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Aim: This study investigates the trend in general obesity and abdominal obesity
in US adults from 2001 to 2018.

Methods: We included 44,184 adults from the nine cycles of the continuous
NHANES (2001-2002, 2003-2004, 2005-2006, 2007-2008, 2009-2010,
2011-2012, 2013-2014, 2015-2016, and 2017-2018). The age-adjusted
mean body mass index and waist circumference were calculated, and the
sex-specific annual change was estimated by the survey cycle. We used the
weighted sex-specific logistic regression models to analyze the prevalence
of general obesity and abdominal obesity from 2001 to 2018. The weighted
adjusted odds ratio (OR) with a 95% confidence interval (Cl) was calculated.

Results: Our study showed that general obesity and abdominal obesity
account for about 3548 and 53.13% of the US population. From
2001-2002 to 2017-2018, the age-adjusted prevalence of general obesity
increased from 33.09 to 41.36% in females and from 26.88 to 42.43% in
males. During 2001-2018, the age-adjusted prevalence of abdominal obesity
increased from 57.58 to 67.33% in females and from 39.07 to 49.73% in males.
A significant time-dependent increase was observed in the prevalence of
general obesity (adjusted OR, 1.007; 95% CI 1.005-1.009, P < 0.001) and
abdominal obesity (adjusted OR, 1.006; 95% Cl, 1.004-1.008; P < 0.001).

Conclusion: General obesity and abdominal obesity are a heavy health burden
among US adults, and the increasing trend remains in both males and females
from 2001 to 2018.
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Introduction

Obesity refers to abnormal excessive

accumulation. As a common, complex, and costly disease,

or adiposity
obesity has become a significant threat to socio-economic
stability and public health worldwide over the past few decades
(1,2).In a pooled analysis of 128.9 million children, adolescents,
and adults, the obesity prevalence was reported to increase in
every country between 1975 and 2016 (3). According to World
Health Organization, obesity has nearly tripled worldwide
since 1975. In 2016, more than 1.9 billion (39%) adults were
overweight, and over 650 million (13%) were obese (4).

Body mass index (BMI) is the most widely used
anthropometric indicator to define obesity. Studies have
demonstrated high BMI as an independent risk factor for
multiple diseases, such as cardiovascular diseases, diabetes
mellitus, and cancer (5-8). However, BMI provides only a
crude measure of general obesity and fails to fully capture the
heterogeneous regional body fat distribution. Concerns were
raised on the limitation of BMI in evaluating the individual-level
metabolic risk (9). Compared with BMI, waist circumference
is strongly associated with abdominal fat distribution and is a
better index for abdominal obesity. The combination of BMI
and waist circumference could provide additional opportunities
to prevent obesity-related adverse events (10-13). Individuals
with low BMI but abdominal obesity are at higher risk for
multiple diseases and all-cause mortality (14, 15).

Considering the substantial obesity burden, the obesity
prevalence has been continuously surveilled, and an updated
investigation of obesity prevalence is necessary. Several
studies have reported the prevalence trend of obesity in the
United States and many other countries (16-18). The overall
prevalence trend of obesity in US adults has been previously
described using national survey data, and a significantly
increased prevalence of BMI-defined obesity was observed
from the 1970s—2000s (19-21). Liu et al. (22) examined the
trends in body mass index, waist circumference, and body
fat percentage from 2011 to 2018. Similarly, Flegal et al. (23)
reported the obesity trends in US adults from 2005 to 2014,
but a broad overview on the prevalence trend of obesity during
the first two decades of the 21st century is lacking. Recent
studies suggested that the combination of BMI and waist
circumference could provide an additional opportunity for
the primary prevention of cardiovascular diseases (24-29).
However, few studies reported the obesity prevalence trend
based on the combination of BMI and waist circumference (e.g.,
normal-weight abdominal obesity).

This study analyzed the National Health and Nutrition
Examination Survey (NHANES) from the first continuous

Abbreviations: BMI, body mass index; NHANES, National Health and

Nutrition Examination Survey; OR, odds ratio; Cl, confidence interval.
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survey in the 2lst century to the last survey before the COVID-
19 pandemic (30). We described the prevalence of (abdominal)
obesity and dynamic change in BMI and waist circumference
during 2001-2018. We also analyzed obesity trends based on
the combination of BMI and waist circumference. This study
provides a comprehensive insight into how general obesity and
abdominal obesity have developed in the United States over the
past 18 years.

Methods

Data source

National Health and Nutrition Examination Survey
(NHANES) is a continuous cross-sectional survey by the
National Center for Health Statistics in the Centers for Disease
Control and Prevention, which records US populations™ health
and nutrition information. The continuous NHANES has
been conducted once every 2 years since 1999. A complex
stratified multistage-clustered sampling design was applied to
select the nationally representative participants. In this study,
we obtained adults from the nine cycles of the continuous
NHANES (2001-2002, 2003-2004, 2005-2006, 2007-2008,
2009-2010, 2011-2012, 2013-2014, 2015-2016, and 2017-
2018). The exclusion criteria were as follows: (1) missing weight,
height, or waist circumference records, (2) aged >80 years old,
and (3) pregnant individuals. Finally, 44,184 individuals were
enrolled in this study, including 22,075 females and 22,109
males. NHANES was approved by National Center for Health
Statistics Research Ethics Review Board, and informed consent
was obtained from all participants (31).

Body mass index and waist
circumference measurement

Weight and height were measured by trained examiners
using standardized techniques and equipment. BMI was
weight (kg) .
height (m)?’
were rounded to the nearest 0.1 kg/m? for presentation

calculated by the following formula: BMI = values

purposes. Based on the World Health Organization criterion,
BMI was later transferred to a categorical variable: underweight
(<18.5 kg/mz), normal weight (18.5-24.9 kg/mz), overweight
(25.0-29.9 kg/mz), class I obese (30.0-34.9 kg/mz), class IT obese
(35.0-39.9 kg/mz), and class III obese (>40.0 kg/mz).

Waist circumference was measured around the waist at
the level of the superior lateral border of the iliac crests. A
trained examiner recorded waist circumference to the nearest
0.1 cm after the participant exhaled one normal breath. Males
with waist circumference >100.0 cm and females with >88.0 cm
were classified as having abdominal obesity (32). In addition,
we classified the individuals into four subgroups according to
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the combination of BMI and waist circumference: BMI < 30.0
with abdominal obesity; BMI < 30.0 without abdominal obesity;
BMI > 30.0 with abdominal obesity; and BMI > 30.0 without
abdominal obesity.

Statistical analysis

We performed data analyses according to the
recommendation by the NHANES analytic and reporting
guidance document (33). NHANES applied a complex
survey design to reduce the bias caused by oversampling,
non-response, and post-stratification. Each participant was
assigned a specific sampling weight, primary sampling
unit (PSU), and stratum, which could be used to produce
representative national estimates. WTMEC2YR records the
survey weight for all participants who received body measures
in a Mobile Exam Center. Since we analyzed nine cycles
of the continuous NHANES, we calculated the 18-years
sample weight (WTMECI8YR) by the following formula:
WIMECI8YR = § x WTMEC2YR. We applied survey
weights in subsequent statistical analysis to produce estimates
representative of the US population.

Continuous variables were represented as weighted mean
+ standard error, and categorical variables were represented
with proportions. Sex-specific distributions of BMI and waist
circumference were illustrated using kernel density estimation.
The sex-specific distribution of BMI and waist circumference
was further shown in three intervals, including NHANES 2001-
2006, 2007-2012, and 2013-2018.

We illustrated the mean BMI and waist circumference by
survey cycle. Following a previous study (20), the time-related
change was evaluated by a survey-weighted linear regression
taking 2-years cycles as a continuous variable. Importantly,
we used the weighted sex-specific logistic regression models to
analyze the prevalence of general obesity and abdominal obesity.
Age, race, and education levels were adjusted in this model.
The weighted odds ratio (OR) with a 95% confidence interval
(CI) was calculated. Moreover, we analyzed the association of
age with BMI and waist circumference using a sex-specific
survey-weighted generalized linear model in the young adults
(<45 years old), middle-age adults (45-65 years old), and older
adults (>65 years old), respectively. All statistical analyses were
performed in R software (version 4.1.1). P-value < 0.05 was
considered statistically significant.

Results

Participant characteristics

Table 1 summarizes the characteristics of all participants
in this study. Overall, the mean age was 44.65 years with a
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TABLE 1 Participant characteristics.

All Female Male

N 22,075 22,109
Age (years) 44652 £0.19 4531402 43.98+0.20
Education (n, %)

Below high school 15.94 15.10 16.81
High school 23.75 22.64 24.90
Above high school 60.31 62.26 58.30

Race/ethnicity (n, %)

Non-hispanic white 67.10 66.74 67.46
Non-hispanic black 11.38 12.13 10.61
Mexican American 8.66 7.97 9.36
Other hispanic 5.58 5.77 5.39
Other race 7.28 7.39 7.18

BMI (kg/m?) 28.78 £0.09 28.78 £0.09 28.54 £ 0.07

BMI (categories, %)

Normal weight 30.04 33.24 26.79
Underweight 1.79 231 1.27
Overweight 32.69 27.51 37.95
Obese 35.48 36.94 33.99

Waist circumference (cm) 95.45 £ 0.22 95.4540.22 100.66 £ 0.21

Abdominal obesity (yes, %) 53.13 62.92 43.15
Combined obesity (%)

BMI < 30 without abdominal obesity 45.50 36.87 54.30
BMI < 30 with abdominal obesity 19.02 26.19 11.71
BMI > 30 without abdominal obesity 1.37 0.21 2.55

BMI > 30 with abdominal obesity 34.11 36.73 31.44

Weighted analysis was performed. BMI, body mass index.

standard error of 0.19. Race and ethnicity were non-Hispanic
White (67.10%), followed by non-Hispanic Black (11.38%) and
Mexican American (8.66%). Normal weight, overweight, and
obese individuals account for about 30.04, 32.69, and 35.48% of
the total population. In individuals with obesity, the percentage
of class I obesity ranked first (20.17%), followed by class II
obesity (8.98%) and class III obesity (6.32%). Abdominal obesity
was observed in 53.13% of all populations, with a significantly
higher prevalence in females (62.92 vs. 43.15%; P < 0.001). In
those with combined obese classification, BMI < 30.0 kg/m?
without abdominal obesity was the primary subtype (45.50%),
followed by BMI > 30.0 kg/m? with abdominal obesity (34.11%),
BMI < 30.0 kg/m? with abdominal obesity (19.02%), and BMI >
30.0 kg/m? without abdominal obesity (1.37%). Females showed
significantly lower waist circumference (95.45 vs. 100.66 cm;
mean difference, —5.20cm; P < 0.001), whereas BMI (28.78
vs. 28.54 kg/mz; mean difference, 0.24 kg/mz; P = 0.005)
was slightly higher in females than males. The sex-specific
smoothed density distribution of BMI and waist circumference
was displayed in Figures 1A,B. Abdominal obesity showed a
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FIGURE 1
Distribution trend of body mass index and waist circumference during 2001-2018. The sex-specific distribution of (A) body mass index and (B)
waist circumference. The sex-specific distribution of (C) body mass index and (D) waist circumference in 2001-2006, 2007-2012, and
2013-2018. The mean age-adjusted (E) body mass index and (F) waist circumference from 2001 to 2018. The weighted study design is
considered in the analysis.

higher prevalence in females in both subgroups with BMI <
30.0 kg/m? and >30.0 kg/m?. For subjects with BMI < 30.0
kg/m?, 41.54% of females and 17.74% of males had abdominal
obesity, while for those with BMI > 30.0 kg/m?, the prevalence
of abdominal obesity was 99.43 and 92.50%, respectively.
Figures 1C,D shows the sex-specific density curve of
BMI and waist circumference by year intervals (2001-2006,
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2007-2012, and 2013-2018). A rightward shift was observed
in the distributions of BMI and waist circumference. The
weighted mean BMI (B-coefficient, 0.10; P < 0.001) and waist
circumference (B-coefficient, 0.28; P < 0.001) significantly
increased over the 18-years survey. The age-adjusted mean
BMI has increased from 28.06 to 29.57 kg/m? in females and
from 27.74 to 29.50 kg/m2 in males (Figure 1E), whereas the
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TABLE 2 Time-related change in the prevalence of obesity and abdominal obesity (weighted).

General obesity Abdominal obesity

OR 95% CI 4 OR 95% CI 4
Female
Year 1.006 (1.004-1.009) <0.001 1.008 (1.005-1.010) <0.001
Survey
2001-2002 Reference Reference
2003-2004 1.003 (0.959-1.049) 0.897 1.045 (0.998-1.093) 0.058
2005-2006 1.025 (0.983-1.068) 0.247 1.019 (0.978-1.061) 0.365
2007-2008 1.02 (0.982-1.059) 0.304 1.046 (1.005-1.09) 0.029
2009-2010 1.032 (0.998-1.067) 0.064 1.064 (1.027-1.102) <0.001
2011-2012 1.045 (0.998-1.094) 0.064 1.095 (1.045-1.148) <0.001
2013-2014 1.077 (1.035-1.121) <0.001 1.108 (1.072-1.144) <0.001
2015-2016 1.100 (1.055-1.146) <0.001 1.135 (1.087-1.184) <0.001
2017-2018 1.095 (1.040-1.153) < 0.001 1.117 (1.066-1.171) <0.001
Male
Year 1.008 (1.005-1.010) <0.001 1.005 (1.003-1.008) <0.001
Survey
2001-2002 Reference Reference
2003-2004 1.037 (1.002-1.074) 0.040 1.043 (1.012-1.076) 0.007
2005-2006 1.065 (1.018-1.115) 0.007 1.061 (1.017-1.108) 0.007
2007-2008 1.051 (1.018-1.086) 0.003 1.049 (1.014-1.084) 0.006
2009-2010 1.086 (1.044-1.129) <0.001 1.041 (1.005-1.079) 0.027
2011-2012 1.074 (1.038-1.110) <0.001 1.056 (1.019-1.095) 0.003
2013-2014 1.085 (1.053-1.118) <0.001 1.075 (1.046-1.105) <0.001
2015-2016 1.117 (1.065-1.170) <0.001 1.091 (1.035-1.151) 0.001
2017-2018 1.174 (1.110-1.241) <0.001 1.125 (1.071-1.181) <0.001

A weighted sex-specific logistic regression model was used to analyze the trend of general obesity and abdominal obesity. The prevalence in the 2001-2002 survey was set as the reference.
Age, race, and education levels were adjusted for in the model. The weighted OR with a 95% CI was calculated. BMI, body mass index; OR, odds ratio; CI, confidence interval.

age-adjusted mean waist circumference increased from 92.75 males. In females, the prevalence of overweight showed a
to 97.67 cm in females and from 99.14 to 102.86 cm in males fluctuating trend, whereas the percentage of class II (from 8.83
(Figure 1F). Interestingly, between 2015-2016 and 2017-2018, to 11.80%) and III obese (from 6.15 to 10.25%) showed an
the increase in BMI showed a slowing trend (from 29.51 to 29.57 about 1.5-fold increase. In contrast, males showed a decreasing
kg/mz) in females, and a decrease in waist circumference (from overweight trend, while the increased prevalence was observed
97.94 to 97.67 cm) was also observed. in all three different classes of obese (class I, from 18.43 to

25.25%; class II, from 5.23 to 10.79%; and class III, from
3.22 to 6.39%; Figure 2A). In addition, we also provided the
The prevalence of general and abdominal obesity prevalence based on the categorization of underweight,

obesity normal weight, overweight, obese (BMI, 30.0-39.9 kg/m?),
and morbidly obese/severely obese (BMI > 40 kg/m?) in
Table 2 shows significant association of survey year with Supplementary Figure 1. During 2001-2018, the age-adjusted

general obesity (adjusted OR, 1.007; 95% CI, 1.005-1.009, prevalence of abdominal obesity increased from 57.58 to 67.33%
P < 0.001) and abdominal obesity (adjusted OR, 1.006; in females and from 39.07 to 49.73% in males. Females and
95% CI, 1.004-1.008; P < 0.001). From 2001 to 2018, we males showed a similar increasing trend in abdominal obesity,

observed a decreasing trend in the normal-weight group (female, and the prevalence of abdominal obesity was consistently
35.16-28.90%; male, 30.42-22.43%), while the percentage of higher in females (Figure 2B). The prevalence of abdominal
underweight remained stable. From 2001-2002 to 2017-2018, obesity in males has increased close to that of normal weight.
the age-adjusted prevalence of general obesity increased from Importantly, we have observed a reversed trend of abdominal

33.09 to 41.36% in females and from 26.88 to 42.43% in obesity in females since 2015. Figure 2C describes the trend of
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FIGURE 2
Weighted age-adjusted prevalence trend with a 95% confidence interval of (A) general obesity, (B) abdominal obesity, and (C) combined obesity
during 2001-2018 in females and males. Obesity is classified based on the World Health Organization criterion: underweight (<18.5 kg/m?),
normal weight (18.5-24.9 kg/m?), overweight (25-29.9 kg/m?), class | obese (30-34.9 kg/m?), class Il obese (35-39.9 kg/m?), and class Ill obese
(>40 kg/m?). Females with waist circumference >88 cm and males with >100 cm are identified with abdominal obesity. The combined obesity is
defined according to the combination of BMI and waist circumference: BMI < 30 with abdominal obesity; BMI < 30 without abdominal obesity;
BMI > 30 with abdominal obesity; BMI > 30 without abdominal obesity. BMI, body mass index.
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the combined obesity based on BMI and waist circumference.
The percentage of the group of BMI < 30.0 kg/m? without
abdominal obesity has been decreasing, while the group of BMI
> 30.0 kg/m? with abdominal obesity showed a consistently
increasing trend. In the subgroup of BMI > 30.0 kg/m?, the
percentage of those without abdominal obesity remained low,
while those with abdominal obesity showed an increasing trend.

The association of age, BMI, and
abdominal obesity

Figures 3A,B shows smoothed curves of age with BMI and
waist circumference. BMI and waist circumference significantly
increased with aging in young adults. Alternatively, among
middle-age adults, the curve was relatively flat in BMI, while
the increasing trend remained in waist circumference. In the
subgroup of older adults, the negative association was observed
between aging and BMI (female, p-coefficient = —0.097, P =
0.005; male, B-coefficient = —0.103, P < 0.001). Differently, the
curve for waist circumference remained stable after 65 years old,
and no significant association was observed (P > 0.05).

Figure 3C uses boxplots to illustrate waist circumference
distribution across BMI (ten categories) by gender. Waist
circumference maintained sustainable growth with the increase
in BMLI. Still, although individuals in the same category shared
similar BMI, their waist circumference showed a relatively large
range.

Discussion

Obesity is an independent risk factor for multiple chronic
conditions, such as cardiovascular diseases, stroke, and cancers.
Across regions and countries, obesity remains a significant
public health problem with a varying prevalence (34). Using
nationally representative samples, our study showed that
individuals with overweight or obesity account for about 32.69
and 35.48% of the US population. Abdominal obesity was
observed in 53.13% of all populations, with a significantly higher
prevalence in females than males.

Considering the substantial obesity burden and the obesity-
induced health risk in the United States, the obesity prevalence
has been continuously surveilled (35). The prevalence of general
obesity showed a flat trend from the 1960s until the 1980s
(21). After that, the prevalence of obesity increased, and the
distribution changed. A rapid increase was observed from 1976—
1980 to 1988-1994 survey (8.9% in females and 7.9% in males;
21) and again between 1988-1994 and 1999-2000 (8.1% in
females and 7.1% in males; 19-21). However, over the 1999-
2008 period, the prevalence of obesity increased by 4.7% (95%
CL, 0.5-9.0%) in males, and a nonsignificant increase was
shown in 2.1% (95% CI, —2.1-6.3%) in females (36). Despite
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the significant linear trend in males, there was no significant
difference between 2003-2004, 2005-2006, and 2007-2008. The
study by Flegal et al. (36) suggested that the increasing trend
of obesity seemed to slow down in the US population during
1999-2008, particularly for women and possibly for men. In
the following research, Liu et al. (22) investigated the trends of
body mass index and waist circumference from NHANES 2011-
2018. Age-adjusted mean BMI significantly increased from 28.7
to 29.8 kg/m? during 2011-2018, and age-adjusted mean waist
circumference increased from 98.4 to 100.5cm. The increase
in the prevalence of obesity has also been observed in many
other countries or areas, including China (18), Bissau (17), and
Mozambique (16).

Compared with previous studies (16-18, 22, 23), we
analyzed the obesity prevalence from the first continuous
NHANES survey in the 2Ist century (2001-2002 survey) to
the last survey before the COVID-19 pandemic (2017-2018).
The 18-years investigation provides a more comprehensive
understanding of how general obesity and abdominal obesity
develop in the United States. Importantly, the nationally
representative data source with a stratified multistage-clustered
sampling design allows the accurate evaluation of the US obesity
prevalence. From 2001-2002 to 2017-2018, we observed a
rightward shift in BMI distribution. In females, the prevalence
of overweight fluctuated, while the percentage of class II
and III obese increased by about 50%. Also, the logistic
regression suggested no significant difference in the female
obesity prevalence between 2001 and 2002 and the other surveys
(2003-2004, 2005-2006, 2007-2008, 2009-2010, and 2011-
2012). Still, a significant increase was observed from 2013 to
2014 with an adjusted OR of 1.077 (95% CI, 1.035-1.121; 2013-
2014 vs. 2001-2002). In males, the prevalence of overweight
exhibited a decreasing trend, but a significant increase was
observed in all three classes of obesity.

BMI is the most widely used anthropometric index to
diagnose obesity, providing a practical tool for national
surveillance and international comparisons (37). However,
abdominal adipose accumulation is a higher risky obesity
phenotype than excess subcutaneous fat distribution (9). BMI
fails to consider the body fat distribution and could not
distinguish fat from lean mass (9, 38-40). Therefore, BMI-
defined obesity is insufficient to fully capture the obesity-related
metabolic risk. Previous studies have demonstrated that waist
circumference is closely associated with multiple cardiovascular
diseases and all-cause mortality independent of BMI (27, 41).
When evaluating obesity-related metabolic risk, these data
supported that waist circumference and BMI were irreplaceable
adiposity indexes. However, waist circumference is not routinely
measured in clinical practice, and fewer studies reported the
prevalence of abdominal obesity based on waist circumference.
Over the past 18 years, the waist circumference distribution has
been rightward shifted. For abdominal obesity, we observed a
consistently increasing trend in both males and females, and
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FIGURE 3
Association of age with BMI and waist circumference. The smoothed curve on the association of age with (A) BMI and (B) waist circumference.
The association of age with BMI and waist circumference is analyzed by a sex-specific survey-weighted generalized linear model in the young
adults (<45 years old), middle-age adults (45-65 years old), and older adults (>65 years old) individuals, respectively. The B-coefficient with
P-value is provided. (C) Boxplots on the distribution of waist circumference across BMI (ten categories) by gender. Weighted analysis was
performed. BMI, body mass index.

its prevalence among females has grown to almost 50% in the
2017-2018 survey. Also, we observed that waist circumference
was parallel to BMI, while waist circumference ranges even
in the same BMI category. Our data suggest that abdominal
obesity remains a growing health problem in the United States,
especially among males. Importantly, we also analyzed the trend
based on the combination of BMI and waist circumference,
which provides additional opportunities to prevent obesity-
related adverse events.

The prevalence of obesity and abdominal obesity in females
is another important topic. Our study showed that females
were more likely to be obese or have abdominal obesity in
the United States, consistent with most other countries (42).
Interestingly, from 2015-2016 to 2017-2018, we observed a
small change in the mean BMI (29.51-29.57 kg/mz) and a
decreased trend in waist circumference (97.94-97.67 cm) in
females. These data indicated a decrease in the prevalence of
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obesity in females. However, it is challenging to decide the future
trends based on current information since we are unaware of the
underlying causes.

Our study has several strengths and limitations. The main
strength was the application of NHANES, one of the most
authoritative and reliable resources for epidemiological health
and nutritional survey in the United States. NHANES allowed
us to assess the national trends of obesity by documenting
demographic information, including race/ethnicity, height,
weight, and waist circumference measured by trained
investigators. Still, some limitations in our study should
be noted. First, although NHANES applied a complex survey
design, sampling or the non-sampling error could not be
entirely avoided. Second, the prevalence of obesity varies
across regions and countries, and obesity in developing
countries has become a growing problem within decades
due to rapid social and economic development. This study
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was based on the US samples, while the prevalence in other
countries/areas, particularly developing countries, should be
further investigated.

Conclusion

Our study highlighted that obesity and abdominal
obesity remained a significant public health burden
2001-2018 in US adults using
representative samples. The increasing trend remained
in both males and females from 2001 to 2018. From
2001-2002 to 2017-2018, a right-shifted distribution and
significant increasing trend were observed in BMI and

during nationally

waist circumference.

Data availability statement

The original contributions presented in the study
are included in the
further
corresponding authors.

article/Supplementary material,

inquiries can be directed to the

Author contributions

J-YS, X-QK, and WS: conception and design. X-QK, WS,
and W-JH: administrative support. H-LL: data download.
J-YS, YH, Y-XM, H-LL, QQ, and CC: collection and
assembly of data. J-YS, Y-XM, and H-LL: data analysis
and interpretation. J-YS, W-JH, YH, QQ, CC, H-LL, X-QK,
Y-XM, and WS: manuscript writing. J-YS, W-JH, YH, QQ, CC,
H-LL, X-QK, Y-XM, and WS: final approval of manuscript.
All authors contributed to the article and approved the
submitted version.

References

1. Seidell JC, Halberstadt J. The global burden of obesity and the challenges of
prevention. Ann Nutrit Metabol. (2015) 66:7-12. doi: 10.1159/000375143

2. Blither M. Obesity: global epidemiology and pathogenesis. Nat Rev Endocrinol.
(2019) 15:288-98. doi: 10.1038/s41574-019-0176-8

3. Collaboration NCDRF. Worldwide trends in body-mass index,
underweight, overweight, and obesity from 1975 to 2016: a pooled analysis
of 2416 population-based measurement studies in 128.9 million children,
adolescents, and adults. Lancet. (2017) 390:2627-42. doi: 10.1016/S0140-6736(17)
32129-3

4. Organization WH. Obesity and Overweight (2021). Available online at: https://
www.who.int/news- room/fact- sheets/detail/obesity-and- overweight  (accessed
March 08, 2022).

5. Dwivedi AK, Dubey P, Cistola DP, Reddy SY. Association between obesity
and cardiovascular outcomes: updated evidence from meta-analysis studies. Curr
Cardiol Rep. (2020) 22:25. doi: 10.1007/s11886-020-1273-y

Frontiersin Public Health

10.3389/fpubh.2022.925293

Funding

This study was supported by the Introduced Project of
Woujiang Clinical Medical Expert Team (No. WJYJTD201704)
and the Postgraduate Research and Practice Innovation Program
of Jiangsu Province (SJCX21_0626).

Acknowledgments

We sincerely acknowledge the US National Center for
Health Statistics for conducting the survey.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.925293/full#supplementary-material

6. Flegal KM, Kit BK, Orpana H, Graubard BI. Association of all-cause
mortality with overweight and obesity using standard body mass index
categories: a systematic review and meta-analysis. JAMA. (2013) 309:71-
82. doi: 10.1001/jama.2012.113905

7. Calle EE, Rodriguez C, Walker-Thurmond K. Thun MJ. Overweight, obesity,
and mortality from cancer in a prospectively studied cohort of US adults. N Engl |
Med. (2003) 348:1625-38. doi: 10.1056/NEJMo0a021423

8. Sun JY, Ma YX, Liu HL, Qu Q, Cheng C, Kong XQ, et al. High waist
circumference is a risk factor of new-onset hypertension: evidence from the
China health and retirement longitudinal study. J Clin Hypertens. (2022) 24:320-
8. doi: 10.1111/jch.14446

9. Tchernof A, Despres JP. Pathophysiology of human visceral obesity: an update.
Physiol Rev. (2013) 93:359-404. doi: 10.1152/physrev.00033.2011

10. Ross R, Neeland IJ, Yamashita S, Shai I, Seidell J, Magni P, et al. Waist
circumference as a vital sign in clinical practice: a consensus statement from the

frontiersin.org


https://doi.org/10.3389/fpubh.2022.925293
https://www.frontiersin.org/articles/10.3389/fpubh.2022.925293/full#supplementary-material
https://doi.org/10.1159/000375143
https://doi.org/10.1038/s41574-019-0176-8
https://doi.org/10.1016/S0140-6736(17)32129-3
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1007/s11886-020-1273-y
https://doi.org/10.1001/jama.2012.113905
https://doi.org/10.1056/NEJMoa021423
https://doi.org/10.1111/jch.14446
https://doi.org/10.1152/physrev.00033.2011
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Sun et al.

IAS and ICCR working group on visceral obesity. Nat Rev Endocrinol. (2020)
16:177-89. doi: 10.1038/s41574-019-0310-7

11. Klein S, Allison DB, Heymsfield SB, Kelley DE, Leibel RL, Nonas C,
et al. Waist circumference and cardiometabolic risk: a consensus statement
from shaping Americas health: association for weight management and
obesity prevention; NAASO, the obesity society; the American society for
nutrition; and the American diabetes association. Diabetes Care. (2007) 30:1647-
52. doi: 10.1038/0by.2007.632

12. Rao G, Powell-Wiley TM, Ancheta I, Hairston K, Kirley K, Lear SA,
et al. Identification of obesity and cardiovascular risk in ethnically and racially
diverse populations: a scientific statement from the American heart association.
Circulation. (2015) 132:457-72. doi: 10.1161/CIR.0000000000000223

13. Coutinho T, Goel K, Correa de Sa D, Carter RE, Hodge DO,
Kragelund C, et al. Combining body mass index with measures of central
obesity in the assessment of mortality in subjects with coronary disease:
role of “normal weight central obesity”. ] Am Coll Cardiol. (2013) 61:553—
60. doi: 10.1016/j.jacc.2012.10.035

14. Sahakyan KR, Somers VK, Rodriguez-Escudero JP, Hodge DO,
Carter RE, Sochor O, et al. Normal-weight central obesity: implications
for total and cardiovascular mortality. Ann Intern Med. (2015)
163:827-35. doi: 10.7326/M14-2525

15. Cheng C, Sun JY, Zhou Y, Xie QY, Wang LY, Kong XQ, et al. High waist
circumference is a risk factor for hypertension in normal-weight or overweight
individuals with normal metabolic profiles. J Clin Hypertens. (2022) 24:908-
17. doi: 10.1111/jch.14528

16. Fontes F, Damasceno A, Jessen N, Prista A, Silva-Matos C, Padrao P, et al.
Prevalence of overweight and obesity in Mozambique in 2005 and 2015. Public
Health Nutr. (2019) 22:3118-26. doi: 10.1017/S1368980019002325

17. Ture R, Damasceno A, Djico M, Lunet N. Prevalence of underweight,
overweight and obesity among adults in Urban Bissau, Western Africa. Nutrients.
(2021) 13:4199. doi: 10.3390/nu13124199

18. Jia A, Xu S, Xing Y, Zhang W, Yu X, Zhao Y, et al. Prevalence
and cardiometabolic risks of normal weight obesity in Chinese
population: a nationwide study. Nutr Metab Cardiovasc Dis. (2018)
28:1045-53. doi: 10.1016/j.numecd.2018.06.015

19. Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence and
trends in obesity among US adults, 1999-2000. JAMA. (2002) 288:1723—
7. doi: 10.1001/jama.288.14.1723

20. Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends
in the distribution of body mass index among US adults, 1999-2010. JAMA. (2012)
307:491-7. doi: 10.1001/jama.2012.39

21. Flegal KM, Carroll MD, Kuczmarski R], Johnson CL. Overweight and obesity
in the United States: prevalence and trends, 1960-1994. Int ] Obes Relat Metab
Disord. (1998) 22:39-47. doi: 10.1038/sj.ij0.0800541

22. Liu B, Du Y, Wu Y, Snetselaar LG, Wallace RB, Bao W. Trends in obesity
and adiposity measures by race or ethnicity among adults in the United States
2011-2018: population based study. BMJ. (2021) 372:n365. doi: 10.1136/
bmj.n365

23. Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden CL. Trends in
obesity among adults in the United States, 2005 to 2014. JAMA. (2016) 315:2284-
91. doi: 10.1001/jama.2016.6458

24. Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze MB, Overvad K,
et al. General and abdominal adiposity and risk of death in Europe. N Engl ] Med.
(2008) 359:2105-20. doi: 10.1056/NEJM0a0801891

25. Snijder MB, Dekker JM, Visser M, Bouter LM, Stehouwer CD,
Kostense PJ, et al. Associations of hip and thigh circumferences independent

Frontiersin Public Health

10

10.3389/fpubh.2022.925293

of waist circumference with the incidence of type 2 diabetes: the
Hoorn Study. Am ] Clin Nutr. (2003) 77:1192-7. doi: 10.1093/ajcn/77.
5.1192

26. Jacobs EJ, Newton CC, Wang Y, Patel AV, McCullough ML, Campbell
PT, et al. Waist circumference and all-cause mortality in a large US
cohort. Arch Intern Med. (2010) 170:1293-301. doi: 10.1001/archinternmed.2010.
201

27.Sun JY, Hua Y, Zou HY, Qu Q, Yuan Y, Sun GZ, et al. Association between
waist circumference and the prevalence of (Pre) hypertension among 27,894 US
adults. Front Cardiovasc Med. (2021) 8:717257. doi: 10.3389/fcvm.2021.717257

28. Sun J, Qu Q, Yuan Y, Sun G, Kong X, Sun W. Normal-weight abdominal
obesity: a risk factor for hypertension and cardiometabolic dysregulation. Cardiol
Discov. (2021) 2:13-21. doi: 10.1097/CD9.0000000000000034

29. Association CSoCoCM, Medicine CDPaRCoCAoR, Geriatrics CDCoCAo0Ga,
Association TPaTCoCMD, Diseases. CGotPPoC. Chinese guideline on the
primary prevention of cardiovascular diseases. Cardiol Discov. (2021) 1:70-
104. doi: 10.1097/CD9.0000000000000025

30. Guan WJ Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical
characteristics of coronavirus disease 2019 in China. N Engl ] Med. (2020)
382:1708-20. doi: 10.1056/NEJM0a2002032

31. Statistics NCfH. NCHS Ethics Review Board (ERB) Approval (2022). Available
online at: https://www.cdc.gov/nchs/nhanes/irba98.htm (accessed Janaury 09,
2022).

32. Seo DC, Choe S, Torabi MR. Is waist circumference >102/88cm better
than body mass index >30 to predict hypertension and diabetes development
regardless of gender, age group, and race/ethnicity? Meta-analysis Prevent Med.
(2017) 97:100-8. doi: 10.1016/j.ypmed.2017.01.012

33. Statistics NCfH. NHANES Survey Methods and Analytic Guidelines (2022).
Available online at: https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx
(accessed January 21, 2022).

34. Pan XE, Wang L, Pan A. Epidemiology and determinants of obesity in China.
Lancet Diabetes Endocrinol. (2021) 9:373-92. doi: 10.1016/52213-8587(21)00045-0

35. Ward ZJ, Bleich SN, Cradock AL, Barrett JL, Giles CM, Flax C, et al. Projected
US state-level prevalence of adult obesity and severe obesity. N Engl ] Med. (2019)
381:2440-50. doi: 10.1056/NEJMsal1909301

36. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and
trends in obesity among US adults, 1999-2008. JAMA. (2010) 303:235-
41. doi: 10.1001/jama.2009.2014

37. Bouchard C. How much progress have we made over the last few decades?
Int ] Obes. (2008) 32:52-7. doi: 10.1038/ij0.2008.231

38. Dagenais GR Yi Q, Mann JE Bosch J, Pogue J, Yusuf S. Prognostic impact
of body weight and abdominal obesity in women and men with cardiovascular
disease. Am Heart J. (2005) 149:54-60. doi: 10.1016/j.ahj.2004.07.009

39. Eastwood SV, Tillin T, Wright A, Mayet J, Godsland I, Forouhi NG,
et al. Thigh fat and muscle each contribute to excess cardiometabolic risk in
South Asians, independent of visceral adipose tissue. Obesity. (2014) 22:2071-
9. doi: 10.1002/0by.20796

40. Sari CI, Eikelis N, Head GA, Schlaich M, Meikle P, Lambert G, et al. Android
fat deposition and its association with cardiovascular risk factors in overweight
young males. Front Physiol. (2019) 10:1162. doi: 10.3389/fphys.2019.01162

41. Sun J, Qu Q, Yuan Y, Sun G, Kong X, Sun W. Normal-weight abdominal
obesity: a risk factor for hypertension and cardiometabolic dysregulation. Cardiol
Discov. (2022) 2:13-21. doi: 10.1097/CD9.0000000000000034

42. Tauqeer Z, Gomez G, Stanford FC. Obesity in women: insights for the
clinician. ] Women’s Health. (2018) 27:444-57. doi: 10.1089/jwh.2016.6196

frontiersin.org


https://doi.org/10.3389/fpubh.2022.925293
https://doi.org/10.1038/s41574-019-0310-7
https://doi.org/10.1038/oby.2007.632
https://doi.org/10.1161/CIR.0000000000000223
https://doi.org/10.1016/j.jacc.2012.10.035
https://doi.org/10.7326/M14-2525
https://doi.org/10.1111/jch.14528
https://doi.org/10.1017/S1368980019002325
https://doi.org/10.3390/nu13124199
https://doi.org/10.1016/j.numecd.2018.06.015
https://doi.org/10.1001/jama.288.14.1723
https://doi.org/10.1001/jama.2012.39
https://doi.org/10.1038/sj.ijo.0800541
https://doi.org/10.1136/bmj.n365
https://doi.org/10.1001/jama.2016.6458
https://doi.org/10.1056/NEJMoa0801891
https://doi.org/10.1093/ajcn/77.5.1192
https://doi.org/10.1001/archinternmed.2010.201
https://doi.org/10.3389/fcvm.2021.717257
https://doi.org/10.1097/CD9.0000000000000034
https://doi.org/10.1097/CD9.0000000000000025
https://doi.org/10.1056/NEJMoa2002032
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://doi.org/10.1016/j.ypmed.2017.01.012
https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx
https://doi.org/10.1016/S2213-8587(21)00045-0
https://doi.org/10.1056/NEJMsa1909301
https://doi.org/10.1001/jama.2009.2014
https://doi.org/10.1038/ijo.2008.231
https://doi.org/10.1016/j.ahj.2004.07.009
https://doi.org/10.1002/oby.20796
https://doi.org/10.3389/fphys.2019.01162
https://doi.org/10.1097/CD9.0000000000000034
https://doi.org/10.1089/jwh.2016.6196
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Trends in general and abdominal obesity in US adults: Evidence from the National Health and Nutrition Examination Survey (2001–2018)
	Introduction
	Methods
	Data source
	Body mass index and waist circumference measurement
	Statistical analysis

	Results
	Participant characteristics
	The prevalence of general and abdominal obesity
	The association of age, BMI, and abdominal obesity

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


