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Summary

This umbrella review assessed the association between excess weight and COVID-

19 outcomes. MEDLINE, PsycINFO, and CINAHL were systematically searched for

reviews that assessed the association between excess weight and COVID-19 out-

comes. A second-order meta-analysis was conducted on the available data for inten-

sive care unit admission, invasive mechanical ventilation administration, disease

severity, hospitalization, and mortality. The quality of included reviews was assessed

using the AMSTAR-2 appraisal tool. In total, 52 systematic reviews were included,

49 of which included meta-analyses. The risk of severe outcomes (OR = 1.86; 95%

CI: 1.70 to 2.05), intensive care unit admission (OR = 1.58; 95% CI: 1.45 to 1.72),

invasive mechanical ventilation administration (OR = 1.70; 95% CI: 1.57 to 1.83),

hospitalization (OR = 1.82; 95% CI: 1.61 to 2.05), and mortality (OR = 1.35; 95% CI:

1.24 to 1.48) following COVID-19 infection was significantly higher in individuals

living with excess weight compared with those with a healthy weight. There was

limited evidence available in the included reviews regarding the influence of moder-

ating factors such as ethnicity, and the majority of included reviews were of poor

quality. Obesity appears to represent an important modifiable pre-infection risk fac-

tor for severe COVID-19 outcomes, including death.
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1 | INTRODUCTION

In England in 2019, 27% of men and 29% of women were living with

obesity, which represents a significant increase in prevalence from

13% of men and 16% of women in 1993.1 Excess weight increases

the risk of other serious diseases and reduces life expectancy,2 plac-

ing a substantial strain on the health services. Indeed obesity and

obesity-related illnesses are estimated to cost the UK National Health

Service £6.1 billion per annum,1 with over 1 million hospital admis-

sions between April 2019 and December 2020 linked to obesity.3

Coronary heart disease,4 multiple cancers,5 stroke,6 type 2 diabetes,7

and many more non-communicable diseases8 are more likely to

develop in those living with obesity, compared with those living with

a healthy weight. Excess weight is also a strong risk factor for multi-

morbidity.9 There is a growing evidence base that obesity has strong

associations with the communicable Coronavirus disease 2019

Received: 13 March 2023 Revised: 14 March 2024 Accepted: 4 July 2024

DOI: 10.1111/obr.13803

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2024 The Author(s). Obesity Reviews published by John Wiley & Sons Ltd on behalf of World Obesity Federation.

Obesity Reviews. 2024;e13803. wileyonlinelibrary.com/journal/obr 1 of 16

https://doi.org/10.1111/obr.13803

https://orcid.org/0000-0002-0204-2197
https://orcid.org/0000-0002-6044-3618
mailto:j.matu@leedsbeckett.ac.uk
https://doi.org/10.1111/obr.13803
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/obr
https://doi.org/10.1111/obr.13803
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fobr.13803&domain=pdf&date_stamp=2024-08-03


(COVID-19),10–12 with increased risk of infection, hospitalization,

severity, and mortality.13

COVID-19, also known as severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2), is an infectious disease caused by a

novel coronavirus, first identified in Wuhan city, China.14,15 The

COVID-19 pandemic has caused catastrophic global disruption,

involving serious morbidity and mortality.16 Although most COVID-19

cases were asymptomatic or resulted in mild disease, a substantial

proportion progressed to critical illness with respiratory failure requir-

ing hospitalization, intensive care unit (ICU) admission, and invasive

mechanical ventilation (IMV).17 Early epidemiological evidence in the

United States that showed common comorbidities for COVID-19

were hypertension (56.6%), obesity (41.7%), and diabetes (33.8%).

Indeed, obesity has been found to be a risk factor for initial COVID-

19 infection,18 with people living with excess weight found to be

more likely to test positive than those of a healthy weight. Addition-

ally, people living with obesity have been found to be at a potentially

higher risk of admission to an ICU than their healthy weight counter-

parts, with disease severity increasing with BMI.12

The UK is experiencing a dual epidemic of COVID-19 and obesity,

which appear to interact with each other to produce severe outcomes

in many groups of patients.13 Inequalities have been observed in

adults and children living with obesity, with those residing in the most

deprived areas and those who identify themselves as from Black-

African, Caribbean, and South Asian ethnic groups, more likely to be

living with excess weight.1 Similar trends have been identified

between socioeconomic status/ethnicity and COVID-19 prevalence

and outcomes,19 with those of lower socioeconomic status and cer-

tain ethnic groups such as Black and South Asian communities being

more likely to be infected and encounter a poor disease

outcome.20–22 In the UK, obesity has been found to be associated

with increased risk of ICU admission, IMV administration, and in-

hospital mortality in multiple ethnic groups of patients admitted to

hospital with COVID-19, with the strongest associations observed for

Black ethnicities.23

Given the vast number of reviews rapidly published, there is a

need to understand the impact of excess weight on COVID-19 out-

comes when looking at the entire body of available evidence and to

appraise the strength of currently available reviews. The purpose of

the present review was to conduct an umbrella review that investi-

gated the association between excess body weight and the disease

course of COVID-19, and whether any associations were influenced

by moderating factors such as ethnicity, socioeconomic status, age,

sex, or the presence of comorbidities.

2 | METHODS

This umbrella review was conducted in accordance with PRISMA

guidelines24 and the recommendations of Cochrane overviews of

reviews.25 This umbrella review was also prospectively registered in

the international prospective register of systematic reviews

(PROSPERO) under the registration number: CRD42021233235.

2.1 | Search strategy

Electronic bibliographic databases MEDLINE, PsycINFO, and CINAHL

were searched via EBSCOhost, and no language or date restrictions

were applied. The prospectively registered search strategy utilized

Medical Subject Headings (MeSH), Boolean operators, and was run

through to May 11, 2022 (see Supporting Information). Search results

were exported to EndNote, where automated and manual deduplica-

tion was performed. Reference lists of eligible reviews were also

screened for any further eligible reviews.

2.2 | Article selection

Two researchers (JM & AG) independently assessed the title and

abstracts of eligible studies, with disagreements resolved by a third

reviewer (LE). Articles were deemed eligible for inclusion if they were

systematic reviews (with or without meta-analysis) of solely primary

literature that assessed any association between excess weight and

COVID-19 infection, severity, or mortality in more than one study.

Systematic reviews were required to include studies, in any setting,

which presented laboratory-confirmed diagnoses of COVID-19 in

people living with overweight or obesity. Where laboratory-confirmed

diagnosis was not specified within the potentially eligible systematic

review, the protocol/registration for the review and/or the full text of

each included primary study was checked to confirm diagnosis

methods. If COVID-19 diagnosis method could still not be established,

the corresponding author of each included primary study was con-

tacted and allowed 4 weeks to respond. Systematic reviews were

excluded if it could not be confirmed that COVID-19 was diagnosed

via a laboratory technique in any included primary study. Studies were

eligible for inclusion if the authors defined a group of participants as

living with excess weight. This included a variety of author-defined

classifications (see Table S1), which sometimes differed for specific

ethnicities.

Potentially eligible papers were then retrieved, and their full text

was assessed for inclusion independently by two reviewers (JM &

AG), with a third used for dispute resolution (LE). Reference lists of

included articles were then searcher for further potentially relevant

systematic reviews.

2.3 | Data extraction

A standardized pre-piloted electronic data extraction form (Microsoft

Excel) was used by two researchers (AG & OS) to extract data from

the included systematic reviews. Extracted data included: review char-

acteristics, search details, characteristics of included studies/partici-

pants, COVID-19 diagnosis method, overweight/obesity definition,

COVID-19 infection, severity, hospitalization, and mortality data,

inferred mechanisms, any relevant data on moderators such as sever-

ity of excess weight, ethnicity, socioeconomic status, age, sex, geogra-

phy, or other comorbidities, author-acknowledged limitations, funding
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source, and author declarations. All data extraction was then checked

by a third reviewer (JM) for accuracy.

We extracted data on COVID-19 severity as it was reported in

the included review. Therefore, there are multiple author-defined def-

initions of COVID-19 severity, such as “poor outcome,” “severe
COVID,” “severe outcome,” “severe disease,” “severity,”
“severe complications,” “severe illness,” and “crucial illness,” as well

as ICU admission and IMV. Occasionally, these terms include ICU

admission, IMV, hospitalization, and mortality; however, it was not

possible to disaggregate the data. Therefore, the present review uti-

lizes the descriptions stated within the relevant included review.

It should be noted that where data have been extracted verbatim

from included reviews, we have altered language that reduced people

to their medical condition. The alterations made ensure person first

language throughout this report (e.g., “individual living with obesity”
has replaced “obese individual”).

2.4 | Quality assessment

The quality of each included systematic review was assessed by one

author (JM), with a selection checked by a second (AG) and disputes

solved by a third (OS), using the Assessment of Multiple Systematic

Reviews (AMSTAR 2) measurement tool.26 AMSTAR 2 is a 16-item

critical assessment tool for appraising the quality of systematic

reviews, which is not intended to generate an overall score. AMSTAR

2 has a rating system based on weaknesses in critical domains and can

therefore assist in the identification of high-quality reviews. Review

classifications were scored as follows: Critically low: more than one

critical flaw with or without non-critical weaknesses; Low: one critical

flaw with or without non-critical weaknesses; Moderate: more than

one non-critical weakness with no critical flaws; High: no or one non-

critical weakness with no critical flaws.

2.5 | Quantitative synthesis

We conducted a second-order meta-analysis on the available data for

disease severity, hospitalization, and mortality. Within disease sever-

ity, we examined severe outcomes, admission to ICU, and IMV sepa-

rately. The majority of effect sizes were Odds Ratios, which were

converted to log Odds for analyses. A small number of effects

were expressed as Risk Ratios, which we used interchangeably with

Odds Ratios.27 However, under certain conditions (as the number of

event rates increases), Odds Ratios and Risk Ratios diverge, so we also

conducted sensitivity analyses removing Risk Ratios.

We estimated the degree of overlap of primary studies in each

meta-analysis included in the quantitative synthesis for each outcome

using the Corrected Covered Area (CCA). The CCA provides an intui-

tive approximation of overlap using the formula [(N � r)/(r � c) � r],

where N is the sum of primary studies included across all systematic-

reviews/meta-analyses (including double counting), r is the number of

primary studies total, and c is the number of systematic-reviews/

meta-analyses. We used cut-offs to interpret the degree of overlap,

where 0–5 is indicative of slight, 6–10 indicative of moderate, 11–15

indicative of high, and >15 indicative of very high overlap.28 If it was

not possible to establish the primary studies that contributed to the

meta-analytic effect size, these were excluded from the calculation of

the CCA. We also generated a visual matrix to examine the overlap

of included primary studies in each meta-analysis for each outcome,

which highlights reviews that were and were not included in the quan-

titative synthesis.29

As there was overlap between the primary studies in the dif-

ferent meta-analyses, this violates the independence of the effect

sizes, which in turn can artificially increase the precision of the

pooled effect. As such, we conducted a sensitivity analysis in

which we adjusted the precision of the pooled effect size by an

inflation factor.30 As this factor was unknown, we reanalyzed each

model with a series of inflation factors in 10% increments until the

precision meant the effect was no longer significant. We con-

ducted a sensitivity analysis for each outcome excluding pediatric

and pregnant populations. We also conducted categorical subgroup

analyses on high/moderate quality versus low/critically low quality,

wherever there were at least four reviews in both quality groups.31

Where there were not four studies in each subgroup, we present

the pooled effect with the removal of high/moderate quality

reviews.

Individual meta-analytic effects were pooled and the second-

order meta-analysis was conducted in R using the “metafor” package.
Random Effects models with a Restricted Maximum Likelihood Esti-

mator were used. The analysis script and data can be found here

[https://osf.io/dkgjn/].

3 | RESULTS

3.1 | Study selection

Figure 1 outlines the PRISMA flow diagram of study selection, which

shows in total 52 systematic reviews13,32–82 met the inclusion criteria

and were included in this umbrella review. A list of the records that

were excluded at full text screening, with their accompanying reason

for exclusion, can be found in Table S2.

3.2 | Characteristics of included reviews

All 52 included reviews were published between 2020 and 2022, from

17 different countries. The reviews originate from China (n = 16),

USA (n = 7), UK (n = 5), Indonesia (n = 3), Brazil (n = 3), Hungary

(n = 2), Singapore (n = 2), Iran (n = 2), Australia (n = 2), Spain (n = 2),

Bangladesh (n = 2), Canada (n = 1), Korea (n = 1), South Africa

(n = 1), Italy (n = 1), France (n = 1), and Taiwan (n = 1). Of the

52 included reviews, 49 were meta-analyses, and three were narrative

systematic reviews.51,58,77 Two reviews were conducted with pediat-

ric populations,59,66 and three were in pregnant women.34,71,72 As per
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the inclusion criteria, all reviews included studies that utilized

laboratory-confirmed COVID-19 diagnosis methods. Within the

included reviews, there were a variety of definitions of excess weight

(most commonly BMI > 25 or BMI > 30 and were often lower within

included reviews to account for people who identify as Asian ethnic-

ity), which were compared with people of a healthy weight (most

commonly defined as BMI < 25). The characteristics of the included

reviews, including the excess weight definition of each review, are

shown in Table S1, with additional characteristics presented in

Table S3. An overview of the findings of the included reviews can be

found in Table 1, with additional detailed findings presented in

Table S4.

The number of studies included in the excess weight analysis

within each included review varied substantially from 13881 to two.43

There were larger reviews included that comprised as many as

217 included studies69; however, only 27 were relevant to excess

weight, as reviews on multiple COVID-19 comorbidities were eligible

provided excess weight was examined. The overlap of primary studies

included within each review is presented in the Supporting Informa-

tion for risk of COVID-19 infection (Table S5), ICU admission

(Table S6), IMV administration (Table S7), COVID-19 severity

(Table S8), hospitalization (Table S9), and mortality (Table S10). These

tables are supported by the list of references of included studies, giv-

ing a comprehensive list of primary studies examining the association

between excess weight and COVID-19 outcomes. The total number

of included primary studies relevant to each outcome was as follows:

infection risk (n = 30), ICU admission (n = 50), IMV administration

(n = 38), severity (n = 105), hospitalization (n = 78), and mortality

(n = 153).

3.3 | Methodological quality of included reviews

The AMSTAR-2 assessment results for each review are shown in

Table S11. Of the 52 included reviews, 40 were classified as “critically
low,” 11 were classified as “low,” and one51 was classified as “high.”
The mean (standard deviation) of non-critical and critical weaknesses

was 3 (2) and 3 (2), respectively. Notably, all but three47,51,72 of the

included reviews lacked item 7, which requires a full list of references

excluded at full-text stage and is classed as a critical domain. With

item 7 excluded from the assessment, of the 52 included reviews,

30 were classified as “critically low,” 13 were classified as “low,” five

were classified as moderate,55,58,70,74,75 and four45,49,51,61 were classi-

fied as “high.” It was not possible to statistically explore the differ-

ences in findings between those of moderate/high quality and those

of lower quality due to the small number of moderate-/high-quality

reviews for each respective outcome. Other notable areas of weak-

ness were observed in the included reviews, such as 33/52 (63%)

were not prospectively registered, 52/52 (100%) did not report on

the sources of funding for the studies included within the review, and

F IGURE 1 PRISMA flow diagram of
study selection.
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TABLE 1 Main findings and quality of included reviews comparing the risk of COVID-19 infection, hospitalization, severity, and mortality,
between individuals living with excess weight and those of a healthy weight.

Author, year Infection Hospitalization Severity Mortality

Modified AMSTAR 2

classification

Aghili et al, 202133 NR NR Poor outcome "
ICU admission $
IMV "

Mortality " Critically low

Allotey et al, 202134 NR NR Severe disease "
ICU admission "
IMV "

Maternal mortality

"
Low

Ashktorab et al., 202135 NR NR NR Mortality " Critically low

Booth et al., 202136 NR NR Severe outcome " Mortality " Critically low

Bunn et al., 202264 NR NR ICU admission " NR Critically low

Cai et al, 202165 NR Hospitalization

"
Severe disease "
ICU admission "
IMV "

Mortality " Critically low

Chang et al., 202037 NR Hospitalization

"
Severe disease "
IMV "

NR Low

Choi et al., 202266 NR NR Severe disease " NR Critically low

Chowdhury et al., 202167 NR NR Severe disease " NR Critically low

Chu et al., 202038 NR NR Poor outcome "
ICU admission "
IMV "

Mortality $ Low

Deng et al., 202139 NR NR Severe disease "
ICU admission "
IMV "

Mortality $ Critically low

Dessie et al., 202168 NR NR NR Mortality " Critically low

Du et al., 202140 NR NR Severe disease " Mortality " Critically low

Ferreira et al., 202179 NR NR ICU admission "
IMV "

Mortality $ Critically low

Foldi et al.. 202041 NR NR ICU admission "
IMV "

NR Low

Foldi et al., 202142 NR NR ICU admission "
IMV "

NR Critically low

Geng et al., 202169 NR NR Severity "
ICU admission "
ARDS "

Mortality $ Critically low

Ng et al., 202143 NR NR (one study) NR (one study) Mortality $ Critically low

Ho et al., 202044 Positive test " NR Severe disease "
ICU admission $
IMV "

Mortality " Low

Hoong et al., 202145 NR NR Severe disease " Mortality " High

Hu & Wang, 202046 NR NR Severity "
ICU admission "

NR Critically low

Huang et al, 202047 NR Hospitalization

"
Severity "
ICU admission "
IMV "

Mortality " Critically low

Huang et al., 202170 NR NR NR Mortality " Moderate

La Verde et al., 202171 NR NR NR Maternal Mortality

"
Low

Lassi et al., 202172 NR NR Maternal Severity " NR Low

Li et al., 2021a73 NR NR Severity " NR Critically low

Li et al, 2021b74 NR NR NR Mortality " Moderate

Mahamat-Saleh

et al,202175
NR NR NR Mortality " Moderate

(Continues)
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37/52 (71%) did not assess the potential impact of risk of bias in indi-

vidual studies on the results of the meta-analysis, nor did 36/52 (69%)

account for risk of bias when interpreting/discussing the results of the

review.

3.4 | Infection

Five of the 52 included reviews reported COVID-19 infection as an out-

come (see Table 1), which was deemed too few for second-order meta-

TABLE 1 (Continued)

Author, year Infection Hospitalization Severity Mortality

Modified AMSTAR 2

classification

Malik et al., 202148 NR NR Poor outcomes " NR Critically low

Mattey-Mora et al,202276 NR Hospitalization

"
NR NR Low

Mesas et al., 202049 NR NR NR Mortality $ High

Noor & Islam, 202050 NR NR NR Mortality " Critically low

Ovalle et al., 202177 NR NR Severity " NR Critically low

Peres et al., 202051 NR Hospitalization

"
Poor outcome " Mortality $ High

Poly et al., 202152 NR NR NR Mortality " Low

Popkin et al, 202013 Positive test " Hospitalization

"
ICU admission "
IMV "

Mortality " Critically low

Pranata et al., 202053 NR NR Severity "
Poor outcome "

Mortality " Critically low

Raeisi et al., 202278 COVID-19 risk

"
Hospitalization

"
Severity "
ICU admission "
IMV "

Mortality " Low

Sales-Peres et al., 202054 NR NR Severe complications

$
NR Low

Seidu et al., 202055 NR NR Severe illness " Mortality " Moderate

Sharma et al., 202056 NR NR Critical illness " NR Critically low

Soeroto et al., 202057 NR NR Poor outcome "
Severe disease "
ICU admission $

NR Critically low

Tamara & Tahapary,

202058
NR Hospitalization

"
IMV "
Severe disease "

NR Moderate

Tsankov et al., 202159 NR NR Severe disease " NR Critically low

Wang et al., 202280 NR NR ICU admission " NR Critically low

Wang et al., 202181 NR NR NR Mortality " Critically low

Yang et al., 202060 Infection " Hospitalization

"
Severe disease "
ICU admission "
IMV "

Mortality " Low

Yang et al., 2021a32 NR NR Severe disease "
Severe outcome "

NR Critically low

Yang et al., 2021b61 Positive test " Hospitalization

"
ICU admission "
IMV "

Mortality " High

Zhang et al., 202182 NR Hospitalization

"
Severe disease "
ICU admission "
IMV "

Mortality $ Critically low

Zhao et al., 202062 NR NR Severe outcome "
ICU admission "

Mortality $" Low

Zhou et al., 202083 NR NR Severe disease "
IMV "

Mortality $ Critically low

Note: Arrows represent a significantly increased ("), no difference ($), or significantly decreased (#) risk between those living with excess weight and a

healthy weight control group. Reported outcome variables are defined as per included review article.

Abbreviations: ICU, intensive care unit; IMV, invasive mechanical ventilation; NR, not reported.
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analysis. All five concluded a stronger association between COVID-19

infection and excess weight, compared with those of a healthy weight,

with odds ratios ranging from 1.39 to 2.42. A narrative description of

these five studies is presented in the Supporting Information.

3.5 | Severity

Of the included 52 reviews, 40 reported a minimum of one measure

of COVID-19 severity, which resulted in a total of 76 author reported

outcomes (see Table 1). Of the 76 author-reported COVID-19 sever-

ity outcomes that were extracted from the included reviews,

72 showed that living with excess weight was associated with an

increased COVID-19 severity compared with living with a healthy

weight. The remaining four outcomes showed no association between

disease severity and excess weight; these outcomes were ICU admis-

sion33,44,57 and severe complications.54

For ICU admissions, the second-order meta-analysis had a pooled

OR = 1.58 (95% CI: 1.45 to 1.72), Z = 10.67, p < .001, I2 = 74%, from

21 effects (Figure 2). Seventeen of the 21 individual meta-analyses

F IGURE 2 Forest plot showing the association between excess weight and intensive care unit admission with COVID-19. A higher odds ratio
represents a higher risk of ICU admission in those living with excess weight compared with those of a healthy weight.

F IGURE 3 Forest plot showing the association between excess weight and invasive mechanical ventilation with COVID-19. Higher odds ratio
represents a higher risk of invasive mechanical ventilation in those living with excess weight compared with those of a healthy weight.
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were significant. An inflation factor of 550% would be required to

reduce the precision to the point the model was non-significant. The

CCA was 11.6% indicative of high overlap.

For IMV administration, the second-order meta-analysis

had a pooled OR = 1.70 (95% CI: 1.57 to 1.83), Z = 13.42,

p < .001, I2 = 51%, from 14 effects (Figure 3). All individual meta-

analyses were statistically significant. An inflation factor of 550%

would be required to reduce the precision to the point the model

was non-significant. The CCA was 14.6% indicative of high

overlap.

The second-order meta-analysis on disease severity demon-

strated a pooled OR = 1.86 (95% CI: 1.70 to 2.05), Z = 12.73,

p < .001, I2 = 77%, from 27 effects (Figure 4). All individual meta-

analyses were statistically significant. Removal of three effect sizes

that used Risk Ratios had minimal impact on the overall OR

(OR = 1.91 [95% CI: 1.73 to 2.12], Z = 12.41, p < .001, I2 = 76%). An

inflation factor of 650% would be required to reduce the precision to

the point the model was non-significant. The CCA was 6.8% indicative

of moderate overlap.

Five of the nine reviews classified as either moderate or high con-

fidence using the modified AMSTAR-2 assessment found that people

living with excess weight were associated with severe disease,45,61

poor outcome,51 severe illness,55 IMV,58,61 and ICU admission,61 com-

pared with living with a healthy weight, with the remaining four not

reporting on disease severity.49,70,74,75 Removal of moderate or high-

rated studies did not substantially influence the pooled ORs from the

second-order meta-analyses (Severity OR = 1.84 [95% CI: 1.67 to

2.03]; ICU OR = 1.59 [95% CI: 1.45 to 1.74]; IMV OR = 1.72 [95%

CI: 1.60 to 1.84]).

3.6 | Hospitalization

The risk of hospitalization in people living with excess weight com-

pared with people of a healthy weight was reported in 11 of the

52 included reviews.13,37,47,51,58,60,61,65,76,78,82 All 11, two of which

were systematic reviews, reported a significantly stronger association

in people living with excess weight for hospital admission, compared

with those of a healthy weight. Two were systematic reviews, and the

odds ratios from the nine meta-analyses for hospitalization ranged

from 1.4 to 2.45.

The second-order meta-analysis on hospitalization rates demon-

strated a pooled OR = 1.82 (95% CI: 1.61 to 2.05), Z = 9.67, p < .001,

I2 = 83%, from nine effects (Figure 5). All individual meta-analyses

were statistically significant. An inflation factor of 500% would be

required to reduce the precision to the point the second-order model

was non-significant. The CCA was 5.2% indicative of moderate overlap.

Of the 11 reviews that investigated hospitalization, two system-

atic reviews were classified as high quality,51,58 one meta-analysis was

classified as high quality,61 and the remaining eight meta-analyses

were classified as either low or critically low, using the AMSTAR-2

assessment tool. Removal of moderate- or high-rated studies did not

substantially influence the pooled ORs from the second-order meta-

analyses (OR = 1.86 [95% CI: 1.63 to 2.12).

3.7 | Mortality

Of the 52 included reviews, 33 reported on the mortality of patients

with COVID-19 (see Table 1). Of those 33, 23 (70%) reported an

F IGURE 4 Forest plot showing the association between excess weight and COVID-19 severity. Higher odds ratio represents a higher risk of
severe COVID-19 in those living with excess weight compared with those of a healthy weight.
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increased mortality, nine (27%) reported no association, and Zhao

et al.62 reported no association for BMI ≥ 30 kg/m2 but a significant

association for BMI ≥ 35 kg/m2.

The second-order meta-analysis on mortality demonstrated a

pooled OR = 1.35 (95% CI: 1.24 to 1.48), Z = 6.67, p < .001,

I2 = 73%, from 21 effects (Figure 6). Fifteen of the 21 individual

meta-analyses were statistically significant. Removal of four effect

sizes that used a Risk Ratio did not substantially influence this

(OR = 1.35 [95% CI: 1.22 to 1.49], Z = 6.05, p < .001, I2 = 72%). An

inflation factor of 350% would be required to reduce the precision to

the point the model was non-significant. The CCA was 5.1% indicative

of moderate overlap.

Of the nine reviews classified as either moderate or high confi-

dence by AMSTAR-2 assessment, one did not report on mortality,58

six reported an association between mortality and excess

weight,45,55,61,70,74,75 and two reported no association.49,51 A

F IGURE 5 Forest plot showing the association between excess weight and hospitalization with COVID-19. Higher odds ratio represents a
higher risk of hospitalization in those living with excess weight compared with those of a healthy weight.

F IGURE 6 Forest plot showing the association between excess weight and mortality with COVID-19. Higher odds ratio represents a higher

risk of mortality in those living with excess weight compared with those of a healthy weight.
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subgroup analysis demonstrated no significant difference between

studies rated as low versus moderate or high (X2(1) = 1.78, p = .182).

Low quality OR = 1.40 (95% CI: 1.26 to 1.56), moderate or high qual-

ity OR = 1.23 (95% CI: 1.08 to 1.40).

3.8 | Moderators

3.8.1 | Excess weight

Deng et al.39 observed for every 5 kg/m2 increase in BMI the OR

values for IMV use and ICU admission in COVID-19 patients were

1.16 (95% CI: 1.10–1.23) and 1.2 (95% CI: 1.11–1.30), respectively.

Similarly, Du et al.40 found a 1.09-fold increased risk (OR: 1.09, 95%

CI: 1.04–1.14) of critical COVID-19 for each 1 kg/m2 increase in BMI

and a 1.19-fold increased risk (OR: 1.19, 95% CI: 1.08–1.30) of critical

COVID-19 for each 2 kg/m2 increase in BMI. They also found the

mortality of patients with COVID-19 increased by 6% (OR = 1.06,

95% CI = 1.02–1.10) for each 1 kg/m2 increase in BMI. Huang et al.70

demonstrated a J-curved relationship between BMI and COVID-19

mortality, indicating that both individuals with a COVID-19 diagnosis

and living with underweight or obesity had a higher mortality risk than

patients with a healthy weight.

3.8.2 | Ethnicity, socioeconomic status, and
geography

Although some reviews used a lower BMI cut-off for the definition of

overweight/obesity in studies including data from those of Asian eth-

nicity (see Table S1), just one of the 52 included reviews explicitly

investigated how the relationship between obesity and COVID-19

may be influenced by ethnicity. Raeisi et al.78 categorized participants

from just two ethnicities (Caucasian and East-Asian) and found that

obesity was consistently associated with hospitalization, IMV, ICU

admission, and mortality in Caucasians with COVID-19. However, the

relationship between obesity and IMV, ICU admission, and mortality

was non-significant in East-Asian populations with a COVID-19 diag-

nosis. Two studies included in their limitations that data on ethnicity

and socioeconomic status were limited and precluded analysis.40,55

Seidu et al.55 reported that ethnicity and socioeconomic status are

linked to obesity and worse COVID-19 outcomes; however, they

were unable to investigate these links due to insufficient data. Addi-

tionally, we did not find any evidence within the included reviews on

the relationship between excess weight and COVID-19 risk, or prog-

nosis being moderated by geography.

3.8.3 | Age

Chu et al.38 found that people living with excess weight who were

<60 years had a strong positive association between excess weight

and poor composite outcomes of COVID-19, which included severe

COVID-19, need for ICU care, IMV, mortality, and disease progression

(OR: 2.86, 95% CI: 1.55–5.28). They found that this association

became weaker in people ≥60 years (OR: 1.52, 95% CI: 1.05–2.19).

This finding is mirrored by the findings of Mesas et al.49 who observed

a stronger association, albeit not significant, between excess weight

and COVID-19 mortality for people ≤60 years (OR:1.62, 95% CI:

0.92–2.83) compared with people ≥60 years (OR: 0.90, 95% CI: 0.67–

1.20).

3.8.4 | Sex

There was no evidence that the relationship between excess weight

and COVID-19 outcomes is moderated by sex.40,49

3.8.5 | Comorbidities

A detailed list of the reported comorbidities in each review can be

found in Appendix S3. The majority of the included reviews included

studies with multiple patient comorbidities or did not report on

patient comorbidities. However, Zhao et al.62 excluded studies in

which subjects had known diabetes or other fatal chronic diseases

that may induce the severity of COVID-19 such as cancer, severe

autoimmune disease, chronic kidney disease, cirrhosis, and liver fail-

ure. They found that excess weight was a risk factor for a severe

COVID-19 outcome (severe manifestations, admission to ICU, and

requirement for mechanical supports), but not for mortality. Addition-

ally, Mesas, Cavero-Redondo, Álvarez-Bueno, Sarriá Cabrera, Maffei

de Andrade, Sequí-Dominguez, and Martínez-Vizcaíno49 found that

living with excess weight was associated only with mortality in studies

with fewer comorbidities.

4 | DISCUSSION

This umbrella review provides a comprehensive summary of the evi-

dence on the association between excess weight and COVID-19 out-

comes. The findings suggest a stronger association between weight

and risk of disease severity, hospitalization, and mortality in those liv-

ing with excess weight compared with their healthy-weight counter-

parts. Additionally, we found some evidence that the association

between excess weight and COVID-19 outcomes is moderated by the

severity of excess weight, age, and comorbidities. Specifically, weight

associations with adverse outcomes were stronger in individuals living

with a higher degree of excess weight, who were younger, and who

had fewer comorbidities. It appears that older age, and larger number

of comorbidities, confound the observed association between excess

weight and COVID-19 prognosis, as these factors are significant inde-

pendent risk factors,84,85 and weight often declines with comorbid-

ities due to reverse causality linked to unintentional weight loss.

Interestingly, within the included reviews, we found limited data on

how ethnicity may influence the observed association, with no data
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presented on socioeconomic status, or geography. The lack of report-

ing in this area should be addressed in any future reviews. Although

the overall quality of the included reviews was poor, there was no

observed difference in terms of the findings between the higher and

lower ranking reviews.

The finding that excess weight is associated with a higher risk of

catching COVID-19, compared with healthy weight, is supported by

analyses of data from UK Biobank. Yates et al86 found that both BMI

and waist circumference were associated with testing positive for

COVID-19 in a dose–response fashion, and adjustment for possible

confounders did not change the results. The adjusted odds ratio for

BMI ranges of 25–<30, 30–<35, and ≥35 kg/m2 was 1�31 (95% CI:

1�05–1�62), 1�55 (1�19–2�02), and 1�57 (1�14–2�17), respectively,

compared with a healthy weight reference group. These UK-derived

odds ratios broadly align with the odds ratios reported in the five

included reviews,13,44,60,61,78 which ranged from 1.39 to 2.42. It

should be noted that in many primary studies exploring the associa-

tion between excess weight and COVID-19 infection, testing was

done in hospitals. Therefore, it is possible that this finding, to some

extent, is artefactual linked to ascertainment bias as the individuals

living with excess weight were more likely to be admitted to hospital

with COVID-19.87

Of the 76 author-reported COVID-19 severity outcomes that

were extracted from the included reviews, 72 (96%) showed a stron-

ger association between weight and COVID-19 severity in people liv-

ing with excess weight compared with those of a healthy weight. The

remaining four outcomes showed no association between disease

severity and excess weight; these outcomes were ICU admis-

sion33,44,57 and severe complications.54 These four reviews were all

classified as critically low confidence using the AMSTAR-2 assess-

ment. Additionally, the three reviews t showed no association for ICU

admission; all showed other metrics of COVID-19 severity to be wors-

ened in people living with excess weight.33,44,57 These findings there-

fore support the conclusion that living with excess weight is

associated with a more severe COVID-19 prognosis compared with

living with a healthy weight. This finding also aligns with a prospective

community-based cohort study of 6.9 million people in England, which

identified J-shaped associations between BMI and admission to hospi-

tal due to COVID-19 and death.87 This was in addition to a linear

association between BMI and ICU admission. UK Biobank analyses

have shown BMI to be linearly associated with higher risk of hospitali-

zation and death from COVID-19.88 Therefore, hospital admission

and ICU admission processes could consider expediting ICU

admission based on the expectation of more severe disease prognosis

in people living with excess weight.

A significant association between excess weight and COVID-

19-related mortality was observed in 15 of the 21 meta-analyses in

which data were available for umbrella meta-analysis. Our findings are

substantiated by recent large cohort studies in England,89 Brazil,90

and the United States.91 The OpenSAFELY study examined over

17 million adults in England and showed that a BMI > 40 was associ-

ated with a near doubling (HR: 1.92 CI: 1.72–2.13) of death from

COVID-19 compared with people who were not living with obesity, in

a model adjusted potential confounders including for age, sex, smok-

ing, index of multiple deprivation quintile, and comorbidities.92 In

addition, UK Biobank analyses have shown BMI to be associated with

a higher risk of hospitalization and death from COVID-19, particularly

in people under 70 years (in agreement with our age-related findings),

and in South Asian and African-Caribbean populations.88 It should be

noted that the observed association between excess weight and

COVID-19-related mortality may be influenced by reverse causality,

as those who are most likely to die with COVID-19 include the elderly

and those with other conditions associated with underweight weight

status.

Findings from included reviews,39,40,53 and findings from large UK

studies,86–88,92 suggest a broadly linear relationship between excess

weight and COVID-19 outcomes, with higher risk of COVID-19 infec-

tion and worse outcomes as BMI increases. These data suggest that if

an individual could lower their BMI, for example, from 36 to 31 kg/

m2, it could meaningfully reduce their risk of COVID-19 infection and

severe disease, despite their BMI still classifying them as living with

obesity. However, this remains to be proven as adequately powered

randomized controlled trials of the effects of weight loss on COVID-

19 risk and severity are yet to be concluded. Whether relatively small

amounts of weight loss can decrease COVID-19 severity is an area for

future research.

Despite the lack of available data in the included reviews that

examined the potential influence of ethnicity and socioeconomic sta-

tus as effect moderators, there are relevant primary studies that have

investigated this. A large prospective study in England87 found a sig-

nificant interaction (p < 0.0001) between BMI and ethnicity with a

higher HR per kg/m2 above 23 kg/m2 for people who identify as Black

ethnicity when compared with those who identify as White ethnicity,

for hospital admission (1�07 [1�06–1�08] vs. 1�04 [1�04–1�05]) and
mortality (1�08 [1�06–1�10] vs. 1�04 [1�03–1�04]). No differences

were observed between other ethnic group and those who identify as

a white ethnicity. More research is needed on the effect of ethnicity

on the association between excess weight and COVID-19 outcomes,

as well as the potential influence of regional fat distribution.

We observed no evidence in the included reviews to suggest that

sex moderates the association between excess weight and COVID-19

risk/outcomes. However, it does appear that age has an important

moderating influence, with the association being stronger in individ-

uals below 60 years of age. This is supported by prospective data col-

lected in 6.9 million community-based people in England that

suggests that BMI is a greater risk factor for COVID-19 severity for

younger people (aged 20–39 years) than for older people

(≥80 years),87 and also supported by data from the UK biobank that

showed a clear interaction in BMI to COVID-19 outcome risks in

those below and above 70 years of age.88 These data also fit with

findings in the general population where BMI is more strongly linked

to all-cause mortality in younger people, likely due to less reverse cau-

sality in this group,93 with strengths of association closer to findings

from genetic studies, as summarized.94 As expected, when comorbid-

ities were examined, they confounded the association between excess

weight and COVID-19 outcomes. Many comorbidities, which are
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associated with weight loss, are significant independent risk factors

for COVID-19 severity;84,85 therefore, this reverse causality may help

explain the confounding of the association between COVID-19 out-

comes and excess weight.

There are a variety of plausible biological mechanisms linking

excess weight and COVID-19 risk and outcomes. It appears likely that

these may act cumulatively, and to different extents in different indi-

viduals, to influence the observed association. An in-depth examina-

tion of potential biological mechanisms is provided in a number of

reviews,95–99 including some previously mentioned

reviews.33,42,47,48,53 Although these reviews highlight multiple poten-

tial biological mechanisms, further research is needed to fully eluci-

date the mechanistic explanations for the observed association.

It is important to note that factors not described in the included

reviews may play a role in the differentiation of disease outcomes by

weight status. People living with excess weight face not only unique

biological vulnerabilities and structural disparities but also weight

stigma. This stigma can lead to, and exacerbate, mental health condi-

tions and result in the delayed or avoidance of care because of bias

and humiliation experienced in healthcare settings.100,101 Additionally,

it appears likely that physical activity levels are also associated with

COVID-19 prognosis. Sallis et al.102 identified 48,440 adult patients

with a COVID-19 diagnosis and linked their self-reported physical

activity levels to their disease outcome. They found that patients with

COVID-19 who were consistently inactive (<10 min per week) had a

greater risk of hospitalization (OR: 2.26; 95% CI: 1.81 to 2.83), ICU

admission (OR: 1.73; 95% CI: 1.18 to 2.55), and death (OR: 2.49; 95%

CI: 1.33 to 4.67) due to COVID-19 than patients who were consis-

tently physically active for >150 min per week. This threshold aligns

with the UK Chief Medical Officers' Physical Activity Guidelines.103

Although physical activity and excess weight are interlinked, a sensible

recommendation to reduce population-level COVID-19 hospitaliza-

tion and mortality is to promote physical activity. This is particularly

important given the pandemic has been found to have reduced physi-

cal activity levels.104

4.1 | Limitations

There are limitations to the present umbrella review. First, the over-

all quality of the included reviews was generally poor, likely associ-

ated with the rapid publication rate that occurred during the peak

of the COVID-19 pandemic. Despite this, we did not identify any

systematic differences in outcomes between the different levels of

quality rated using the AMSTAR-2 tool. Second, it should be noted

that the semantics of disease severity differ between primary stud-

ies and between reviews. Additionally, the criteria for outcomes

such as hospitalization, ICU admission, IMV administration, and even

mortality reporting may be different between hospitals and between

countries. Definitions of excess weight/overweight/obesity within

the included reviews also varied. We did not include reviews that

were published in languages other than English, and this may impact

the results.

It should be noted that this umbrella review includes reviews pub-

lished up to May 2022. Since this date, a large Cochrane Review has

been published that concludes the association of obesity with mortal-

ity, and requiring a breathing tube is of high certainty but presents no

data on the potential moderating influences of ethnicity or socioeco-

nomic status.105 The findings of this Cochrane Review, which includes

studies published up to April 2021, largely align with the findings of

this umbrella review. Although it appears that new evidence is being

published at pace in this area, there seems to be consensus that

excess weight is substantially associated with more severe adverse

outcomes of COVID-19. However, importantly, the influence of mod-

erating factors appears to be missing in systematic reviews.

4.2 | Future considerations

Further research on the mechanisms explaining the association

between excess weight and COVID-19 would be beneficial. This

research may lead to the possibility of identifying therapeutic targets

and creating tailored treatment approaches to mitigate the risk of

COVID-19 infection and/or poor outcomes in people living with

excess weight. Additionally, large-scale interventions that show the

effect of meaningful intentional weight loss (via lifestyle, pharmaco-

therapy, or surgery) on risk of COVID-19 infection, and risk of poor

outcomes of COVID-19, would be of interest.

The COVID-19 pandemic has reduced access to weight manage-

ment services and support for individuals living with excess weight,

particularly around lockdowns, when face-to-face weight manage-

ment services were suspended.106 It is vital that people living with

excess weight are offered weight management services where

needed. Finally, the most effective strategy to protect against severe

COVID-19 outcomes is vaccination. To the best of our knowledge,

COVID-19 vaccine trials have shown no difference in vaccine efficacy

between BMI groups.107–109 Indeed, a population-based cohort study

has found a similar level of protection from severe COVID-19 in indi-

viduals with excess weight compared with those of a healthy

weight.110

4.3 | Conclusions

This umbrella review found evidence that living with excess weight

was associated with worse COVID-19 outcomes, and potentially

COVID-19 infection. The COVID-19 pandemic has highlighted excess

weight as a modifiable risk factor, that if appropriately addressed,

could help mitigate the impact of COVID-19. The pandemic has there-

fore expediated the need for renewed emphasis on, and investment

in, weight management services, as well as population strategies to

help people live healthier lives. Unfortunately, we identified very lim-

ited reporting on the influence of factors that may moderate the asso-

ciation between excess weight and adverse COVID-19 outcomes.

This should be addressed in future systematic reviews and meta-

analyses.
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