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Background and aims: COVID-19 is an ongoing global pandemic, affecting nearly 35 million people from
214 countries as at September 30, 2020 and emerging evidence suggests that obesity is a potential risk
factor for communicable diseases, including viral infections. Therefore, we investigated the relationship
between obesity prevalence of the total adult population and COVID-19 infection and mortality rates, in
different countries.

Methods: A total of 54 countries from six continents were selected. Country-specific obesity prevalence

Ié?'e";’i‘;;ds" data were retrieved from the latest non-communicable diseases profiles released by the Non-
COVID-19 communicable Diseases and Mental Health Cluster of World Health Organization, while the real time
Prevalence statistics from the Worldometer website were used to extract data on COVID-19 infections and mortality
Mortality per million of the total population as of September 30, 2020.

Results: Obesity prevalence data ranged from 2.0% (Vietnam) to 35.0% (Saudi Arabia). Among the selected
countries, the highest number of COVID-19 cases per million was documented in Qatar (n = 44,789)
while the lowest was reported from Vietnam (n = 11). Highest mortality per million population due to
COVID-19 infections occurred in Peru (n = 981), in contrast with the smallest number reported in
Mongolia (n = 0). A significant positive correlation (r = 0.46; p < 0.001) was observed between the total
number of COVID-19 infections and the prevalence of obesity. COVID-19 mortality was also significantly
correlated (r = 0.34; p < 0.05) with the prevalence of obesity.
Conclusions: Obesity prevalence in each country was significantly associated with both infection and
mortality rate of COVID-19.

© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

COVID-19 has emerged as a global pandemic, affecting almost
35 million people as of September 30, 2020. While the USA, India
and Brazil reported the highest number of confirmed cases, there
are significant variations in the prevalence, severity and mortality
associated with COVID-19 among different countries [1]. Variations
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are possibly attributable to differences in health care facilities and
potential risk factors such as gender, age, chronic diseases, and
other underlying health conditions [2]. For example, in a survival
analysis conducted soon after the outbreak of COVID-19 in Wuhan
Province, China, a high severity rate was observed among male
patients over 65 years with underlying comorbidities such as dia-
betes, hypertension, coronary heart disease, and respiratory dis-
eases [3]. Moreover, a recent study exploring multiple potential
mechanisms responsible for the severity of COVID-19 infections,
suggested that obesity could be a risk factor which mediates pro-
gression to a critical stage [4].
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Obesity has long been linked with higher risk of non-
communicable diseases (NCDs) [5], however previous research
has established it is also associated with an increased risk of viral
infections [6]. According to World Health Organization (WHO) es-
timates, more than 1.9 billion adults (>18 years), were overweight
and over 650 million were obese in 2016. This number has tripled
within the last two decades [7]. A retrospective review of adult
patients admitted with COVID-19 showed that 33% of obese pa-
tients had a higher rate of ICU admission and intubation, compared
to normal-weight patients (21%, p = 0.001) and 78% of this number
were more likely to suffer from fever and shortness of breath [8].
Similarly, COVID-19 patients with a body mass index (BMI) of
30—34 kg m~2 and >35 kg m~2 had 1.8 times and 3.6 times greater
probability of being admitted to acute and critical care, respectively,
than patients with a BMI <30 kg m~2 [9]. Simonnet et al. also
observed that the proportion of COVID-19 patients who required
IMV (Invasive Mechanical Ventilation) in critical care increased
with BMI values, where 85.7% of patients with a BMI >35 kg m >
needed IMV upon admission [10]. Furthermore, Huang and co-
workers reported that the BMI values >28 kg m~2 were indepen-
dently associated with the severity of COVID-19 disease (OR: 5.872;
p = 0.008) [11].

Therefore, it will be valuable to explore the impact of country-
specific obesity prevalence on both infection rate and severity of
COVID-19. It is critically important to plan and implement sound
preventive and therapeutic strategies to reduce the risk of severity
and mortality of COVID-19, and to tackle the resultant economic
crisis. Hence, we aimed to investigate the relationship of country-
specific obesity prevalence with respect to infection and mortal-
ity rates from COVID-19 across different countries.

2. Methods
2.1. Data sources and inclusion/exclusion criteria

The real time statistics of total numbers of COVID-19 cases and
deaths per million of the total population of selected countries as of
September 30, 2020, were retrieved from the Worldometer website
[1]. This source includes data from individual countries derived
directly from official government reports or indirectly, through
local media sources which are deemed reliable. Recent country
profiles released by the Non-communicable Diseases and Mental
Health Cluster (NMH) of World Health Organization presenting key
facts on NCDs, were examined for obesity prevalence data [12],
where obesity has been defined as BMI <30 kg m~2. Countries were
selected based on the following inclusion/exclusion criteria: a) total
population of the country >1 million; b) attenuated the first wave
of COVID-19; c) scale flattened following a clear first peak;
d) > 10,000 PCR tests done per million of the total population and e)
not facing a second wave at the time of reporting.

2.2. Data extraction and analysis

Data were extracted from the NCD country profiles and the
Worldometer website by one reviewer (DT]) using a standardized
form and checked for accuracy by a second reviewer (PR). The data
extracted were: country name, continent, total population, number
of COVID-19 infections per million population, COVID-19 mortality
per million population, PCR tests done per million population, year
of the NCD reports and obesity prevalence of adults. Discrepancies
in the extracted data were resolved by discussion, with involve-
ment of a third reviewer when necessary (R]). The relationship
between the prevalence of obesity and other dependent variables —
total number of COVID-19 infections per million population and
total number of COVID-19 mortalities per million population, were
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explored with correlation coefficients. Scatter plots were utilized to
gain a visual representation of the correlation and the outcomes
were analyzed by drawing a regression line. All countries were
represented by a 3-letter country code based on the ISO (Interna-
tional Organization for Standardization) 3166, retrieved from the
Terminology Bulletin Country Names and the Country and Region
Codes for Statistical Use maintained by the United Nations Statistics
Divisions [13].

3. Results

A total of 54 countries, satisfying the inclusion/exclusion
criteria, were selected among six geographic regions (Asia-19;
Africa-15; Europe-8; South America-6; North America-4; Oceania-
2). With regards to obesity prevalence data, Saudi Arabia showed
the highest obesity prevalence of 35.0% while Vietnam showed the
lowest value of 2.0%. As of September 30, 2020, the number of
COVID-19 infections ranged from 11 to 44,789 per million of the
total country population, where the lowest and highest number of
cases per million were reported in Vietnam and Qatar, respectively.
The highest number of mortalities, 981 deaths per million, occurred
in Peru, while zero deaths were reported in Mongolia.

The total population affected by COVID-19 showed a significant
positive correlation (r = 0.46; p < 0.001) with the prevalence of
obesity (Fig. 1). Moreover, our comparison suggested that 21% of the
variation in the total infections can be attributed to the high
prevalence of obesity among susceptible individuals (R*> = 0.21).
The regression line generated from the correlation analysis showed
an upward trend, and as expected, most countries were scattered
around the line, with a few countries, including Singapore, Qatar,
Peru and Chile, as outliers. The correlation effect was not signifi-
cantly changed after removing the outliers from the analysis.

The lower end of the line was densely populated by most of the
Asian and African countries, indicating a low prevalence of obesity
and a low infection rate. However, Asian countries showed greater
variation in obesity prevalence and number of COVID-19 infections.
Among the African countries, South Africa showed the highest
obesity prevalence and number of infections. All European coun-
tries, except Spain and Sweden, were clustered below the upper
middle of the regression line with moderate obesity prevalence and
infection rate. In contrast, all South American countries except
Uruguay were clustered above the upper middle of the regression
line, with moderate obesity prevalence and high infection rate.
Despite the high prevalence of obesity, Oceanic countries had a
lower number of infections. Countries in the Middle East such as
Saudi Arabia and Qatar were located around the top end of the
regression line with higher values for both obesity prevalence and
number of infections.

COVID-19 mortalities per million population was also signifi-
cantly positively correlated with obesity prevalence (r = 0.34;
p < 0.05) (Fig. 2). Most countries were scattered around the
regression line, indicating 12% variability among the mortalities
being due to high prevalence of obesity (R* = 0.12). The bottom end
of the regression line was populated by Asian and African countries
with low levels of obesity prevalence and COVID-19 fatalities. Even
though a wide range of obesity prevalence (2.0%—35.0%) was
observed among Asian countries, none had higher levels of mor-
tality, including Middle Eastern countries such as Qatar, Turkey and
Saudi Arabia. All European countries (excluding Spain and Sweden),
had moderate levels of obesity prevalence as well as mortalities.
However, most Latin American countries as was the case for Spain
and Sweden, had higher mortality numbers, despite moderate
levels of obesity. Countries in Oceania showed a lower mortality
rate and high prevalence of obesity.
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Fig. 1. Correlation between the number of COVID-19 infections per million population and the prevalence of obesity among the selected countries, as of September 30, 2020.

AUS-Australia; AZE-Azerbaijan; BEN-Benin; BGD-Bangladesh; BLR-Belarus; BOL-Bolivia; BWA- Botswana; CHL- Chile; CHN-China; COL-Colombia; CYP-Cyprus;DEU-Germany; DOM-
Dominican Republic; ECU-Ecuador; ESP-Spain; GAB-Gabon; GHA-Ghana; GNQ- Equatorial Guinea; GTM-Guatemala; HRV-Croatia; JPN-Japan; KAZ- Kazakhstan; KEN-Kenya; KGZ-
Kyrgyzstan; KOR-South Korea; LKA-Sri Lanka; LVA-Latvia; MEX-Mexico; MNG-Mongolia; MRT-Mauritania; MUS-Mauritius; MYS-Malaysia; NAM-Namibia; NOR-Norway; NZL-New
Zealand; OMN-Oman; PAK-Pakistan; PER-Peru; QAT-Qatar; RWA-Rwanda; SAU-Saudi Arabia; SEN-Senegal; SLV-El Salvador; SGP-Singapore; SRB-Serbia; SWE-Sweden; SWZ-
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Oceania.

4. Discussion

The results of our analysis demonstrate that obesity prevalence
is a potential risk factor for both COVID-19 infection rate and
mortality. This is in accordance with findings of previous studies
[9,10,14]. To the best of our knowledge, this is the first research to
report on the potential the impact of country-specific obesity
prevalence on infection and mortality rate associated with the
COVID-19 epidemic.

Only 54 of 214 affected countries globally, surpassed the first
wave of COVID-19 infections and satisfied other inclusion criteria.
Nearly one third of the countries were selected from the Asian
continent. However, this is consistent with previous epidemiolog-
ical findings, highlighting that the very first outbreak of the SARS
CoV-2 virus occurred in China and subsequently spread to other
continents [15]. Consequently, these countries were able to flatten
the number of COVID-19 infections earlier compared to others that
have emerged as new epicenters [16]. For example, Mongolia,
which shares a border with China, has successfully contained the
virus with a reported 300 cases and zero deaths [1]. This result may
have been possible due to early and strict border closures or being
one of the least densely populated countries in the world [17].

Our results revealed that obesity prevalence is a significant risk
factor among the susceptible individuals to be infected by SARS-
CoV-2 virus, but the largest proportion of COVID-19 mortalities
were reported among countries with moderate obesity prevalence.
Generally, countries with higher obesity prevalence rates are also
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economically developed and citizens provided with well-
established and highly equipped health care facilities. Therefore,
we presume that the lower number of COVID-19 fatalities in these
countries, despite a higher infection rate, can be attributed to their
advanced medical care. Remarkably, the wealthiest country
included in our study [18], Qatar, reported the maximum number of
COVID-19 infections (n = 44,789) with only 76 mortalities, despite a
high obesity prevalence rate (34%). The same pattern was observed
in other affluent countries such as Saudi Arabia, Germany, Australia
and New Zealand with a significantly lower number of fatalities
despite more than 25% of the total adult population with obesity.
This paradox can be attributed to several factors, advanced pre-
ventive and curative health policies, political leadership and mean
age of the population. In contrast, South American countries like
Peru, Chile and Ecuador have a higher number of mortalities,
despite a moderate level of obesity, due to limited health care fa-
cilities [19]. We observed that Spain and Sweden had a higher rate
of COVID-19 mortalities compared to other European countries, as
they were affected in the initial months soon after the breakout and
during that time, knowledge regarding the treatment of COVID-19
was limited.

4.1. Limitations

Our study has several limitations. The BMI value of 30 kg m~2
was considered as the cut-off point for defining obesity among the
sample population. Even though this is in accordance with other
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Fig. 2. Correlation between the number of COVID-19 mortalities per million population and the prevalence of obesity among the selected countries, as of September 30, 2020.

AUS-Australia; AZE-Azerbaijan; BEN-Benin; BGD-Bangladesh; BLR-Belarus; BOL-Bolivia; BWA- Botswana; CHL- Chile; CHN-China; COL-Colombia; CYP-Cyprus; DEU-Germany;
DOM-Dominican Republic; ECU-Ecuador; ESP-Spain; GAB-Gabon; GHA-Ghana; GNQ- Equatorial Guinea; GTM-Guatemala; HRV-Croatia; JPN-Japan; KAZ- Kazakhstan; KEN-Kenya;
KGZ-Kyrgyzstan; KOR-South Korea; LKA-Sri Lanka; LVA-Latvia; MEX-Mexico; MNG-Mongolia; MRT-Mauritania; MUS-Mauritius; MYS-Malaysia; NAM-Namibia; NOR-Norway; NZL-
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observational studies [20], different cut-off points can be employed
to define obesity among different ethnic groups. For instance,
among Asian countries, a BMI value of 27 kg m~2, i.e. lower than
WHO criteria, is used as the cut-off value for obesity [21]. In
contrast, for Pacific Islanders, a BMI value of 32 kg m~?2, higher than
WHO criteria, is used as the cut-off value for obesity [22].
Furthermore, obesity data were obtained from a secondary source
— WHO, therefore updated and most recent prevalence data may
have been missed. Although recently published regional data on
the prevalence of obesity are available for countries like Singapore,
we used WHO country reports with the intention of possibly
reducing substantial discrepancies between countries.

In addition, we excluded countries such as the USA, India and
Brazil as they failed to satisfy one of our inclusion criteria of suc-
cessfully flattening the curve of COVID-19 infections. Infection
curves in these countries are still on exponential phase with nearly
one-third of total global COVID-19 [1]. However, the countries
which satisfy our inclusion criteria will likely change in coming
days/weeks, and we expect to incorporate the changes in future
analyses.
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4.2. Future perspectives

Indeed, people worldwide should be encouraged to improve
their life style with low calorie balance diets [23] comprised of
vitamins (A and D), trace elements (Zinc and Selenium), nutra-
ceuticals, and probiotics [24] and moderate to high physical activity
levels [25]. The goal should be to reduce obesity prevalence in each
country, which could be challenging despite the quarantine mea-
sures, and work from home behaviours during this pandemic.
Governments should implement active measures to make pop-
ulations more aware of the risk of obesity and the risk of greater
adverse reactions of the COVID-19 infections in subsequent waves
of the viral pandemic. Furthermore, countries with a higher prev-
alence of obesity should take extra precautions to minimize COVID-
19 infections to prevent unwanted mortalities.

5. Conclusions

Significant positive correlations were observed between the
total number of COVID-19 infections per million population
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(r=0.46; p < 0.001) and mortality per million population (r = 0.34;
p < 0.05) with respect to country-specific obesity prevalence in 54
countries. Most of the economically developed countries showed
lower COVID-19 mortalities per million population despite a higher
infection rate and higher obesity prevalence, likely due to superior
hospital care facilities. Most South American countries had a higher
number of COVID-19 mortalities per million population despite
moderate levels of infection and obesity prevalence.
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Abbreviations

BMI Body Mass Index
COVID-19 Coronavirus disease 2019

ICU Intensive Care Unit

IMV Invasive Medical Care

ISO International Organization for Standardization
NCD Non-communicable disease

PCR Polymerase Chain Reaction

SARS-CoV-2 Severe Acute Respiratory Syndrome Coronavirus

USA United States of America
WHO World Health Organization
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