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ABSTRACT

Background: Long coronavirus disease (COVID) has been defined as the persistence of
symptoms, or the development of new symptoms related to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection occurring at least 28 days after the initial diagnosis of
COVID-19. There are indications that metabolic dysfunction may promote or exacerbate these
syndromes. This study investigated the association between obesity, overweight, and long
COVID in COVID-19 survivors.

Methods: This meta-analysis was conducted from March 2022 to August 2022. Data were
obtained from articles published in PubMed, ScienceDirect, Cochrane Library, and Taylor and
Francis. The comparison between obesity, overweight, and long COVID among COVID-19
survivors was calculated using a Z test. A total of 269.574 patients with obesity, 3.741 patients
with overweight, and 3.395 patients with normal/underweight were retrieved from four papers.

Results: The evidence indicated that the incidence of long-term COVID was significantly
higher in COVID-19 survivors with obesity compared to those without obesity (OR: 1.36; 95%
confidence interval (CI), 1.09%, 1.71%). The results also showed that the risk of long-term
COVID incidence was greater in COVID-19 survivors with obesity than those with overweight
(OR: 1.23; 95% CI, 1.08%, 1.41%). Moreover, COVID-19 survivors who were overweight
showed no significant difference in long-term COVID incidence compared to those who were
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Article info: not overweight (OR: 0.98; 95% ClI, 0.84%, 1.14%).
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Introduction

oronavirus disease 2019 (COVID-19)
is an infectious disease caused by the
SARS-CoV-2 virus, first identified in
Wuhan, China, in late 2019. This disease
presents various symptoms, including fe-
ver, cough, fatigue, shortness of breath,
anosmia, and dysgeusia. In severe cases,
it can progress to pneumonia, kidney and liver dysfunc-
tion, and even death [1]. The morbidity burden of the
COVID-19 pandemic is becoming increasingly appar-
ent and concerning. Long COVID, also referred to as
post-COVID-19 condition, is broadly characterized by
the persistence of symptoms for three months or longer
following the acute phase of COVID-19 infection [2].
Furthermore, long COVID has been defined as the per-
sistence of symptoms, or the development of new symp-
toms, relating to SARS-CoV-2 infection late during CO-
VID-19, occurring at least 28 days after diagnosis [3, 4].

In the early stages of the COVID-19 pandemic, many
individuals experiencing long COVID faced challenges,
such as being undiagnosed, dismissed, inadequately
evaluated, or improperly treated. This phenomenon was
often described by affected individuals as “medical gas-
lighting.” The term “long COVID” was first introduced
by patients on May 20, 2020, to represent the prolonged
sequelae and chronic complications associated with CO-
VID-19 infection [S]. The prevalence of long-term CO-
VID-19 is still uncertain, but evidence is emerging that it
is relatively common [6]. Studies around the world have
reported various incidence rates for long COVID with
different follow-up examination times after the acute in-
fection, including 76% of people at 6 months [7], 32.6%
at 60 days [8], 87% at 60 days [9], and 96% at 90 days
[10]. Data from the UK’s Office for National Statistics
(ONS), based on a nationally representative non-insti-
tutionalized sample of lab-confirmed COVID-19 cases,
including asymptomatic ones, estimated a prevalence of
11.7% at 12 weeks post-testing positive, increasing to
17.7% when considering only those symptomatic during
the acute phase of the illness [6, 11].

Long COVID has been associated with a broad range
of symptoms and health impacts [12-15]. Several sys-
tematic reviews have shown the most prevalent symp-
toms to be fatigue, shortness of breath, muscle pain, joint
pain, headache, cough, chest pain, altered smell, altered
taste, and diarrhea [15-18]. Long COVID predominantly
affected individuals aged 35-65 years, with males repre-
senting the majority of cases [5]. Individuals with certain
medical conditions, such as type 2 diabetes, allergies, a
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history of post-viral fatigue, asthma, chronic lung dis-
ease, heart failure, and chronic kidney disease, as well
as those experiencing a more severe acute COVID-19
illness, with a high body mass index (BMI), or being
unvaccinated, are at greater risk of developing long CO-
VID. These groups are also more likely to experience
severe and persistent symptoms [10]. Another meta-
analysis identified overweight and obesity as potential
risk factors for SARS-CoV-2 infection. However, this
association was not consistently supported by serologi-
cal data [19].

In the Lancet respiratory medicine, the PHOSP-COV-
ID Collaborative Group reported the latest results from
the UK-based, multicentre, prospective post-hospitaliza-
tion COVID-19 (PHOSP-COVID) study, in which the
investigators identified systemic inflammation and obe-
sity as factors that might be associated with long CO-
VID, representing potentially treatable traits in people
with more severe post-COVID-19 symptoms [20]. The
mechanisms underlying the long-term persistence of
symptoms are unknown. A potential hypothesis is that
the hyperinflammation associated with acute COVID-19
leads to a persistent inflammatory state following CO-
VID-19, associated with dysregulated immunity and
multiorgan dysfunction. Obesity also leads to local and
systemic chronic inflammation, which in turn results in
various chronic immune and metabolic diseases, such as
type 2 diabetes, cancer, atherosclerosis, and inflamma-
tory bowel disease. It can be hypothesized that obesity
and obesity-related comorbidities may adversely affect
the recovery of discharged patients with COVID-19 [20,
21]. Due to the evolving clinical spectrum of COVID-19,
which is influenced by differences in variants, vaccines,
and susceptibility by ethnicity and race, it is extremely
challenging to define post-COVID-19 syndromes [22].

There are indications that metabolic dysfunction may
promote or enhance these syndromes [22]. Identifying
and understanding modifiable determinants associated
with manifestations of long COVID, including obesity/
overweight, would help adapt treatment pathways for
particular phenotypes. Overweight and obesity are de-
fined as abnormal or excessive fat accumulation that
presents a health risk. A BMI of over 25-29.9 is con-
sidered overweight, while a BMI over 30 is classified
as obese [23]. Nonetheless, collecting the best evidence
regarding the temporal aspects of this post-viral syn-
drome and designing the most appropriate treatment
approaches can be achieved. The direct implications of
COVID-19 on health and well-being are well-discussed
elsewhere; what remains to be seen is whether this pan-
demic is exacerbating the growing obesity pandemic. A
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systematic review and meta-analysis by Bakaloudi et al.
suggest an overall global trend of weight gain during the
first COVID-19 lockdown [24]. To date, no studies have
assessed the indirect impact of the COVID-19 pandem-
ic on obesity and overweight risk factors that could ex-
plain this trend. Therefore, this paper managed to fill
this gap by describing the effects of the COVID-19
pandemic and the needed countermeasures on obesity
risk factors to explore the underlying mechanisms of the
general trend of weight gain during the COVID-19 pan-
demic. In this study, the association between obesity,
overweight, and long COVID in COVID-19 survivors
was investigated.

Methods
Research design

This meta-analysis, conducted from March 2022 to
August 2022, investigated the association between
obese and overweight populations and the incidence
of long-term COVID-19 in COVID-19 survivors. Pre-
ferred reporting items for systematic review and meta-
analysis (PRISMA) were applied as the framework of
this study [25].

Eligibility criteria

All data were obtained from articles published in
PubMed, PMC, ScienceDirect, and Taylor and Francis.
Potential outcomes were thoroughly identified, and a
further search was conducted to obtain the papers that
might be included in this study. The keywords were as
follows: [“Obesity” or “overweight”] and [“long Covid”
or “post-acute COVID-19 syndrome”] [26-28]. Two
independent researchers (Nuansa Firgie Paramitha and
Putu Jjiya Danta Awatara) extracted data using a pilot
form, and further discussion was held if there was any
disagreement. The articles included in this study were
those that met the following inclusion criteria:

Population: Studies involving human participants
aged 19 years or older, as specified in the study by Lee
& Yoo [29].

Exposure: Studies must report pre-pandemic and post-
pandemic BMI values or clearly define overweight (BMI
23-24.9 kg/m?) and obesity (BMI >25 kg/m?), consistent
with the guidelines of the Asia-Pacific World Health Or-
ganization (WHO) or the Korean Society for the Study
of Obesity (KSSO) referenced in the study.
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Outcome: Studies assessing long COVID outcomes,
defined as symptoms persisting for >12 weeks after acute
COVID-19 infection, in line with WHO definitions.

Study type: Observational studies (cross-sectional,
case-control, and cohort), either prospective or retro-
spective, that include effect size estimates (e.g. odd
ratio, risk ratio) or data that allow calculation of the as-
sociation between BMI status and long COVID develop-
ment.

Publication date: Articles published between January
2020 and December 2024, to reflect the COVID-19 pan-
demic period covered in the referenced study.

Language: Articles must be published in English.

Availability: Full-text access must be available for data
extraction.

Methodological quality: Studies must have moderate
to high methodological quality, as assessed by the New-
castle-Ottawa scale (NOS), with a score of 5 or higher.
This assessment focused on the rigor of the study design,
including participant selection, comparability of groups,
and outcome/exposure ascertainment.

Papers were excluded based on the following criteria:

Pediatric populations: Studies that exclusively involved
participants under 19 years of age.

No long COVID data: Studies that did not measure or
define long COVID or persistent symptoms post-infec-
tion.

No BMI classification: Studies that did not include
clear definitions or measures of overweight or obesity.

Interventional trials or pharmacological studies: These
were excluded unless baseline BMI and long COVID
data were explicitly reported and analyzable.

Case reports, reviews, editorials, and conference ab-
stracts: Non-original data or studies without full datasets
were excluded.

Non-human or animal studies: Only studies involving
human subjects were included.

High risk of bias: Studies assessed to have a high risk
of bias using standardized tools (NOS) were excluded
from quantitative synthesis.
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Duplicate publications: In cases of multiple reports
from the same dataset, only the most comprehensive or
recent version was included.

Assessment of the article quality

Before the analysis process, the quality of the papers was
assessed using the NOS. In this assessment, the evaluation
of patient selection, group comparisons, and exposure as-
sessment was performed. A score of less than 4 indicated
that the paper had low quality, while a score of 5-6 indicated
moderate quality. Papers with a score greater than or equal
to 7 were considered high quality [30]. Articles included in
this analysis were those of moderate to high quality. Two in-
dependent investigators (Nuansa Firgie Paramitha and Putu
Ijiya Danta Awatara) conducted the study assessment using
a pilot form. Other investigators (Putu [jiya Danta Awatara)
provided consultation if a disagreement arose.

Study measures

The predictor variable in this study was the obese and
overweight populations among COVID-19 survivors.
COVID-19 survivors are individuals who tested posi-
tive for the coronavirus and/or were later confirmed to
have had the virus by testing positive for antibodies [31].
Overweight and obesity are defined as abnormal or exces-
sive fat accumulation that may impair health. BMI is a
simple weight-for-height index commonly used to clas-
sify overweight and obesity in adults. It is defined as a
person’s weight in kilograms divided by the square of his/
her height in meters (kg/m?). For adults, the WHO defines
overweight and obesity as follows: Underweight is a BMI
less than 18.5, norm weight is a BMI between 18.5 and
24.9, overweight is a BMI greater than or equal to 25-
29.9, and obesity is a BMI greater than or equal to 30 [32].
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Statistical analysis

The comparison of obese and overweight populations
in COVID-19 survivors was performed using a Z test,
and their effects on the incidence of long COVID were
determined by the calculation of the odds ratio and 95%
confidence interval (CI). The data with potential bias and
heterogeneity across the studies were assessed first be-
fore evaluating the correlation and effect estimates. Pub-
lication bias was analyzed using an Egger test, with the
potential for publication bias considered if the P<0.05.
Furthermore, heterogeneity among studies was assessed
using a Q test, with data considered heterogeneous if
the P<0.10. The calculation for our meta-analysis used
Comprehensive Meta-Analysis software, version 3
(CMA, Chicago, US).

Results
Eligible studies

A total of 2158 potential studies were found, and 2147
studies were excluded due to inappropriate titles and ab-
stracts. A further review of the full text of 11 potential
studies was also carried out. Additionally, seven articles
were excluded due to being reviews (n=1), inadequate
data for calculating odds ratios and 95% Cls (n=5), and
poor study quality (n=1). Finally, four studies were in-
cluded in the meta-analysis. The study selection path-
way is presented in Figure 1, while the characteristics of
the papers are outlined and summarized in Tables 1 and
2, which detail the association between obesity, over-
weight, and long COVID in COVID-19 survivors.

Table 1. Baseline characteristics of studies included in the analysis

Author(s) Instit Sample Size BMI Classification and
uthor(s), . nstitu- assification an
Country City . . NOS Score
Year tion Over- Grouping
Obese . Normal
weight
Moy et al. . Kuala University Obese vs overweight vs
2021 [14] Malaysia Lumpur of Malaya 152 179 261 normal/underweight BMI 8
Thompson et UK Data
al. 2021 [26] UK Colchester Services 265547 803133 Obese vs non-obese 9
Cleveland
Aminian et al. . Clinic Obese vs overweight vs
2021 [27] us Ohio Health el 569 2 normal/underweight BMI 9
System
University .
Loosen et al. Ger- " . Obese vs overweight vs
2022 [28] many Dilteltelons Dg(s)srefel— e AE 22 normal/underweight BMI 9
BMI: Body mass index. LR L
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Figure 1. A flowchart of paper selection in this study

The long COVID incidence associated with obese
and overweight populations in COVID-19 survivors

From four papers, two populations—namely, obese
and overweight—were available for the meta-analysis.
The evidence for long-term COVID incidence appeared
significantly higher in COVID-19 survivors with obesity
than those with no obesity (OR: 1.36; 95% CI: 1.09%,
1.71%). The result also showed that the risk of long-term

LAl

COVID incidence increased in COVID-19 survivors
with obesity than in those who were overweight (OR:
1.23; 95% CI, 1.08%, 1.41%). Moreover, COVID-19
survivors classified as overweight did not have a sta-
tistically significant difference in the incidence of long
COVID compared to those with normal or underweight
BMI (OR: 0.98; 95% CI: 0.84—1.14), suggesting that be-
ing overweight alone may not be a strong independent
risk factor for developing long COVID (Figure 2).

Table 2. Summary of the association between obesity, overweight, and long COVID in COVID-19 survivors

Parameter NS Model Group No. (%) pE pHet P OR 95% Cl

Obese 2313(0.86)

Long COVID 4 Random 0.21706 <0.00001 0.008 1.36 1.09,1.71
Non-obese 3664(0.45)
Overweight 530(14.17)

Long COVID 3 Fixed 0.45172 0.9 0.77 0.98 0.84,1.14
Normal/Underweight ~ 440(12.96)
Obese 818(20.31)

Long COVID 3 Fixed 0.09707 0.99 0.002 1.23 1.08,1.41
Overweight 530(14.17)

Abbreviations: NS: Number of studies; pE: P Egger; pHet: P heterogeneity; OR: Odd ratio; CI: Confidence interval. Ay
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Figure 2. Forest plots of the associations between body mass index categories and long COVID among COVID-19 survivors

A) A forest plot of the association between obesity and long COVID in COVID-19 survivors; B) A forest plot of the association
between overweight and long COVID in COVID-19 survivors; C) A forest plot of the association between obesity, overweight,

and long COVID in COVID-19 survivors

Source of heterogeneity

In the analysis, heterogeneity was detected in all data,
including the obese and overweight populations among
COVID-19 survivors. Therefore, the fixed and random
effect models were used to analyze the data. The fixed ef-
fect model was used for the analysis of overweight vs not
overweight and obese vs overweight populations, as there
was no evidence of heterogeneity. In contrast, the data on
obese vs not obese populations were analyzed using the
random effect model due to the presence of heterogeneity.

Potential publication bias

The potential for publication bias was analyzed using
an Egger test [33]. The potential for publication bias
(P<0.05) was not found concerning obese vs not obese,
overweight vs not overweight, and obese vs overweight
populations.

Discussion

The symptoms of long COVID are diverse and involve
multiple organ systems, with the potential to impact vir-
tually any part of the body. These manifestations can
vary significantly among individuals and may fluctuate
or develop differently over time. Long COVID can affect
individuals across all age groups, genders, and ethnici-
ties, including those who were previously healthy, fully
vaccinated, or who experienced mild or asymptomatic
acute infections. Nevertheless, individuals who experi-
enced more severe acute illness, those with elevated BMI
(overweight or obesity), and unvaccinated individuals
are at an increased risk of developing long-term COVID
[5]. Obesity has been linked to both an increased risk and
greater severity of respiratory infections, as evidenced
during the 2009 HIN1 swine flu pandemic and the more
recent COVID-19 pandemic [19].

The findings of the meta-analysis in this study revealed
a significant association between obesity and the devel-
opment of long COVID in survivors of SARS-CoV-2 in-
fection. In contrast, no significant relationship was found
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for overweight individuals. These results are consistent
with multiple recent studies investigating post-COVID
sequelae and the role of body weight and metabolic
health. For example, a study in 2024 highlighted that
11% of participants transitioned to overweight or obese
categories, and 42.5% of those who were already over-
weight or obese gained further weight during the early
pandemic period [29]. These changes were linked to
behaviors, such as solitary drinking, increased online
food delivery, and prolonged online leisure, which were
significantly associated with weight gain and stress—
factors that could predispose individuals to long CO-
VID through chronic inflammation and poor immune
regulation [29]. Another study conducted in 2025 sup-
ports these insights by identifying sedentary behavior,
unhealthy eating patterns, depression, and stress as key
contributors to obesity during the pandemic [34]. These
behavioral and emotional risk factors not only increase
obesity but may also contribute to immune dysregula-
tion, a proposed mechanism behind long COVID. Ad-
ditionally, a 2024 study from Tiirkiye revealed a signifi-
cant increase in overweight and obesity among NEET
(not in education, employment, or training) youth post-
pandemic [35].

This study showed that young females, particularly
those disconnected from education and work, were
more susceptible to unhealthy weight gain and poten-
tially long-term health effects due to social isolation and
economic instability—both conditions known to impact
mental and physical health outcomes [34, 35]. These
studies reinforce the current finding that obesity is not
only a consequence of the COVID-19 pandemic but also
a compounding factor in the development of long CO-
VID. The absence of a significant association between
overweight and long COVID in this present study may
be due to less severe systemic inflammation in over-
weight individuals compared to those classified as obese.
However, the trajectory of weight gain and worsening
metabolic health across populations suggests that even
overweight individuals may become at-risk over time,
particularly if lifestyle changes persist post-pandemic.

Based on Vimercati et al., long COVID syndrome,
whether mediated by inflammatory or non-inflamma-
tory mechanisms, may result in significant functional
impairments, limiting individuals’ ability to carry out
daily activities at home and in the workplace [36]. Mean-
while, as the pathophysiology of long-term COVID-19
syndrome (LCS) is currently unclear, this finding pro-
vides important information about the possible patho-
physiological relationship between metabolic risks and
the development and severity of LCS. This supports the
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hypothesis that obesity-related chronic inflammation
and immune-metabolic processes promote not only se-
vere clinical courses of acute SARS-CoV-2 infection but
also the development of LCS [37]. The risk of obesity-
related comorbidities, such as type 2 diabetes, may be
influenced by the duration of obesity, potentially due to
prolonged exposure to chronic inflammation and meta-
bolic dysregulation. These factors may also contribute
to an increased susceptibility to SARS-CoV-2 infection
among individuals with long-term obesity [19].

Obesity occurs because of a positive energy balance
generally influenced by environmental, genetic, and
behavioral factors [38]. Environmental factors, such as
work duration, sleep duration, and other unsupportive
environments for physical activities, are obesogenic [39,
40]. Concerning the immune response, there is a clear
association between obesity and basal inflammatory sta-
tus, characterized by higher circulating interleukin 6 and
C-reactive protein levels [41]. Adipose tissue in obesity
is “pro-inflammatory,” with increased expression of cy-
tokines, particularly adipokines. There is also dysregu-
lated expression of tissue leukocytes, and inflammatory
macrophage (and innate lymphoid) subsets replace tis-
sue regulatory (M2) phenotypic cells. In terms of host
defense, obesity impairs adaptive immune responses to
the influenza virus and conceivably could do so in CO-
VID-19 [41-43].

Vimercati et al. revealed that other variables, such as
systolic blood pressure (SBP), diastolic blood pressure
(DBP), and cholesterol and triglyceride levels, exhibit
no significant association with the onset of long COVID
[36]. This indicates that traditional cardiac risk factors
and cardiovascular pathophysiology may not adequately
explain the etiopathogenesis of these persistent symp-
toms [36]. Consequently, individuals affected by over-
weight and obesity should be subjected to targeted active
health surveillance. A BMI of more than 25 kg/m? could
be used as a threshold for attention in the clinical setting.
The results of this exploratory study may lead to further
research to identify the actual level of risk of LCS in a
population stratified by BMI classes.

To the best of our knowledge, our study was the first to
investigate the association between risk factors of obesity,
overweight, normal weight/underweight, and long COV-
ID symptoms in COVID-19 survivors. Since obesity and
lipid disorders represent modifiable risk factors, our data
suggest that lifestyle and metabolic interventions could be
part of future strategies for pandemic preparedness.
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Conclusion

Obesity has a significant association with COVID-19
survivors having a higher risk of developing long-term
COVID conditions; overweight patients do not show a
significant difference compared to those with normal
weight or underweight. Our study also suggests that BMI
can serve as an early diagnostic tool to identify individuals
at the highest risk for developing long-term COVID-19
symptoms and as a predictor for COVID-19 prognosis.

Limitation

This study had several limitations that may have intro-
duced bias. First, the limited number of included stud-
ies and the restriction to English-language publications
may have led to selection and language bias. Second, al-
though the Egger test did not reveal publication bias, the
small sample size reduced the test’s sensitivity, and stud-
ies with null findings may have been underrepresented.
Third, confounding bias is likely, as the meta-analysis
lacked adjustment for key variables, such as age, gender,
comorbidities, vaccination status, and disease severity,
due to the absence of individual patient data. Additional-
ly, variations in how long COVID and BMI were defined
and measured across studies may have caused misclassi-
fication bias. Finally, despite the use of fixed and random
effects models, significant heterogeneity in the included
studies may have influenced the pooled effect estimates
and the generalizability of the findings.

The meta-analysis controlled conflicting variables by
applying strict inclusion criteria, selecting only moder-
ate to high-quality studies based on the NQS, and using
appropriate statistical models (fixed or random effects)
depending on heterogeneity. While these methods helped
reduce bias, individual-level confounders, like age, sex,
comorbidities, and vaccination status, were not statisti-
cally adjusted due to data limitations— an issue acknowl-
edged by the authors. Thus, further studies with a larger
sample size are required to investigate the association.

Recommendation

Future research that combines obesity/overweight with
other risk factors may provide a considerably better un-
derstanding of the association between obesity and pa-
tients with long COVID symptoms.
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