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Coronavirus disease 2019 (COVID-19) is a declared global pandemic with multiple risk factors. Based on recent empirical
studies, obesity is considered by several researchers as one of the serious risk factors for coronavirus-related complications.
Yet, other scholars argue in favor of the existence of an obesity survival paradox. The objective of the current study is to
analyze the potential relationships between different corona indicators and obesity on a statewide level. Since the United
States is ranked as one of the OECD countries with a high level of overweight and obesity among its citizens—the majority
of US states exceed the 30% benchmark of obese population—it is an especially interesting case study to explore this issue.
In an attempt to estimate projected probabilities for infection by coronavirus and mortality rates as a function of obesity
prevalence, the fractional logit regression is employed. Findings may support the counter-intuitive possibility of an obesity
survival paradox. Consequently, ethical guidelines referring to priority in intubation and intensive care treatments should
account for these complex relationships between obesity and corona. Both projected rates of infection and mortality drop
with elevated prevalence of obesity. The reasons for these findings might be explained by several conditions such as elevated
social distancing from more obese persons, increased metabolic reserves, more aggressive treatment, and unidentified factors
that should be examined in future research.

Introduction

Coronavirus disease 2019 (COVID-19) is a declared global
pandemic with multiple risk factors (WHO report: cor-
onavirus [1]). A summary of a report of more than 72,000
cases from the Chinese Center for Disease Control and
Prevention reported by Wu and McGoogan [2] found that
elderly persons (≥65 years) and the presence of comorbid-
ities of cardiovascular disease and diabetes mellitus are
associated with a more severe course and higher fatality

rates of COVID-19 patients. As obesity is strongly asso-
ciated with increased risk of cardiovascular disease and
diabetes mellitus through direct effects (obesity induced
structural and functional adaptions of cardiovascular system
to accommodate excess body weight, adipokine effects on
inflammation, and vascular homeostasis) and indirect
effects (insulin resistance, hyperglycemia, hypertension,
and dyslipidemia), a high body mass index (BMI),
BMI ¼ kg

meter2, might be an important risk factor for a severe
course of COVID-19 disease. Yet, Stefan et al. [3] argue in
favor of the counter-intuitive possibility of an obesity sur-
vival paradox: “Conversely, an obesity survival paradox has
been observed in patients with pneumonia. That is, despite
the increased risk of pneumonia and difficulties of intuba-
tion and mask ventilation, the risk of death in patients with
obesity and pneumonia might be decreased”.

The objective of the current study is to analyze the
potential relationships between different corona indicators
and obesity on a statewide level in the USA. The collected
indicators are updated to May 5, 2020, and include: number
of corona infections, the number of deaths from corona, and
the population of each state.
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Because of the prevalence of obesity among its citizens,
the United States provides an interesting case study.
According to the WHO report: obesity and overweight [4],
BMI ≥ 25, and BMI ≥ 30, kg

meter2, are considered the respec-
tive benchmarks for overweight and obesity, based on
which the prevalence of obesity is measured for each OECD
country (a further discussion on prevalence of obesity is
given in [5]). The USA is ranked as one of the most
overweight and obese among OECD countries
(0.226–0.381 prevalence of obesity) preceded only by
Mexico and Chile. In fact, the prevalence of obesity in more
than 30 US states exceeds 30%, where one territory
(Samoa) reaches to a maximum of 75%.

The outcomes obtained from our study may support the
counter-intuitive possibility of an obesity survival paradox.
The reasons for the drop in infection and mortality rates
with elevated prevalence of obesity might be explained by
several conditions such as higher social distancing by more
obese persons, increased metabolic reserves, more aggres-
sive treatment, and unidentified factors that should be
examined in future research.

The remainder of the article is organized as follows.
“Methodology” section portrays the methodology. In
“Results” section, results are given. The “Summary and
conclusions” section gives conclusion and summary.

Methodology

Consider the following two competing fractional logit
models (e.g., Papke and Wooldridge [6]; Johnston and

Dunardo (pp. 424–426) [7]; Wooldridge [8]):

Pr 0<Yj < 1
� � ¼ F α̂1j þ α̂2jX

� �
; ð1Þ

Pr 0<Yj < 1
� � ¼ F β̂1j þ β̂2jX þ β̂3jX

2
� �

; ð2Þ

where j= 1, 2; Y1 ¼ INFECTED ¼ CORONA CASES
POPULATION ;

Y2 ¼ MORTALITY ¼ DEATH CASES
CORONA CASES; X= prevalence of

obese adults (2020) in each state (BMI ≥ 30);

F Yj
� � ¼ exp Yjð Þ

1þexp Yjð Þ; OR ¼ proj p
1�p

h i
; α1j, α2j, and β1j, β2j,

and β3j are parameters; and the circumflex denotes estimated
parameters. Unlike Eq. (1), Eq. (2) permits nonmonotonic
change of the corona indicator with the X value.

Results

Based on the outcomes given in Table 1, Fig. 1 reports the
projected probability to be infected from coronavirus vs. the
prevalence of obesity in 2020 (BMI ≥ 30) across the USA.
The latter variable ranges between a minimum of 0.226,
indicating that the BMI ≥ 30 for 22.6% of the population in
Colorado, to a maximum of 0.381, indicating that the
BMI ≥ 30 for 38.1% of the population in West Virginia.
Projections are based on the fractional logit regression of
the linear model. As for the quadratic model, given that the
calculated Wald Chi-square statistics (4.071) is lower than
the critical 10% value with two degrees of freedom (4.6052)

Table 1 Regression analysis.
Variables (1) OR (Y1= infected) (2) OR (Y1= infected)

Constant 0.0271*** 0.0473

(0.00228) (0.591)

X=Obese adults (2020) 6.58 × 10−4** 1.46 × 10−5

(0.0467) (0.773)

X2= [Obese adults (2020)]2 − 614.12

− (0.921)

Observations 54 54

Calculated Wald Chi-square (d.f.= 1 or 2) 3.955** 4.071

Critical Chi-square (d.f.= 1 or 2) at the 10% level 2.7055 4.6052

Critical Chi-square (d.f.= 1 or 2) at the 5% level 3.8415 5.9915

Critical Chi-square (d.f.= 1 or 2) at the 1% level 6.6349 9.2103

Descriptive statistics

Minimum prevalence of infection from coronavirus 0.0004 0.0004 (Montana)

Maximum prevalence of infection from coronavirus 0.0164 0.0164 (New York)

Minimum prevalence of obesity 0.226 0.226 (Colorado)

Maximum prevalence of obesity 0.381 0.381 (West Virginia)

Robust p values are given in parentheses.

*p < 0.1; **p < 0.05; ***p < 0.01.
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one cannot reject the null hypothesis that both included
coefficients equal zero.

Results demonstrate that the projected probability to be
infected from coronavirus drops with a higher prevalence of
obesity, from 62 per 10,000 persons in states whose
population exhibits 20% prevalence of obesity to only 17
per 10,000 persons in those states whose population has a
38% prevalence of obesity. Moreover, the null hypothesis
of no drop with obesity prevalence is rejected statistically at
the 5% level (p= 0.0467). Finally, note that the 95%

confidence interval spread around the projection is the
highest for 20% prevalence of obesity (0.0007–0.0117) and
drops considerably with an elevated prevalence of obesity.
One possible interpretation of this finding is a smaller
number of states with higher obesity prevalence. Conse-
quently, we ran a symmetry distribution test for prevalence
of obesity across the states. Note that the null hypothesis of
symetrical distribution (calculated adjusted Chi-square sta-
tistic with two degrees of freedom is 1.21 and p= 0.5455)
is not rejected. The implication is that there are an equal and
small number of states with low and high prevalence of
obesity.

Based on the outcomes given in Table 2, Fig. 2 reports
the projected probability of mortality rate from coronavirus
vs. the prevalence of obesity in 2020 (BMI ≥ 30) across US
states. Projections are based on the fractional logit regres-
sion of the linear model. As for the quadratic model, given
that both coefficients of X and X2 exhibit p= 0.226 and p=
0.292 respectively, one cannot reject the null hypothesis
that both included coefficients equal zero.

Results demonstrate that projected probability of mor-
tality from coronavirus drops with a higher prevalence of
obesity: from 535 per 10,000 persons infected by cor-
onavirus with a state population with a 20% prevalence of
obesity to 346 per 10,000 persons in a state population with
a 38% prevalence of obesity. Moreover, the null hypothesis
of no drop with obesity prevalence is rejected statistically at
the 10% level (p= 0.0733). Unfortunately, based on the
95% confidence intervals, the projected mortality rate from
coronavirus at the statewide level is above 2% within all
range of obesity prevalence.

Table 2 Regression analysis.
Variables (1) OR(Y2=Mortality) (2) OR(Y2=Mortality)

Constant 0.0938*** 1.1307

(1.39 × 10−8) (0.959)

X=Obese adults (2020) 0.0792* 4.08 × 10−9

(0.0733) (0.226)

X2= [Obese adults (2020)]2 − 1.22 × 10−12

− (0.292)

Observations 54 54

Calculated Wald Chi-square (d.f.= 1 or 2) 3.207* 4.753*

Critical Chi-square (d.f.= 1 or 2) at the 10% level 2.7055 4.6052

Critical Chi-square (d.f.= 1 or 2) at the 5% level 3.8415 5.9915

Critical Chi-square (d.f.= 1 or 2) at the 1% level 6.6349 9.2103

Descriptive statistics

Minimum mortality rate from coronavirus 0.0079 0.0079 (South Dakota)

Maximum mortality rate from coronavirus 0.0941 0.0941 (Michigan)

Minimum prevalence of obesity 0.226 0.226 (Colorado)

Maximum prevalence of obesity 0.381 0.381 (West Virginia)

Robust p values are given in parentheses.

*p < 0.1; **p < 0.05; ***p < 0.01.
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Fig. 1 Projected infections by coronavirus vs. prevalence of obese
adults in US States. Y1= Infected= Corona Cases

Population in each US state
(excluding the outlier of Samoa). Projections are based on the fol-
lowing fractional logit regression analysis of the linear model given in
column (1), where OR= odd ratio= proj½ p

1�p�.
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Summary and conclusions

Following Simonnet et al. [9]; Garg et al. [10], and Wu and
McGoogan [2], obesity may be considered as one of the
serious risk factors causing coronavirus-related complica-
tions. Yet, Stefan et al. [3] points out that: “Conversely, an
obesity survival paradox has been observed in patients with
pneumonia. That is, despite the increased risk of pneumonia
and difficulties of intubation and mask ventilation, the risk
of death in patients with obesity and pneumonia might be
decreased”.

The objective of the current study is to examine the
relationship between coronavirus indicators and the pre-
valence of obesity in the USA at a statewide level. Because
of widespread obesity among its citizens, with more than
30 states having a BMI ≥ 30 for at least 30% of the popu-
lation, the USA is considered the third most overweight and
obese state among OECD countries (0.226–0.381 pre-
valence of obesity, namely, BMI ≥ 30, preceded only by
Mexico and Chile). Consequently, it provides an interesting
case study.

The outcomes obtained from our study may support the
existence of an obesity survival paradox. The reasons for
the drop in infection and mortality rates with an elevated
prevalence of obesity might be explained by several con-
ditions such as higher social distancing by more obese
persons, increased metabolic reserves, more aggressive

treatment, and unidentified factors that should be examined
in future research.
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Fig. 2 Projected mortality rates vs. prevalence of obesity in US
States. Y2=Mortality= Deaths fromCorona

Cases of Corona in each US state (excluding the
outlier of Samoa). Projections are based on the following fractional
logit regression analysis of the linear model given in column (1),
where OR= odd ratio= proj½ p
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