospitalization, were associated with an increased risk of exhibiting new
or persisting symptoms.

In this review, we will refer to Post-COVID-19 Syndrome (PCS) to mean “signs and
symptoms that develop during or after an infection consistent with COVID-19, continue for
more than 12 weeks and are not explained by an alternative diagnosis”, as defined by the
National Institute for Care and Excellence (NICE) in its “COVID-19 rapid guideline” [10].

2. Materials and Methods

Before conducting this work, in April 2021, the PROSPERO database [11] was searched
to identify any existing review on the subject to avoid replication, but none was found. This
review was designed and conducted following the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines [12], and the indications of Riley et al.
specific to systematic reviews and the meta-analysis of prognostic factor studies [13]. The
protocol was registered with PROSPERO (CRD42021253467) on 14 May 2021.

2.1. Search Strategy

Studies were identified by searching the MEDLINE database using the PubMed
platform, and Web Of Science Clarivate, with no date restriction. The search was first
performed on 20 July 2021 on PubMed, and then rerun on September 30th on both databases.
A backwards snowball search of the references of systematic reviews was also conducted.
The full search terms and notes on strategy development are given in the online Appendix
(Supplemental Table S1).

2.2. Eligibility Criteria

Study eligibility: clinical trials and observational studies (cohort studies, case control,
cross-sectional studies, historic cohort studies) were considered. We excluded reviews,
editorials, commentaries, methodological articles, letters to editors, and case reports, along
with duplicates/replicates of studies. To be included, studies had to investigate prognostic
factors for PCS in consecutive samples of adult patients, reporting at least one individual
prospective follow-up at 12 weeks or later. The minimum follow-up length allowed us to
exclude the short-term effects of the disease.

Population eligibility: the review concerned adult patients discharged after having
been hospitalized for COVID-19. Research on individuals admitted to an Emergency
Department but not to a hospital ward was not considered. This criterion was applied
in order to identify risk factors present during hospitalization which may be promptly
recognized and used for care decisions. Studies of minors were excluded because at the
time this review was conducted they made up a small proportion of COVID-19-affected
individuals. Only publications in the English language were reviewed.

2.3. Selection Process

Two reviewers independently performed initial title and abstract screening for rel-
evance to the review, using the Rayyan platform [14]. Publications not dealing with
PCS or clearly stating that follow-up was less than 12 weeks were excluded at this stage.
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Next, two reviewers independently examined the full texts of the screened publications
and performed the study selection. At this stage, reviewers ascertained the presence of:
(1) individual follow-up of at least 12 weeks to detect signs and symptoms attributable to
COVID-19; (2) the analysis of prognostic factors present or emerged during hospitalization,
preferably included in a multivariate model. Any disagreements were resolved by a third,
independent, reviewer.

2.4. Data Extraction

Data items that were extracted included: title and first author, study design, objectives,
mono- or multi-center, patient characteristics, number of included patients, follow-up
mode, follow-up length, sequelae and symptoms of PCS, risk factors, estimates of the
prognostic effect, and measures of variability. Information was extracted by two reviewers
using a Microsoft Excel form. Discrepancies were resolved through discussion and, when
necessary, by involving a third reviewer. Some study investigators were contacted when
data confirmation was needed. Once data were extracted, the two reviewers assessed the
applicability of each study in the review, with any discrepancies resolved by the third
reviewer. Applicability refers to the extent to which a selected study matched the review
question in terms of the population, timing, prognostic factors, and outcomes of interest [13].
Because of the heterogeneity in prognostic factor studies, more deviations from the defined
question are possible (far greater than what is typically encountered during the selection of
randomized intervention studies) [13].

2.5. Risk of Bias Assessment

The risk of bias (methodological quality) in the included studies was assessed using
the QUIPS tool (Quality in Prognosis Studies) [15] which is recommended by the Cochrane
Prognosis Methods Group, has been used in several reviews [16–18] and has acceptable
inter-rater reliability. The QUIPS checklist appraises six domains: study participation,
study attrition, prognostic factor measurement, outcome measurement, adjustment for
other prognostic factors, and statistical analysis and reporting. Risk of bias is scored as
low, moderate or high. Two reviewers independently applied the tool to each included
study, recording the supporting information and justifications for judgment of risk of bias
for each domain. Doubts were resolved through discussion. We assessed risk of bias for the
study overall, rather than separately by outcome measure. Studies were judged as having
an overall low risk of bias if all the six domains had been rated as low.

2.6. Data Synthesis

To summarize the prognostic effect of each factor (or group of factors) of interest, the
odds ratios were estimated using raw data. A meta-analysis of adjusted results was not
possible because included studies were exploratory, i.e., aimed at identifying associations
between a number of potential prognostic factors and a set of outcomes [19]. Furthermore,
most studies used different methods of measurement and categorization for prognostic
factors and outcomes and various sets of adjustment factors, and did not report a multi-
variable analysis. We decided to perform a meta-analysis, in spite of these limitations, to
provide hypothesis-generating evidence indicative of a potential association between a
prognostic factor and an outcome [19].

We performed random-effects meta-analyses using the Paule and Mandel method
for the estimation of between-study variance [20,21]. The confidence intervals of the
overall effects of prognostic factors on PCS were adjusted applying the Hartung-Knapp-
Sidik-Jonkman (HKSJ) approach [13,22–24] to account for the uncertainty in the variance
estimates. The I2 statistics tests were calculated to quantify the degree of study heterogene-
ity [25]. The I2 value to establish either low or high heterogeneity was 30%. The level of
significance was set at p < 0.050.

We performed subgroup analyses to explore the causes of heterogeneity for outcomes
composed by multiple symptoms. Furthermore, although we planned to assess publication



J. Clin. Med. 2022, 11, 1541 4 of 15

bias for each meta-analysis including ≥10 studies by funnel plot representation and a
Peter’s test at a 10% level, none of them met this criterion.

Data were processed using R statistical software (R: a language and environment for
statistical computing.The R Foundation for Statistical Computing, Vienna, Austria), v. 4.0.3,
with the meta and metasens packages [26].

2.7. Patient and Public Involvement

Patients and the public were not involved in this research.

3. Results
3.1. Study Selection

A total of 1614 articles were retrieved from the two databases and uploaded into
the Rayyan platform. Duplicates and ineligible publication types according to above-
mentioned criteria (995 records) were excluded automatically. Title and abstract screening
of the remaining 619 records identified 117 potentially eligible articles, which under-
went full text review. A total of 97 studies were excluded following the applicability
assessment (Figure 1) and twenty studies were eventually included in the review and
meta-analysis [27–46].
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No additional paper was manually identified from the reference lists of the systematic
reviews. A total of 14 studies were identified by the first PubMed search on July 20th
[27,28,31–36,38,39,41–44], and six were identified by the search rerun on September 30th
[29,30,37,40,45,46].

A flow diagram depicting the selection process is provided in Figure 1.
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3.2. Study Characteristics

The characteristics of the 20 included studies are shown in Table 1. In total, 13,340 patients
were considered, of whom 6213/13,051 (47.6% in 19 studies) were women. Most stud-
ies were set in Europe (11/20, 55%) [27–32,36–38,40,42], followed by China (8/20, 40%)
[33–35,39,43–46], while one study was conducted in South America [41]. Nine of the twenty
studies were multicenter [28–30,32,37–39,45,46]. The majority were ambidirectional, con-
cerning patient cohorts or case series, where data relating to the acute phase (risk factors)
were collected retrospectively, and the presence of PCS (outcome) was recorded prospec-
tively. Eight of twenty studies [28,29,31,32,34,41,43,44] had a longitudinal design with one
or more follow-up time points. Follow-up was conducted through outpatient visits in ten
studies [28,29,31–35,42,43,46], and through telephone interviews in nine [27,30,36,37,39–41,44,45];
only one study used both modalities [38].

3.3. Quality of Included Studies

Using the QUIPS tool, 11 studies [27–29,31,34,35,41,42,44–46] scored high in at least
one domain, and nine [30,32,33,36–40,43] scored moderate in at least one domain (Supple-
mental Table S2). The most frequent high risk of bias, detected in ten of the twenty articles,
concerned study attrition: i.e., the representativeness of participants with follow-up-data
with respect to those enrolled in the study (selection bias).

3.4. Factors Associated with PCS Risk

Risk factors were included in the analysis if their association with PCS was investigated
by at least two studies. Given the large heterogeneity between studies concerning the
investigated associations and the small sample sizes, we decided to focus our analysis on
the most commonly reported predictors (i.e., sex and disease severity during the acute
phase), and, consequently, only on the considered outcomes: any symptoms, respiratory
symptoms, mental health symptoms, fatigue. All 20 studies contributed at least once
to the estimate of the association between risk factor and outcome. Regarding severity,
we considered any study which classified patients according to severity of COVID-19
during hospitalization from national or international classification systems, to symptom
characteristics and length of stay, to ICU use (Supplemental Table S3), although the criteria
used varied greatly.

The results of the meta-analysis are shown in Figures 2–7.

3.4.1. Any Symptoms

For this outcome (Figure 2), the association with sex was investigated by eight out
of 20 studies [29,31–33,37–39,45], including 9421/13,340 (70.6%) patients, 47.7% female
(4494/9421). The occurrence of any symptoms was 56.3% in women (2531/4494) and 45.5%
in men (2241/4927). All studies reported an OR > 1 for female sex (range 1.15–2.00), and
the overall OR was statistically significant (OR 1.52; 95% CI 1.27–1.82).
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Table 1. Characteristics of included studies.

First Author Study Design Country
Covid

Patients
Included, No

Age (Years) Sex (% Female) Follow-Up Length Follow-Up Mode

Bellan et al. [27] Ambidirectional study, single
center Italy 238 Median (IQR): 61 (50–71) 96 (40.3%) 3–4 months after discharge Telephone interview and

outpatient visit

Blanco et al. [28] Longitudinal, prospective
study, multicenter Spain 100 >50 years: 69 (69%) 36 (36%) Median (IQR): 104

(89.25–126.75) after onset Outpatient visit

Eloy et al. [29] Longitudinal, prospective
study, multicenter France 324 Median (IQR): 61 (52–69) 119 (37%) 6 months after discharge Outpatient visit

Fernández-de-Las-Peñas et al. [30] Ambidirectional study,
multicenter Spain 1142 Mean (SD): 61 + 17 548 (48%) 7 months after discharge Telephone interview

García-Abellán et al. [31] Longitudinal, prospective
study, single center Spain 146 Median (IQR): 64 (54–76) 58 (40%) 6 months after discharge Outpatient visit

Ghosn et al. [32] Longitudinal, prospective
study, multicenter France 1137 Median (IQR): 61 (51–71) 424 (37%) 6 months after admission Outpatient visit

Huang et al. [33] Ambidirectional study, single
center China 1733 Median (IQR): 57 (47–65) 836 (48%) Median (IQR): 186 (175–199)

days after onset Outpatient visit

Li et al. [34] Longitudinal, prospective
study, single center China 289 Not available Not available From 90 to 150 days after

onset Outpatient visit

Liang et al. [35] Ambidirectional study, single
center China 76 Mean (SD): 41.3 ± 13.8 55 (72%) 3 months after discharge Outpatient visit

Meije et al. [36] Ambidirectional study, single
center Spain 302 Mean (SD): 68.8 (12.7) 131 (43%) 7 months after discharge Telephone interview

Munblit et al. [37] Ambidirectional study,
multicenter Russia 2649 Median (IQR): 56 (46–66) 1353 (51.1%) 6–8 months after discharge Telephone interview

Romero-Duarte et al. [38] Ambidirectional study,
multicenter Spain 797 Mean (SD): 63 (14.4) 369 (46.3%) 6 months after discharge Outpatient visit and

Telephone interview

Shang et al. [39] Ambidirectional study,
multicenter China 796 Median (IQR): 62 (51–69) 392 (49.2%) 6 months after discharge Telephone interview

Tarsitani et al. [40] Ambidirectional study, single
center Italy 115 Median (IQR): 57 (48–66) 67 (58%) 3 months after discharge Phone interview
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Table 1. Cont.

First Author Study Design Country
Covid

Patients
Included, No

Age (Years) Sex (% Female) Follow-Up Length Follow-Up Mode

Todt et al. [41] Longitudinal, prospective
study, single center Brazil 251 Mean (SD): 53.6 (+14.9) 101 (40.2%) 3 months after discharge Telephone interview

van den Borst et al. [42] Ambidirectional study, single
center

The
Netherlands 97 Not available 31 (32%) Mean (SD): 13 (2.2) weeks

after onset Outpatient visit

Wu et al. [43] Longitudinal, prospective
study, single center China 83 Median (IQR): 60 (52–66) 36 (43%) 3, 6, 9, and 12 months after

discharge Outpatient visit

Xiong et al. [44]
Longitudinal, prospective,

controlled study, single
center

China 538 Median (IQR): 52 (41–62) 293 (54.5%) Median (IQR): 97 (95–102)
days after discharge Telephone interview

Zhang et al. [45] Ambidirectional study,
multicenter China 2433 Median (IQR): 60 (49–68) 1228 (50.5%) 1 year after discharge Telephone interview

Zhao et al. [46] Ambidirectional study,
multicenter China 94 Mean 48.11 40 (42.55%) 1 year after discharge Outpatient visit
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3.4.2. Respiratory Symptoms

The association of at least one respiratory outcome with sex (Figure 3) was investi-
gated by twelve of twenty studies [27,28,30,33–35,37–39,43–45] including 10,874/13,340
(81.5%) patients. Romero-Duarte et al. [38] contributed to six different respiratory outcomes,
Zhang et al. [45] contributed to four, Shang et al. [39] contributed to three, Huang et al. [33]
contributed to two, and the remaining [27,28,30,34,35,37,43,44] to one. Two studies [37,38]
investigated any respiratory symptoms, while the remaining studies analyzed specific
symptoms, such as dyspnea, cough and shortness of breath. Five studies found a statistically
significant association, of which one [44] was found with male sex, and four [27,30,37,43]
were found with female sex. Considering individual symptoms, Diffusing Lung Capacity
for Carbon Monoxide (DLCO) less than 80% and sore throat exhibited a large OR close to
statistical significance (OR 2.28, 95% CI 0.99–5.27 and OR 1.40, 95% CI 0.94–2.07, respec-
tively). The overall analysis, though characterized by substantial statistical heterogeneity
(I2 65%, p < 0.01), confirmed a tendency towards significance for the association between
respiratory symptoms and female sex (OR 1.20, 95% CI 1.00–1.45). The subgroup analysis
confirmed high heterogeneity (I2 30–87%) for all individual symptoms, except for sore
throat.

Figure 4 shows the associations with acute disease severity explored by nine of the
twenty studies (45%) [27,28,34–36,39,42,44,46], on 2530/13340 (19%) patients. Two stud-
ies [36,39] examined cough, five [27,28,35,42,46] examined DLCO, and the remaining [34,44]
examined other respiratory symptoms. In the subgroup analysis, cough and DLCO were
statistically significantly associated (OR 1.78, 95% CI 1.05–3.03; OR 2.05, 95% CI 1.06–3.96,
respectively) with acute disease severity (severe or critical). The pooled estimate was also
statistically significant (OR 1.66, 95% CI 1.08–2.57), although it exhibited high heterogeneity
(I2 71%).

3.4.3. Mental Health Symptoms

Seven studies (35%) with 6383/13,340 (47.9%) patients [27,33,38–41,45] included in
the review examined the influence of sex on mental health, as shown in Figure 5. The
overall analysis showed the unfavorable effect of female sex (OR 1.67, 95% CI 1.21–2.29).
The subgroup analysis highlighted the weight of the individual symptom anxiety, which
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investigated by three studies [38,41,45] including a total of 1693/3465 women (48.9%), and
which was statistically influenced by being female (OR 1.95, 95% CI 1.52–2.49), with low
heterogeneity between studies (I2 8%).

3.4.4. Fatigue

We found seven large studies (35%) [30,33,37–39,44,45], including 10,088/13,340
(75.6%) eligible patients which examined the influence of female sex (4895/8724 women
included in the analysis, 56.1%). This association was statistically significant, with OR 1.54,
95% CI 1.32–1.79 (Figure 6).

As shown in Figure 7, acute disease severity had no statistically significant effect on
fatigue, although with OR of 1.23 (95% CI 0.73–2.07). This association was investigated by
four of the twenty (25%) studies [39,44–46] including 3861/13,340 patients (28.9%).

4. Discussion
4.1. Main Findings

Our meta-analysis of 20 studies and 13,340 patients found that two factors, being
female and having a severe clinical picture during hospitalization, increased the risk of
PCS. These results should be interpreted with caution, as they were obtained by pooling
crude estimates, and thus need further verification. While the association with acute
disease severity can be explained more easily, the influence of female sex requires further
investigation, especially in consideration of the opposite influence found during the acute
phase. In fact, a recent meta-analysis of 55 studies [47] found that males were more likely
to be infected with COVID-19 and go into serious condition (OR = 2.41, p < 0.00001) than
females, confirming what emerged from previous reviews [48,49]. Proposed explanations
for these differences include the protective effect of the X chromosome and sex hormones,
which play an important role in innate and adaptive immunity, and the stronger IgG
antibody production found in early-stage women [47,50]. Other hypothesized reasons are
related to the higher mortality of males during the acute phase. As cautioned by Di Toro and
colleagues [51], the estimates concerning long COVID do not reflect the epidemiology of
COVID-19, but only that relating to COVID-19 survivors, thus excluding the high number
of deceased patients, mainly older males.

4.2. Strengths and Weaknesses of the Study

To our knowledge, this is the first systematic review and meta-analysis measuring
the association between factors present during COVID-19 hospitalization and long-term
sequelae. Other reviews of the literature mentioning risk factors for PCS have as their
main question the measure of prevalence, and they summarize the potential prognostic
factors only in a narrative way, without making a pooled estimate of the effects [4–9]. This
meta-analysis was carried out following existing recommendations [13,15]. In particular,
we performed the HKSJ procedure, which yields a wider and more rigorous confidence
interval, and used a validated tool to examine each study’s risk of bias.

The studies were generally of moderate quality. The most frequent problem was
related to possible selection errors due to large numbers of people lost to follow-up and/or
the lack of comparison between participants and non-participants. Half of the examined
studies were conducted in one center only, none indicated a priori sample size calculation,
and identification of prognostic factors was almost always a secondary objective. Notably,
only one study [44] used a control group. These observations seem to confirm the less-than
ideal quality levels of much of COVID-19 research, which is often performed in challenging
conditions of urgency [52].

Heterogeneity represents another important limitation of the evidence analyzed in
this paper. The wide range of considered risk factors and the use of different definitions,
classifications and measurement tools for detecting the same symptoms forced us to exclude
some outcomes and risk factors of potential interest from the meta-analysis. In any case, for
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the included studies, heterogeneity was addressed by applying the random-effects model
and the Hartung-Knapp correction [24].

Other limitations of this work should be acknowledged. Firstly, we realize that relevant
papers may have been missed due to the difficulty of identifying prognostic studies. In
fact, compared to randomized trials of interventions, prognostic studies do not tend to be
indexed (“tagged”) because a taxonomy of prognosis research is not widely recognized,
and there is much more variation in their design [13]. To minimize this problem, our search
strategy was constructed using published approaches designed to retrieve specific types of
records (see online appendix in supplemental Table S1). Secondly, we restricted eligibility
to publications in English, which may have overlooked relevant publications written in
other languages.

4.3. Implications for Future Research

Our systematic review and meta-analysis offers information on a set of variables which
should be considered for prognostic factor selection in multivariable modeling in further
study designs. It also contributes to identifying knowledge gaps. The many limitations of
the current evidence found in this review emphasize the need for confirmatory prognosis
studies which test independent prognostic factors with longitudinal design and periodic (at
least six-monthly) prospective long-term follow-ups (at least for 3 years), of adequate size
for statistical analysis, with combined control groups. It is also necessary to standardize
how each sign and symptom of the PCS should be defined and measured in future research.
These studies should lead to the development of a predictive model used for the timely
identification on individuals at risk of long COVID, similar to the model explored by
Sudre et al. [53].

4.4. Implications for Clinical Practice

Since this work is exploratory in nature, it cannot provide indications for practice,
which should be based on robust, confirmatory research. It is becoming evident that
healthcare systems around the world will soon be overwhelmed by the need to provide long-
term care for COVID-19 survivors suffering from sequelae of the illness [6]. For a long time,
patients have been raising awareness of the persistent physical and psychosocial health
consequences of COVID-19, making heterogeneous and complex symptoms collectively
visible that were not commonly recognized by the scientific community [54]. To respond
effectively to patient needs and concerns, sound data are urgently needed to guide the
development of programs and infrastructures for the prevention and management of long
COVID. Knowing which types of populations are at greatest risk of long-term effects will
enable efforts to be aimed at the people who could ultimately benefit from them, thus
maximizing available resources.

5. Conclusions

This systematic review and meta-analyses indicates that female sex and acute disease
severity may predispose patients to long-term symptoms of COVID-19. Studies on this
topic exhibit multiple methodological issues, and large amount of variability exists between
studies in terms of considered risk factors, definitions, follow-up duration and modality,
etc. Rigorous research in this field should be encouraged, guided by specific scientific
recommendations, to help healthcare systems face the needs of the growing number of
individuals who may require long-term care after infection.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11061541/s1, Table S1: Search Strategy; Table S2: QUIPS
Assessment; Table S3: Acute Disease Severity.

https://www.mdpi.com/article/10.3390/jcm11061541/s1
https://www.mdpi.com/article/10.3390/jcm11061541/s1


J. Clin. Med. 2022, 11, 1541 13 of 15

Author Contributions: Conceptualization, C.C. and G.M.; methodology, C.C., G.M., F.D., M.P.;
validation, C.C. and G.M.; formal analysis G.M.; investigation, C.C., F.D., G.M., M.P.; data curation,
S.L., B.M., L.P.; writing—original draft preparation, C.C., F.D.; writing—review and editing, C.C., F.D.,
G.M., M.P.; visualization, G.M.; supervision, C.C. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article or supplementary material.

Acknowledgments: We are very grateful to Veronica Andrea Fittipaldo of the Istituto Mario Negri of
Milan for her support with the definition of bibliographic search strategies and the use of the Rayyan
platform.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lopez-Leon, S.; Wegman-Ostrosky, T.; Perelman, C.; Sepulveda, R.; Rebolledo, P.A.; Cuapio, A.; Villapol, S. More than 50

long-term effects of COVID-19: A systematic review and meta-analysis. Sci. Rep. 2021, 11, 16144. [CrossRef] [PubMed]
2. Groff, D.; Sun, A.; Ssentongo, A.E.; Ba, D.M.; Parsons, N.; Poudel, G.R.; Lekoubou, A.; Oh, J.S.; Ericson, J.E.; Ssentongo, P.; et al.

Short-term and long-term rates of postacute sequelae of SARS-CoV-2 infection: A systematic review. JAMA Netw. Open 2021, 4,
e2128568. [CrossRef] [PubMed]

3. Sigfrid, L.; Cevik, M.; Jesudason, E.; Lim, W.S.; Rello, J.; Amuasi, J.; Bozza, F.; Palmieri, C.; Munblit, D.; Holter, J.C.; et al. What is
the recovery rate and risk of long-term consequences following a diagnosis of COVID-19? A harmonised, global longitudinal
observational study protocol. BMJ Open 2021, 11, e043887. [CrossRef]

4. Crook, H.; Raza, S.; Nowell, J.; Young, M.; Edison, P. Long covid-mechanisms, risk factors, and management. BMJ 2021, 374,
n1648; Erratum in BMJ 2021, 374, n1944. [CrossRef]

5. Yong, S.J. Long COVID or post-COVID-19 syndrome: Putative pathophysiology, risk factors, and treatments. Infect. Dis. 2021, 53,
737–754. [CrossRef] [PubMed]

6. Akbarialiabad, H.; Taghrir, M.H.; Abdollahi, A.; Ghahramani, N.; Kumar, M.; Paydar, S.; Razani, B.; Mwangi, J.;
Asadi-Pooya, A.A.; Malekmakan, L.; et al. Long COVID, a comprehensive systematic scoping review. Infection 2021, 49,
1163–1186. [CrossRef]

7. Iqbal, F.M.; Lam, K.; Sounderajah, V.; Clarke, J.M.; Ashrafian, H.; Darzi, A. Characteristics and predictors of acute and chronic
post-COVID syndrome: A systematic review and meta-analysis. EClinicalMedicine 2021, 36, 100899. [CrossRef]

8. Michelen, M.; Manoharan, L.; Elkheir, N.; Cheng, V.; Dagens, A.; Hastie, C.; O’Hara, M.; Suett, J.; Dahmash, D.; Bugaeva, P.; et al.
Characterising long COVID: A living systematic review. BMJ Glob. Health 2021, 6, e005427. [CrossRef]

9. Nalbandian, A.; Sehgal, K.; Gupta, A.; Madhavan, M.V.; McGroder, C.; Stevens, J.S.; Cook, J.R.; Nordvig, A.S.; Shalev, D.;
Sehrawat, T.S.; et al. Post-acute COVID-19 syndrome. Nat. Med. 2021, 27, 601–615. [CrossRef]

10. National Institute for Health; Care Excellence. COVID-19 Rapid Guideline: Managing the Long-Term Effects of COVID-19. NICE
Guideline (NG188). 2020. Available online: https://www.nice.org.uk/guidance/ng188 (accessed on 29 November 2021).

11. International Prospective Register of Systematic Reviews (PROSPERO). PROSPERO. Available online: https://www.crd.york.ac.
uk/prospero/ (accessed on 29 November 2021).

12. Page, M.J.; Moher, D.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. PRISMA 2020 explanation and elaboration: Updated guidance and exemplars for reporting systematic
reviews. BMJ 2021, 372, n160. [CrossRef]

13. Riley, R.D.; Moons, K.G.M.; Snell, K.I.E.; Ensor, J.; Hooft, L.; Altman, D.G.; Hayden, J.; Collins, G.S.; Debray, T.P.A. A guide to
systematic review and meta-analysis of prognostic factor studies. BMJ 2019, 364, k4597. [CrossRef] [PubMed]

14. Rayyan–Intelligent Systematic Review. Available online: https://www.rayyan.ai/ (accessed on 29 November 2021).
15. Hayden, J.A.; van Der Windt, D.A.; Cartwright, J.L.; Côté, P.; Bombardier, C. Assessing bias in studies of prognostic factors. Ann.

Intern. Med. 2013, 158, 280–286. [CrossRef] [PubMed]
16. Dawes, A.J.; Maggard-Gibbons, M.; Maher, A.R.; Booth, M.J.; Miake-Lye, I.; Beroes, J.M.; Shekelle, P.G. Mental health conditions

among patients seeking and undergoing bariatric surgery: A meta-analysis. JAMA 2016, 315, 150–163. [CrossRef] [PubMed]
17. Lamberink, H.J.; Otte, W.M.; Geerts, A.T.; Pavlovic, M.; Ramos-Lizana, J.; Marson, A.G.; Overweg, J.; Sauma, L.; Specchio, L.M.;

Tennison, M.; et al. Individualised prediction model of seizure recurrence and long-term outcomes after withdrawal of antiepilep-
tic drugs in seizure-free patients: A systematic review and individual participant data meta-analysis. Lancet Neurol. 2017, 16,
523–531. [CrossRef]

18. Hayden, J.A.; Wilson, M.N.; Riley, R.D.; Iles, R.; Pincus, T.; Ogilvie, R. Individual recovery expectations and prognosis of outcomes
in non-specific low back pain: Prognostic factor review. Cochrane Database Syst. Rev. 2019, 25, CD011284. [CrossRef]

http://doi.org/10.1038/s41598-021-95565-8
http://www.ncbi.nlm.nih.gov/pubmed/34373540
http://doi.org/10.1001/jamanetworkopen.2021.28568
http://www.ncbi.nlm.nih.gov/pubmed/34643720
http://doi.org/10.1136/bmjopen-2020-043887
http://doi.org/10.1136/bmj.n1648
http://doi.org/10.1080/23744235.2021.1924397
http://www.ncbi.nlm.nih.gov/pubmed/34024217
http://doi.org/10.1007/s15010-021-01666-x
http://doi.org/10.1016/j.eclinm.2021.100899
http://doi.org/10.1136/bmjgh-2021-005427
http://doi.org/10.1038/s41591-021-01283-z
https://www.nice.org.uk/guidance/ng188
https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/
http://doi.org/10.1136/bmj.n160
http://doi.org/10.1136/bmj.k4597
http://www.ncbi.nlm.nih.gov/pubmed/30700442
https://www.rayyan.ai/
http://doi.org/10.7326/0003-4819-158-4-201302190-00009
http://www.ncbi.nlm.nih.gov/pubmed/23420236
http://doi.org/10.1001/jama.2015.18118
http://www.ncbi.nlm.nih.gov/pubmed/26757464
http://doi.org/10.1016/S1474-4422(17)30114-X
http://doi.org/10.1002/14651858.CD011284.pub2


J. Clin. Med. 2022, 11, 1541 14 of 15

19. Hayden, J.A.; Côté, P.; Steenstra, I.A.; Bombardier, C.; QUIPS-LBP Working Group. Identifying phases of investigation helps
planning, appraising, and applying the results of explanatory prognosis studies. J. Clin. Epidemiol. 2008, 61, 552–560. [CrossRef]

20. Veroniki, A.A.; Jackson, D.; Viechtbauer, W.; Bender, R.; Bowden, J.; Knapp, G.; Kuss, O.; Higgins, J.P.; Langan, D.; Salanti, G.
Methods to estimate the between-study variance and its uncertainty in meta-analysis. Res. Synth. Methods 2016, 7, 55–79.
[CrossRef]

21. Axfors, C.; Janiaud, P.; Schmitt, A.M.; Van’t Hooft, J.; Smith, E.R.; Haber, N.A.; Abayomi, A.; Abduljalil, M.; Abdulrahman, A.;
Acosta-Ampudia, Y.; et al. Association between convalescent plasma treatment and mortality in COVID-19: A collaborative
systematic review and meta-analysis of randomized clinical trials. BMC Infect. Dis. 2021, 21, 1170. [CrossRef]

22. IntHout, J.; Ioannidis, J.P.; Borm, G.F. The Hartung-Knapp-Sidik-Jonkman method for random effects meta-analysis is straight-
forward and considerably outperforms the standard DerSimonian-Laird method. BMC Med. Res. Methodol. 2014, 14, 25.
[CrossRef]

23. Brabaharan, S.; Veettil, S.K.; Kaiser, J.E.; Raja Rao, V.R.; Wattanayingcharoenchai, R.; Maharajan, M.; Insin, P.; Talungchit, P.;
Anothaisintawee, T.; Thakkinstian, A.; et al. Association of hormonal contraceptive use with adverse health outcomes: An
umbrella review of meta-analyses of randomized clinical trials and cohort studies. JAMA Netw. Open 2022, 5, e2143730. [CrossRef]

24. Partlett, C.; Riley, R.D. Random effects meta-analysis: Coverage performance of 95% confidence and prediction intervals following
REML estimation. Stat. Med. 2017, 36, 301–317. [CrossRef] [PubMed]

25. Higgins, J.P.; Thompson, S.G.; Deeks, J.J.; Altman, D.G. Measuring inconsistency in meta-analyses. BMJ 2003, 327, 557–560.
[CrossRef] [PubMed]

26. Schwarzer, G.; Carpenter, J.R.; Rücker, G. Metaanalysis with R; Springer: Berlin/Heidelberg, Germany, 2015; Volume 4784,
ISBN 978-3-319-21415-3.

27. Bellan, M.; Soddu, D.; Balbo, P.E.; Baricich, A.; Zeppegno, P.; Avanzi, G.C.; Baldon, G.; Bartolomei, G.; Battaglia, M.;
Battistini, S.; et al. Respiratory and psychophysical sequelae among patients with COVID-19 four months after hospital discharge.
JAMA Netw. Open 2021, 4, e2036142. [CrossRef]

28. Blanco, J.R.; Cobos-Ceballos, M.J.; Navarro, F.; Sanjoaquin, I.; Arnaiz de Las Revillas, F.; Bernal, E.; Buzon-Martin, L.; Viribay, M.;
Romero, L.; Espejo-Perez, S.; et al. Pulmonary long-term consequences of COVID-19 infections after hospital discharge. Clin.
Microbiol. Infect. 2021, 27, 892–896. [CrossRef]

29. Eloy, P.; Tardivon, C.; Martin-Blondel, G.; Isnard, M.; Turnier, P.L.; Marechal, M.L.; Cabié, A.; Launay, O.; Tattevin, P.;
Senneville, E.; et al. French COVID cohort study and investigators groups. Severity of self-reported symptoms and psychological
burden 6-months after hospital admission for COVID-19: A prospective cohort study. Int. J. Infect. Dis. 2021, 112, 247–253.
[CrossRef]

30. Fernández-de-Las-Peñas, C.; Palacios-Ceña, D.; Gómez-Mayordomo, V.; Palacios-Ceña, M.; Rodríguez-Jiménez, J.; de-la-Llave-
Rincón, A.I.; Velasco-Arribas, M.; Fuensalida-Novo, S.; Ambite-Quesada, S.; Guijarro, C.; et al. Fatigue and dyspnoea as main
persistent post-COVID-19 symptoms in previously hospitalized patients: Related functional limitations and disability. Respiration
2021, 101, 132–141. [CrossRef]

31. García-Abellán, J.; Padilla, S.; Fernández-González, M.; García, J.A.; Agulló, V.; Andreo, M.; Ruiz, S.; Galiana, A.; Gutiérrez,
F.; Masiá, M. Antibody response to SARS-CoV-2 is associated with long-term clinical outcome in patients with COVID-19: A
longitudinal study. J. Clin. Immunol. 2021, 41, 1490–1501. [CrossRef]

32. Ghosn, J.; Piroth, L.; Epaulard, O.; Le Turnier, P.; Mentré, F.; Bachelet, D.; Laouénan, C.; French COVID Cohort Study and
Investigators Groups. Persistent COVID-19 symptoms are highly prevalent 6 months after hospitalization: Results from a large
prospective cohort. Clin. Microbiol. Infect. 2021, 27, 1041.e1–1041.e4. [CrossRef]

33. Huang, C.; Huang, L.; Wang, Y.; Li, X.; Ren, L.; Gu, X.; Kang, L.; Guo, L.; Liu, M.; Zhou, X.; et al. 6-month consequences of
COVID-19 in patients discharged from hospital: A cohort study. Lancet 2021, 397, 220–232. [CrossRef]

34. Li, X.; Shen, C.; Wang, L.; Majumder, S.; Zhang, D.; Deen, M.J.; Li, Y.; Qing, L.; Zhang, Y.; Chen, C.; et al. Pulmonary fibrosis and
its related factors in discharged patients with new corona virus pneumonia: A cohort study. Respir. Res. 2021, 22, 203. [CrossRef]

35. Liang, L.; Yang, B.; Jiang, N.; Fu, W.; He, X.; Zhou, Y.; Ma, W.L.; Wang, X. Three-month follow-up study of survivors of coronavirus
disease 2019 after discharge. J. Korean Med. Sci. 2020, 35, e418. [CrossRef] [PubMed]

36. Meije, Y.; Duarte-Borges, A.; Sanz, X.; Clemente, M.; Ribera, A.; Ortega, L.; González-Pérez, R.; Cid, R.; Pareja, J.; Cantero, I.; et al.
Hospital de Barcelona COVID-19 team. Long-term outcomes of patients following hospitalization for coronavirus disease 2019: A
prospective observational study. Clin. Microbiol. Infect. 2021, 27, 1151–1157. [CrossRef] [PubMed]

37. Munblit, D.; Bobkova, P.; Spiridonova, E.; Shikhaleva, A.; Gamirova, A.; Blyuss, O.; Nekliudov, N.; Bugaeva, P.; Andreeva, M.;
DunnGalvin, A.; et al. Incidence and risk factors for persistent symptoms in adults previously hospitalized for COVID-19. Clin.
Exp. Allergy 2021, 51, 1107–1120. [CrossRef]

38. Romero-Duarte, Á.; Rivera-Izquierdo, M.; Guerrero-Fernández de Alba, I.; Pérez-Contreras, M.; Fernández-Martínez, N.F.;
Ruiz-Montero, R.; Serrano-Ortiz, Á.; González-Serna, R.O.; Salcedo-Leal, I.; Jiménez-Mejías, E.; et al. Sequelae, persistent
symptomatology and outcomes after COVID-19 hospitalization: The ANCOHVID multicentre 6-month follow-up study. BMC
Med. 2021, 19, 129. [CrossRef] [PubMed]

39. Shang, Y.F.; Liu, T.; Yu, J.N.; Xu, X.R.; Zahid, K.R.; Wei, Y.C.; Wang, X.H.; Zhou, F.L. Half-year follow-up of patients recovering
from severe COVID-19: Analysis of symptoms and their risk factors. J. Intern. Med. 2021, 290, 444–450. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jclinepi.2007.08.005
http://doi.org/10.1002/jrsm.1164
http://doi.org/10.1186/s12879-021-06829-7
http://doi.org/10.1186/1471-2288-14-25
http://doi.org/10.1001/jamanetworkopen.2021.43730
http://doi.org/10.1002/sim.7140
http://www.ncbi.nlm.nih.gov/pubmed/27714841
http://doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://doi.org/10.1001/jamanetworkopen.2020.36142
http://doi.org/10.1016/j.cmi.2021.02.019
http://doi.org/10.1016/j.ijid.2021.09.011
http://doi.org/10.1159/000518854
http://doi.org/10.1007/s10875-021-01083-7
http://doi.org/10.1016/j.cmi.2021.03.012
http://doi.org/10.1016/S0140-6736(20)32656-8
http://doi.org/10.1186/s12931-021-01798-6
http://doi.org/10.3346/jkms.2020.35.e418
http://www.ncbi.nlm.nih.gov/pubmed/33289374
http://doi.org/10.1016/j.cmi.2021.04.002
http://www.ncbi.nlm.nih.gov/pubmed/33901667
http://doi.org/10.1111/cea.13997
http://doi.org/10.1186/s12916-021-02003-7
http://www.ncbi.nlm.nih.gov/pubmed/34011359
http://doi.org/10.1111/joim.13284
http://www.ncbi.nlm.nih.gov/pubmed/33904618


J. Clin. Med. 2022, 11, 1541 15 of 15

40. Tarsitani, L.; Vassalini, P.; Koukopoulos, A.; Borrazzo, C.; Alessi, F.; Di Nicolantonio, C.; Serra, R.; Alessandri, F.; Ceccarelli, G.;
Mastroianni, C.M.; et al. Post-traumatic stress disorder among COVID-19 survivors at 3-month follow-up after hospital discharge.
J. Gen. Intern. Med. 2021, 36, 1702–1707. [CrossRef]

41. Todt, B.C.; Szlejf, C.; Duim, E.; Linhares, A.O.M.; Kogiso, D.; Varela, G.; Campos, B.A.; Baghelli Fonseca, C.M.; Polesso, L.E.;
Bordon, I.N.S.; et al. Clinical outcomes and quality of life of COVID-19 survivors: A follow-up of 3 months post hospital discharge.
Respir. Med. 2021, 184, 106453. [CrossRef]

42. van den Borst, B.; Peters, J.B.; Brink, M.; Schoon, Y.; Bleeker-Rovers, C.P.; Schers, H.; van Hees, H.W.H.; van Helvoort, H.; van den
Boogaard, M.; van der Hoeven, H.; et al. Comprehensive health assessment 3 months after recovery from acute coronavirus
disease 2019 (COVID-19). Clin. Infect. Dis. 2021, 73, e1089. [CrossRef]

43. Wu, X.; Liu, X.; Zhou, Y.; Yu, H.; Li, R.; Zhan, Q.; Ni, F.; Fang, S.; Lu, Y.; Ding, X.; et al. 3-month, 6-month, 9-month, and 12-month
respiratory outcomes in patients following COVID-19-related hospitalization: A prospective study. Lancet Respir. Med. 2021, 9,
747–754. [CrossRef]

44. Xiong, Q.; Xu, M.; Li, J.; Liu, Y.; Zhang, J.; Xu, Y.; Dong, W. Clinical sequelae of COVID-19 survivors in Wuhan, China: A
single-center longitudinal study. Clin. Microbiol. Infect. 2021, 27, 89–95. [CrossRef]

45. Zhang, X.; Wang, F.; Shen, Y.; Zhang, X.; Cen, Y.; Wang, B.; Zhao, S.; Zhou, Y.; Hu, B.; Wang, M.; et al. Symptoms and health
outcomes among survivors of COVID-19 infection 1 year after discharge from hospitals in Wuhan, China. JAMA Netw. Open 2021,
4, e2127403. [CrossRef] [PubMed]

46. Zhao, Y.; Yang, C.; An, X.; Xiong, Y.; Shang, Y.; He, J.; Qiu, Y.; Zhang, N.; Huang, L.; Jia, J.; et al. Follow-up study on COVID-19
survivors one year after discharge from hospital. Int. J. Infect. Dis. 2021, 112, 173–182. [CrossRef]

47. Barek, M.A.; Aziz, M.A.; Islam, M.S. Impact of age, sex, comorbidities and clinical symptoms on the severity of COVID-19 cases:
A meta-analysis with 55 studies and 10014 cases. Heliyon 2020, 6, e05684. [CrossRef] [PubMed]

48. Zheng, Z.; Peng, F.; Xu, B.; Zhao, J.; Liu, H.; Peng, J.; Li, Q.; Jiang, C.; Zhou, Y.; Liu, S.; et al. Risk factors of critical & mortal
COVID-19 cases: A systematic literature review and meta-analysis. J. Infect. 2020, 81, e16–e25. [CrossRef]

49. Ahmed, A.; Ali, A.; Hasan, S. Comparison of epidemiological variations in COVID-19 patients inside and outside of china-a
meta-analysis. Front. Public Health 2020, 8, 193. [CrossRef] [PubMed]

50. Bai, F.; Tomasoni, D.; Falcinella, C.; Barbanotti, D.; Castoldi, R.; Mulè, G.; Augello, M.; Mondatore, D.; Allegrini, M.; Cona, A.;
et al. Female gender is associated with “long COVID” syndrome: A prospective cohort study. Clin. Microbiol. Infect. 2021, in press.
[CrossRef] [PubMed]

51. Di Toro, A.; Bozzani, A.; Tavazzi, G.; Urtis, M.; Giuliani, L.; Pizzoccheri, R.; Aliberti, F.; Fergnani, V.; Arbustini, E. Long COVID:
Long-term effects? Eur. Heart J. 2021, 23 (Suppl. E), E1–E5. [CrossRef]

52. Lipworth, W.; Gentgall, M.; Kerridge, I.; Stewart, C. Science at warp speed: Medical research, publication, and translation during
the COVID-19 pandemic. J. Bioethical Inq. 2020, 17, 555–561. [CrossRef]

53. Sudre, C.H.; Murray, B.; Varsavsky, T.; Graham, M.S.; Penfold, R.S.; Bowyer, R.C.; Pujol, J.C.; Klaser, K.; Antonelli, M.;
Canas, L.S.; et al. Attributes and predictors of long COVID. Nat. Med. 2021, 27, 626–631. [CrossRef]

54. Callard, F.; Perego, E. How and why patients made long Covid. Soc. Sci. Med. 2021, 268, 113426. [CrossRef]

http://doi.org/10.1007/s11606-021-06731-7
http://doi.org/10.1016/j.rmed.2021.106453
http://doi.org/10.1093/cid/ciaa1750
http://doi.org/10.1016/S2213-2600(21)00174-0
http://doi.org/10.1016/j.cmi.2020.09.023
http://doi.org/10.1001/jamanetworkopen.2021.27403
http://www.ncbi.nlm.nih.gov/pubmed/34586367
http://doi.org/10.1016/j.ijid.2021.09.017
http://doi.org/10.1016/j.heliyon.2020.e05684
http://www.ncbi.nlm.nih.gov/pubmed/33344791
http://doi.org/10.1016/j.jinf.2020.04.021
http://doi.org/10.3389/fpubh.2020.00193
http://www.ncbi.nlm.nih.gov/pubmed/32574293
http://doi.org/10.1016/j.cmi.2021.11.002
http://www.ncbi.nlm.nih.gov/pubmed/34763058
http://doi.org/10.1093/eurheartj/suab080
http://doi.org/10.1007/s11673-020-10013-y
http://doi.org/10.1038/s41591-021-01292-y
http://doi.org/10.1016/j.socscimed.2020.113426

	Introduction 
	Materials and Methods 
	Search Strategy 
	Eligibility Criteria 
	Selection Process 
	Data Extraction 
	Risk of Bias Assessment 
	Data Synthesis 
	Patient and Public Involvement 

	Results 
	Study Selection 
	Study Characteristics 
	Quality of Included Studies 
	Factors Associated with PCS Risk 
	Any Symptoms 
	Respiratory Symptoms 
	Mental Health Symptoms 
	Fatigue 


	Discussion 
	Main Findings 
	Strengths and Weaknesses of the Study 
	Implications for Future Research 
	Implications for Clinical Practice 

	Conclusions 
	References

