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Abstract

Aim: To assess the association of country-level obesity prevalence with COVID-19

case and mortality rates, to evaluate the impact of obesity prevalence on worldwide

variation.

Methods: Data on COVID-19 prevalence and mortality, country-specific governmen-

tal actions, socioeconomic, demographic, and healthcare capacity factors were

extracted from publicly available sources. Multivariable negative binomial regression

was used to assess the independent association of obesity with COVID-19 case and

mortality rates.

Results: Across 168 countries for which data were available, higher obesity preva-

lence was associated with increased COVID-19 mortality and prevalence rates. For

every 1% increase in obesity prevalence, the mortality rate was increased by 8.3%

(incidence rate ratio [IRR] 1.083, 95% confidence interval [CI] 1.048-1.119;

P < 0.001) and the case rate was higher by 6.6% (IRR 1.066, 95% CI 1.035-1.099;

P < 0.001). Additionally, higher median population age, greater female ratio, higher

Human Development Index (HDI), lower population density, and lower hospital bed

availability were all significantly associated with higher COVID-19 mortality rate. In

addition, stricter governmental actions, higher HDI and lower mean annual tempera-

ture were significantly associated with higher COVID-19 case rate.

Conclusion: These findings demonstrate that obesity prevalence is a significant and

potentially modifiable risk factor of increased COVID-19 national caseload and mor-

tality. Future research to study whether weight loss improves COVID-19 outcomes

is urgently required.
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1 | INTRODUCTION

The novel coronavirus disease 2019 (COVID-19), caused by severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has rapidly

spread across the globe since being first identified in Wuhan City,

China, in December 2019. It was declared a pandemic by the World

Health Organization (WHO) on March 11, 2020.1 By January 2021

the virus had spread to over 180 countries, infecting more than 95 mil-

lion people, of whom two million or more have died.2 For most peo-

ple, infection with SARS-CoV-2 requires no immediate medical

attention, but some will develop severe respiratory distress requiring

hospitalization, often in intensive care units (ICUs) with respiratory

support.1,3 This has overwhelmed health systems worldwide. Further-

more, governments have implemented stringent containment and
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prevention policies to restrict the spread of the virus, impacting the

physical and mental well-being of individuals as well as devastating

economies globally. The estimated world output in gross domestic

product (GDP) for 2020 was �3.5%, with the UK being amongst the

worst affected countries, having an estimated drop in GDP of

�10.0%.4 With the attainment of herd immunity being considered an

exit strategy, a worldwide vaccination initiative on an unprecedented

scale is being implemented. Early data are promising, with one study

showing a single dose reduces hospitalization and COVID-19-related

mortality by 80% and 85%, respectively.5 However, there is increasing

recognition that vaccination alone will not eradicate COVID-19. As

SARS-CoV-2 continues to evolve, new variants are emerging with the

potential of escaping vaccine-mediated immunity, posing the risk of

recurring outbreaks. This has forced societies to accept a new and

uncertain future as governments and individuals will likely need to

uphold containment and prevention measures as a long-term reality,

adopting behaviours such as mask wearing, social distancing and hand

hygiene as part of the new normal, whilst returning to sustainable

social and economic activities.6,7 Thus, identifying risk factors to pre-

dict individuals at high risk of contracting and developing serious

illness from the disease are crucial to prevent further loss of life and

reduce economic and healthcare burden.

COVID-19-related prevalence and mortality rates vary signifi-

cantly among countries.1 The United Kingdom and United States have

demonstrated some of the worst COVID-19 outcomes, with 1400

mortalities (52 000 cases) per million and 1200 mortalities (73 000

cases) per million, respectively, compared to countries such as China

and Thailand with 3.3 mortalities (68 cases) per million and 1.0 mortal-

ity (180 cases) per million respectively, by late January 2021.2 This

inter-country variation has fuelled research efforts into understanding

and explaining the variation. Studies have suggested that older age,

male sex, healthcare capacity, government containment policies and

population compliance with restrictive measures are associated with

increased COVID-19 burden.1,8-16

Increasingly, obesity has been associated with both COVID-19

severity and mortality.11,17-26 Similar associations have been observed

with other respiratory illnesses such as seasonal influenza, H1N1 and

Middle East respiratory syndrome, as those with obesity are dispro-

portionately at risk of hospitalization and mortality.23,27-29 However,

the extent to which obesity prevalence independently contributes to

country-level case and mortality rates is uncertain. A country-level

exploratory analysis found that obesity was associated with increased

caseloads and mortality.15 However that study was limited to 50 coun-

tries with the highest caseloads, analysed outcome data only for a few

months after the start of the pandemic (up to May 1, 2020), and did

not consider additional factors that may have an impact on COVID-19

outcomes. A different study used a multivariable regression model to

assess the association of obesity with COVID-19 mortality rate at the

country level; however, there was no analysis of COVID-19 case rate

with obesity and only 30 industrialized countries were included in the

model.30 Thus, the aim of this analysis was to evaluate the extent to

which obesity prevalence contributes to the variation in COVID-19

worldwide, by performing a country-level observational analysis

assessing country-specific COVID-19 case and mortality rates in rela-

tion to country-specific obesity prevalence rates, whilst accounting

for other potential confounding factors.

2 | METHODS

2.1 | Data extraction

All data were extracted from publicly available sources and, to ensure

as complete a dataset as possible, multiple sources were frequently

used. At the point of collection, the most recently available data were

obtained from the source cited. The number of cases and mortalities

(per million population), as well as date of first reported case, were

extracted from the WHO COVID-19 Dashboard.2 Due to the dynamic

nature of the pandemic, all case and mortality rates were collected

within a single time frame (up to January 22, 2021). Data on adult

obesity prevalence (%), the main predictor variable of interest, were

extracted from the WHO Global Health Observatory, World Obesity

Federation, and ProCon.org. It is defined as the proportion of the pop-

ulation (%) with a body mass index (BMI) greater than or equal to

30 kg/m2.31-34 Government response characteristics regarding testing

(daily tests/1000 population) and containment policy (Containment

and Health Index [CHI]) were both collected from Our World in Data

(OWD) on January 22, 2021 and February 2, 2021 respectively.35,36

The CHI is a composite measure of 13 policy response indicators,

scaled from 0 to 100 (100 = strictest): school closures; workplace clo-

sures; public event cancellations; restrictions on gatherings; public

transport closures; public information campaigns; stay-at-home mea-

sures; restrictions on internal movement; international travel controls;

testing policy; contact tracing; face coverings; and vaccination

policies.

Data collected included characteristics on demographics of coun-

tries. OWD and the World Population Review were used to extract

data on median population age, an indicator of age structure.37,38

Gender ratio was recorded as the female population proportion (%),

with data collected from OWD and NationMaster.39,40 Data on popu-

lation density, recorded as the number of people per km2 of land area,

were taken from the World Bank (WB) and World Population

Review.41,42 Alongside population density, urban population (%) was

also recorded as urban areas have emerged as epicentres of the pan-

demic, with data collected from OWD and the United Nations.43-45

Several social, economic and political variables were also included

as potential confounding factors. Human development was measured

using the Human Development Index (HDI), obtained from OWD,

which assesses three key dimensions of human development, scaled

from 0 to 1 (1 = most developed): a long and healthy life measured by

life expectancy at birth; access to knowledge of younger and older

generations, respectively, measured by the expected and average

years of schooling; and a decent standard of living, measured by gross

national income per capita.46 Democracy was measured using a scale

for political regime ranging from �10 (full autocracy) to +10 (full

democracy), taken from OWD.47 Data on GDP per capita, measured
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at current $US, were obtained from the International Monetary Fund

and the WB.48,49

Data on healthcare capacity and the strain on healthcare regard-

ing lifestyle and comorbidity factors, including the number of hospital

beds per 1000 population and daily tobacco smoking prevalence rates

(%), were collected from the WB and OWD, respectively.50,51 The

total burden of cardiovascular, respiratory, cancer and endocrine dis-

eases was measured using disability-adjusted life-years (DALYs) lost

(millions) from OWD. DALYs were the chosen metric as prevalence

rates were not recorded at the population level for all four groups of

diseases.52

Furthermore, data regarding a number of additional factors that

have been previously hypothesized to influence the transmission,

infectivity and severity of COVID-19 were further collected.53-58 Data

on Bacillus Calmette-Guérin (BCG) vaccination coverage were

extracted from the WHO and measured as the proportion of 1-year-

olds vaccinated with BCG (%).59 Temperature was measured as the

mean annual temperature from 1901 to 2016 (�C), obtained from

the WB.60 Finally, OWD provided data on air pollution, measured as

the mean annual exposure (μg/m3) to particulate matter ≤2.5 μg

(PM2.5).
61

2.2 | Statistical analysis

The outcome variables of interest were the rates of COVID-19-related

mortalities and COVID-19 cases (expressed per million population). As

mortality rate is an indicator of more severe disease and is less likely to

be influenced by factors such as COVID-19 testing and containment

and health policies, this was identified as the primary outcome of inter-

est. The unit of analysis was each individual country. A univariate analy-

sis was first performed to examine an association between outcome and

obesity prevalence. Scatter graphs were plotted with a regression line

and Spearman ρ was calculated to assess any significant correlation

(defined as P ≤ 0.01). However, a range of confounding variables are

known to influence COVID-19 infection and mortality rates, thus a mul-

tivariable analysis was conducted to assess the independent association

of obesity prevalence with COVID-19 case and mortality rates.

Poisson regression is typically used to assess count data. How-

ever, overdispersion (when the conditional variance exceeds the con-

ditional mean) was predicted with the country-level nature of the

dataset, thus precluding it as an appropriate model. Multivariable neg-

ative binomial regression accounts for overdispersion and was there-

fore used as a more appropriate model.

Variables included in the analyses were based on prior knowledge

or biological plausibility. Analyses were conducted to assess the effect

of obesity and other variables on COVID-19-related mortalities per

million population and COVID-19 cases per million population. In the

primary analysis, in addition to obesity prevalence, the covariates in

the multivariable negative binomial regression model included median

age, gender ratio, population density, HDI, hospital beds per 1000

population, smoking prevalence, and CHI. The exposure variable was

set as the (log) duration of COVID-19 exposure in days, calculated as

the interval between the date of the first reported case for each coun-

try until January 22, 2021. Additionally, a series of secondary analyses

were performed to assess the effect of further variables, including:

(a) daily tests per 1000 population; (b) BCG vaccination coverage;

(c) mean annual temperature; (d) percentage of urban population;

(e) democracy scale; (f) GDP per capita; (g) mean annual air pollution;

and (h) DALYs lost to cardiovascular, cancer, respiratory and endo-

crine diseases (a total of eight additional models). These variables

were not included in the primary model due to concerns over model

overfitting. Furthermore, the relationships between these variables

and the dependent outcomes are still unclear and therefore these ana-

lyses are exploratory.The goodness of fit of the primary model com-

pared to secondary models was assessed by Akaike's information

criterion, whereby lower values of the index indicate the preferred

model.62 The statistical significance of the model was assessed with

an Omnibus test. Statistical significance was defined as P < 0.05 and

confidence intervals (CIs) were set at 95%. All outcomes of the regres-

sion analysis were reported as exponential β coefficients (referred to

as incidence rate ratio [IRR]), whereby a value less than one suggests

a decreased likelihood and a value greater than one suggests an

increased likelihood of the outcome. All data were analysed using IBM

SPSS Statistics (version 27), Chicago, Illinois. Predictive graphs were

generated using Stata/SE (version 16), College Station, Texas.

3 | RESULTS

3.1 | Descriptive statistics

The characteristics of 168 countries, for which complete data regard-

ing COVID-19, demographics, socioeconomic and health-related fac-

tors were available, are summarized in Table 1. The median

(interquartile range [IQR]) number of COVID-19-related cases and

mortalities (per one million population) were 7350.0 (928.5-30 911.0)

and 85.0 (12.0-496.5), respectively. The median (IQR) prevalence of

obesity was 20.6 (8.9-25.6)% and for the CHI it was 60.3 (47.8-68.7).

The median of median ages was 29.5 (22.3-38.7) years and the

median proportion of females was 50.2% (49.7-50.9). The median

(IQR) population density was 84.6 (34.3-211.3) people per km2 of land

area and the median (IQR) HDI was 0.7 (0.6-0.8). The median (IQR)

number of hospital beds per 1000 people was 2.2 (1.1-4.0) and the

proportion of daily smokers was 16.4 (10.4-23.1)%. Finally,

the median (IQR) interval between the first reported case of COVID-

19 until January 22, 2021, was 320.0 (310.0-329.3) days.

3.2 | Association of obesity with COVID-19
mortality rate

A total of 191 out of 196 countries (97.4%) were included in the uni-

variate analysis assessing the association between obesity prevalence

and the rates of COVID-19-related mortalities (primary outcome) and

COVID-19 cases (secondary outcome) expressed per million
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population for each country. The countries excluded from this analysis

due to an incomplete univariate dataset were: Aruba, Liechtenstein,

Monaco, San Marino, and Taiwan. There was a positive correlation

between obesity prevalence and COVID-19 mortality rate (Spearman

ρ = 0.37; 95% CI 0.24-0.49; P < 0.001). The correlation was stronger

when the analysis was restricted to 168 countries with complete mul-

tivariate data availability (Spearman ρ = 0.55; 95% CI 0.43-0.65;

P < 0.001).

A total of 168 out of 196 countries (85.7%) had a complete multi-

variate dataset for the range of additional characteristics and, thus,

were included in the primary analysis (Table 1). The countries

excluded from this analysis due to an incomplete dataset were: Aruba,

Antigua and Barbuda, Armenia, Comoros, Equatorial Guinea, Grenada,

Guinea-Bissau, Kiribati, Liechtenstein, Maldives, Marshall Islands,

Micronesia, Monaco, Montenegro, Nauru, North Korea, North Mace-

donia, Palau, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the

Grenadines, Samoa, San Marino, Sao Tome and Principe, Taiwan,

Tonga, Turkmenistan, and Tuvalu (Table 2). Obesity prevalence was

positively, significantly and independently associated with COVID-19

mortality rate (Table 3). For every 1% increase in obesity prevalence,

the mortality rate was higher by 8.3% (IRR 1.08, 95% CI 1.05-1.12;

P < 0.001; Figure 1). Other variables that significantly predicted

COVID-19 mortality rate were median age (every 1-year increase in

median age associated with a 5.7% higher mortality rate), gender ratio

(every 1% increase in female population increasing the mortality rate

by 10.5%), population density (every one person increase per km2 of

land area decreasing the mortality rate), HDI (with every one-unit

increase raising the mortality rate by 2456.1%), and hospital bed

availability per 1000 population (with every additional bed per 1000

population decreasing the association with mortality rate by 15.2%).

CHI (P = 0.067) and daily smoking prevalence (P = 0.63) were not

associated with mortality rate.

The additional variables included in the series of secondary ana-

lyses did not show any significant association with mortality rate,

including: (a) new daily tests/1000 (P = 0.41); (b) BCG immunization

coverage among 1-year olds (P = 0.93); (c) mean annual temperature

TABLE 1 Descriptive statistics of country-level characteristics
(n = 168a)

Median (IQR)

Deaths/million population 85.0 (12.0-496.5)

Cases/million population 7350.0 (928.5-30 911.0)

Obesity prevalence, % 20.6 (8.9-25.6)

Containment and health index 60.3 (47.8-68.7)

Median age, years 29.5 (22.3-38.7)

Female ratio, % 50.2 (49.7-50.9)

Population density, people/km2 of land

area

84.6 (34.3-211.3)

Human development index 0.7 (0.6-0.8)

Hospital beds/1000 population 2.2 (1.1-4.0)

Daily smoking prevalence, % 16.4 (10.4-23.1)

Duration of exposure, % 320.0 (310.0-329.3)

Note: The Containment and Health Index is a composite measure of 13

policy response indicators, scaled from 0 to 100 (100 = strictest). The

Human Development Index assesses three key dimensions of human

development, scaled from 0 to 1 (1 = most developed). The duration of

COVID-19 in days is calculated from the date of the first reported case for

that particular country until January 22, 2021.

Abbreviation: IQR, interquartile range.
aOf the 191 countries included in the initial univariate analysis, only 168

countries had complete multivariate data available and were thus included.

TABLE 2 Available data for the countries excluded from the
primary analysis due to an incomplete multivariate dataset (n = 28)

Available data, %

Deaths/million populationa 96.4

Cases/million populationa 96.4

Obesity prevalence, % 89.3

Containment and health index 28.6

Median age, years 100.0

Female ratio, % 100.0

Population density, people/km2 of land area 96.4

Human development index 78.6

Hospital beds/1000 population 96.4

Daily smoking prevalence, % 71.4

Duration of exposure, days 71.4

Note: The Containment and Health Index is a composite measure of 13

policy response indicators, scaled from 0 to 100 (100 = strictest). The

Human Development Index assesses three key dimensions of human

development, scaled from 0 to 1 (1 = most developed). The duration of

COVID-19 in days is calculated from the date of the first reported case for

that particular country until January 22, 2021.
aTaiwan was the only country with missing data on COVID-19 case and

death rates.

TABLE 3 Association of obesity prevalence and other variables
with COVID-19 mortality rate across 168 countries

Variable IRR (95% CI) P

Obesity prevalence, % 1.083 (1.048-1.119) <0.001

Containment and health index 1.014 (0.999-1.030) 0.067

Median age, years 1.057 (1.005-1.112) 0.033

Female ratio, % 1.105 (1.043-1.171) <0.001

Population density, people/km2

of land area

1.000 (0.999-1.000) 0.001

Human development index 24.561 (0.994-607.160) 0.050

Hospital beds/1000 population 0.848 (0.751-0.957) 0.007

Daily smoking prevalence, % 1.008 (0.976-1.042) 0.30

Note: The Containment and Health Index is a composite measure of 13

policy response indicators, scaled from 0 to 100 (100 = strictest). The

Human Development Index assesses three key dimensions of human

development, scaled from 0 to 1 (1 = most developed). The duration of

COVID-19 in days is calculated from the date of the first reported case for

that particular country until January 22, 2021.

Abbreviations: CI, confidence interval; IRR, incidence rate ratio.
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(�C; P = 0.93); (d) urban population (%) in place of population density

(P = 0.89); (e) political regime (P = 0.23); (f) GDP per capita (current

$US) in place of the HDI (P = 0.65); (g) PM2.5 air pollution (μg/m3;

P = 0.80); and (h) DALYs (millions) lost to cardiovascular (P = 0.56),

cancer (P = 0.56), respiratory (P = 0.83), and endocrine (P = 0.47) dis-

eases. Obesity prevalence continued to demonstrate a positive and

significant association with COVID-19 mortality in all secondary

analyses.

3.3 | Association of obesity with COVID-19
case rate

Univariate analysis demonstrated that, across the 191 countries with

a complete univariate dataset there was a significant and positive

correlation between obesity prevalence and COVID-19 case rate

(Spearman ρ = 0.38; 95% CI 0.25-0.50; P < 0.001). The correlation

was stronger when the analysis was restricted to 168 countries with

complete multivariate data availability (Spearman ρ = 0.58; 95% CI

0.45-0.67; P < 0.001).

Across the 168 countries with a complete multivariate dataset,

obesity prevalence was positively, significantly and independently

associated with COVID-19 case rate (Table 4). For every 1% increase

in obesity prevalence, the case rate was higher by 6.6% (IRR 1.07,

95% CI 1.04-1.10; P < 0.001). Thus, as obesity prevalence increases,

the predicted case rate is higher (Figure 2). Other variables that signifi-

cantly predicted COVID-19 case rate were the CHI (every one-unit

increase raising the case rate by 2.6%) and the HDI (every one-unit-

increase raising the case rate by 2374.0%). Median age (P = 0.071),

gender ratio (P = 0.51), population density (P = 0.76), daily smoking

prevalence (P = 0.49), and hospital bed availability (P = 0.28) were

not associated with case rate.

Upon including the eight additional variables in the series of sec-

ondary analyses, only mean annual temperature showed a significant

association with case rate, with every 1�C increase lowering the case

rate by 3.5% (IRR 0.965; P = 0.040). All other variables showed no

significant association with case rate, including: (a) new daily tests/

1000 (P = 0.67); (b) BCG immunization coverage among 1-year-olds

(P = 0.37); (c) urban population (%) in place of population density

(P = 0.41); (d) political regime (P = 0.26); (e) GDP per capita (current

$US) in place of the HDI (P = 0.61); (f) PM2.5 air pollution (μg/m3;

P = 0.99); and (g) DALYs (millions) lost to cardiovascular (P = 0.41),

cancer (P = .43), respiratory (P = 0.36) and endocrine (P = 0.83)

F IGURE 1 The relationship
of predicted COVID-19 mortality
rate associated with obesity
prevalence. Error bars show 95%
confidence intervals. The
predicted COVID-19 mortality
rate associated with obesity
prevalence is independent of
other factors included in the

primary model

TABLE 4 Association of obesity prevalence and other variables

with COVID-19 case rate across 168 countries

Variable IRR (95% CI) P

Obesity prevalence, % 1.066 (1.035-1.099) <0.001

Containment and health index 1.026 (1.011-1.040) 0.009

Median age, years 1.041 (0.997-1.087) 0.071

Female ratio, % 1.017 (0.968-1.067) 0.510

Population density, people/km2

of land area

1.000 (1.000-1.000) 0.760

Human development index 23.740 (1.410-399.677) 0.028

Hospital beds/1000 population 0.942 (0.844-1.051) 0.280

Daily smoking prevalence, % 1.011 (0.981-1.041) 0.490

Note: The Containment and Health Index is a composite measure of 13

policy response indicators, scaled from 0 to 100 (100 = strictest). The

Human Development Index assesses three key dimensions of human

development, scaled from 0 to 1 (1 = most developed). The duration of

COVID-19 in days is calculated from the date of the first reported case for

that particular country until January 22, 2021.

Abbreviation: IRR, incidence rate ratio.

FOO ET AL. 2701



diseases. Obesity prevalence continued to demonstrate a positive and

significant association with COVID-19 case rate in all secondary

analyses.

4 | DISCUSSION

In support of a growing body of evidence, the results of the present

study demonstrate that the level of obesity is a clear independent

predictor of COVID-19 mortality and risk of infec-

tion.15,19-22,24-26,63,64 A global meta-analysis that assessed the epi-

demiological relationship between obesity and COVID-19

demonstrated that, across 35 studies, individuals with obesity were

at a significantly higher risk of mortality (odds ratio [OR] 1.48, 95%

CI 1.22-1.80) and an early study in China demonstrated that individ-

uals with obesity were significantly more likely to develop severe

disease (OR 3.40, 95% CI 1.40-2.86).20,23 A recent prospective,

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

reported that, at a BMI of more than 23 kg/m2, there was a linear

increase in risk of severe COVID-19 leading to admission to hospital

and death, and a linear increase in admission to ICUs across the

whole BMI range, which was not attributable to excess risks of

related diseases.65 There have also been some reports of insignifi-

cant and inverse correlations between obesity and COVID-19

severity and mortality, such as one meta-analysis which demon-

strated that across four studies there was no significant association

between obesity and COVID-19 mortality (P = 0.072).20,23 The

extent to which obesity prevalence independently contributes to

country-level case and mortality rates is uncertain, and our analysis

adds to the evidence. Furthermore, our analysis has a greater power

to detect population-level risk factors for COVID-19-related mor-

bidity and mortality as it utilised population-level data available

from publicly available, reliable sources and used each country as

the per capita rather than individuals.

Whilst the underlying mechanisms on how obesity influences

COVID-19 severity and mortality are not completely understood, sev-

eral hypotheses have been suggested. Obesity is thought to bring

about changes in pulmonary mechanics and function which, coupled

with a possibly dysfunctional immune system and increased likelihood

of comorbidities, predisposes individuals with obesity to severe respi-

ratory infections.17 Obesity has a range of effects on the pulmonary

mechanics of the lungs. For example, the accumulation of fat deposits

within the thorax and abdominal cavity, associated with central obe-

sity, has adverse effects on lung compliance as intra-abdominal fat

mass restricts movement of the diaphragm and chest well. This

reduces the functional residual capacity of the lung, with a possible

detriment to COVID-19 prognosis.17,66 Additionally, there are a range

of physical challenges to the critical care of COVID-19 patients with

obesity. Prone-positioning is a recommended practice in the treat-

ment of acute respiratory distress syndrome (ARDS), a common respi-

ratory manifestation in severe COVID-19, as it improves both air

entry to posterior lung regions and drainage of airway secretions.17

This is particularly important in the treatment of COVID-19 patients

with obesity as they demonstrate an increased susceptibility to devel-

oping ARDS compared to lean adults.67 However, prone-positioning

requires regular turning of the sedated individual, which can prove

physically demanding for ICU staff treating those with obesity.17

Being an individual with obesity is also associated with dysregulation

of the immune system, potentially having adverse effects upon infec-

tion with SARS-CoV-2. Adipose tissue is a recognized endocrine organ

that secretes adipokines, cytokines and chemokines which maintain a

balanced pro- and anti-inflammatory environment. However, obesity

significantly alters the profile of immune cells and offsets this balance.

An increase in proinflammatory cells, such as CD8+ T cells and M1

F IGURE 2 The relationship
between predicted COVID-19
case rate with obesity
prevalence. Error bars show 95%
confidence intervals. The
predicted COVID-19 case rate
associated with obesity
prevalence is independent of
other factors included in the

primary model
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macrophages, with the consequent release of proinflammatory cyto-

kines such as interleukin-6 and C-reactive protein, induces a state of

low-grade chronic inflammation which is characteristic of obesity.

Recent studies have linked COVID-19 severity with a dysregulation of

proinflammatory cytokines. Therefore, acute inflammation from

COVID-19 may exacerbate the underlying state of chronic inflamma-

tion, which can ultimately trigger a hyper-inflammatory

response.17,20,68 This is consistent with a study that identifies low-

grade inflammation as a risk factor for severe COVID-19, suggesting it

partly explains the high hospitalization rate amongst those with obe-

sity.69 Obesity in an individual is also associated with a range of addi-

tional comorbidities and risk factors for COVID-19.11,17,20,68,70 A

meta-analysis demonstrated that the relative risk of developing severe

COVID-19 or mortality was significantly higher in patients with car-

diovascular disease (OR 3.11, 95% CI 2.55-3.79), hypertension

(OR 2.50, 95% CI 2.15-2.9) and diabetes (OR 2.25, 95% CI 1.89-2.69),

conditions which are all associated with obesity.70 Thus, worse

COVID-19 prognosis in individuals with obesity may partly be

explained by pre-existing comorbidity; however, it is clear that there

are also various additional mechanisms that possibly explain the effect

of obesity on COVID-19 severity and mortality.

Consistent with a range of literature, the findings of this study

clearly identify obesity as an independent predictor of COVID-19

prevalence.15,20,24,63,64 As presented in the previous global meta-anal-

ysis, the pooled data of 20 studies demonstrated an increased odds of

testing positive for COVID-19 in those with obesity compared to indi-

viduals of normal weight (OR 1.46, 95% CI 1.30-1.65).20 One study

using UK Biobank data showed that obesity almost doubles the risk of

COVID-19 (RR 1.97, 95% CI 1.46-2.65).63 A study in Mexico showed

a significantly higher proportion of obesity amongst patients who

tested positive for COVID-19 compared to those without a confirmed

diagnosis (17.4% vs. 12.8% respectively).24 Although the majority of

literature support the findings of this study, there has been some con-

flicting evidence.71 For example, one analysis using UK Biobank data

showed an insignificant association between obesity and testing

COVID-19 positive (OR 1.09, CI 0.99-1.19).72

There is a lack of available literature that proposes underlying

mechanisms which explain the effect of obesity on COVID-19 preva-

lence. The high prevalence of obesity amongst COVID-19-positive

individuals may be rooted in the disrupted T-cell response outlined

above, making the individual more susceptible to infection.20,73 How-

ever, it is likely that the high prevalence of obesity among COVID-19

cases is reflective of the high obesity prevalence in the general

population, with a global rate of 13%.33 This highlights the need for

further research into explaining how obesity influences COVID-19

prevalence.

Obesity does not account for all the variation in COVID-19 cases

and mortalities worldwide, and a number of additional variables have

been identified as independent predictors of COVID-19 prevalence

and mortality. Across all variables, the HDI showed the largest associ-

ation with COVID-19 case and mortality rate. A recent commentary

postulates that the “hygiene hypothesis” may partly explain this

observation, suggesting that low socioeconomic countries with poorer

hygiene may train a more robust innate immune system during child-

hood due to frequent exposure to environmental microbes, ultimately

minimizing the susceptibility and severity to COVID-19.74 Older age

was identified as an independent predictor of COVID-19 mortality,

which is consistent with an extensive range of studies that identify

age as a risk factor for COVID-19 severity.1,8,10,11,19,71,75,76 Similarly,

greater hospital bed availability was shown to independently predict a

lower COVID-19 mortality rate, which is unsurprising as increased

healthcare capacity would allow countries to treat surges in COVID-

19 cases more effectively.14 An unexpected finding was that the pro-

portion of females in a population was positively associated with

COVID-19 mortality rate, contradicting the majority of the available

literature which implicate male sex as a risk factor for COVID-19

severity.8,10,12,19,64,69 This may reflect global variations in socioeco-

nomic and work-related factors amongst the sexes, or it may have

arisen from using two sources to complete data collection, which

could have impeded the accuracy of the dataset. However, in support

of our findings one study showed that a higher BMI was associated

with a stronger risk of COVID-19 mortality in women than men.77

The association of sex with COVID-19 mortality requires further

investigation. Interestingly, smoking prevalence was not significantly

associated with COVID-19 prevalence or mortality. The available liter-

ature suggests that the effect of daily smoking on COVID-19 is con-

troversial; however, the majority of studies suggest smoking is

positively associated with COVID-19 severity.78-81 Additionally, the

CHI was associated with a higher prevalence of COVID-19, which is

intriguing as this contradicts the very purpose of introducing contain-

ment and prevention measures. Alternatively, this may reflect the fact

that countries with a higher caseload may need to implement more

stringent containment and prevention measures. Studies analysing

government response to COVID-19 have mixed findings and it is clear

that further investigation is needed to firmly assess the effect of con-

tainment and prevention measures on the spread of COVID-

19.15,45,82,83 Population density has been shown to be a significant

predictor of COVID-19 mortality, although the magnitude of the

effect appears to be modest. There are conflicting studies assessing

the impact of population density on COVID-19 mortality.30,84,85 Sur-

prisingly, population density was not associated with COVID-19 prev-

alence in the present study, which contradicts much of the available

literature.56,85,86 Mean annual temperature was shown to be an inde-

pendent predictor of COVID-19 prevalence and was the only variable

in the secondary analyses that yielded a significant result. This con-

tributes to an emerging body of evidence that implicates higher tem-

perature in reduced spread of COVID-19.55,57,87 However, the

evidence surrounding this association is under a lot of debate and

requires further investigation.

To the best of our knowledge, this is the first observational study

to assess the association of obesity with COVID-19 case and mortal-

ity rates on a global scale, accounting for a wide range of country-

level characteristics. The proportion of missing data in the primary

analysis was low and 86% of countries had complete datasets, making

the analysis largely generalizable to the global population. Further-

more, incomplete datasets for countries may indicate less reliable

FOO ET AL. 2703



reporting from countries, thus their exclusion from the analysis may

have improved the reliability of results. Nonetheless, the 14% of

countries excluded from the analysis due to incomplete datasets may

have introduced some unintended bias. Additionally, in order to

obtain as complete datasets as possible, multiple sources were often

used for a single variable, potentially affecting the accuracy of data.

The prevalence rates for cardiovascular and respiratory diseases were

not available, thus “DALYs lost” was the chosen metric for the

country-level burden of comorbidities associated with COVID-19 as

data were readily available. This also ensured consistency across all

four categories of disease. The results demonstrate no significant

association of comorbidities with COVID-19 case or mortality rate,

even when obesity was excluded from the regression model, which

contradicts extensive literature.1,8,11,64,70-72,75,88,89 DALYs may not

have been the most appropriate metric to use, with possible impacts

on the reliability of results.

The findings of this study strengthen evidence for an independent

association of obesity with increased COVID-19 prevalence and mor-

tality rates worldwide. This has important implications for those with

obesity, as well as for healthcare professionals and policy makers. Fur-

ther research is required to better understand the cellular and molecu-

lar mechanisms that predispose those with obesity to increased risk of

COVID-19 infection and mortality. This will aid the development

of interventional and prophylactic therapies against COVID-19 and

potentially future pandemics. Importantly, the immunological impair-

ment of individuals with obesity should be considered in the improve-

ment and development of vaccines. Policy makers should continue to

recognize the immediate risk of those with obesity in the current pan-

demic, with emphasis on shielding prior to vaccination. Ultimately, fur-

ther research into the biological, socio-cultural and economic drivers

of obesity is necessary in combating the obesity crisis worldwide.

Public health interventions, such as weight loss initiatives, may be crit-

ical in reducing the level of obesity in the general population, how-

ever, this will require concerted and sustained efforts by

governments, industry and society. This will help improve resilience

and reduce the burden on individuals, as well as on healthcare sys-

tems and the economy in future pandemics.

In conclusion, the findings of this study demonstrate that obesity

is a significant and independent predictor of COVID-19 prevalence

and mortality. This is the first study to assess the statistical and inde-

pendent association of obesity with COVID-19 case and mortality

rates on a global scale.
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