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ABSTRACT
Objectives To analyse detailed trends in adult obesity 
from 2003 to 2018 in the USA, and provide the latest 
national estimates of adult obesity in 2017–2018.
Design, setting and participants Analysis of data, 
including measured height and weight, obtained from 
42 266 adults aged ≥20 years from the National Health and 
Nutrition Examination Survey, a cross- sectional, nationally 
representative sample of the US population.
Exposure Survey period.
Primary outcome measures The mean body mass index 
(BMI) and prevalence of overweight and obesity.
Results In 2017–2018, the prevalence of overweight 
(including obesity, BMI ≥25 kg/m2) and obesity (BMI 
≥30 kg/m2) was 73.8% (95% CI 71.1% to 76.4%) and 
42.8% (95% CI 39.5% to 46.1%), respectively. From 
2003 to 2018, a significant increase in the prevalence 
of overweight (including obesity, overall adjusted OR 
for 2017–2018 vs 2003–2004, 1.08 (95% CI 1.04 to 
1.13) and obesity (overall adjusted OR for 2017–2018 vs 
2003–2004, 1.15 (95% CI 1.10 to 1.21) was found among 
American adults. However, annual changes in mean BMI 
and the prevalence of overweight and obesity did not differ 
significantly before and after 2009–2010. The prevalence 
of overweight and obesity varied significantly by age, 
sex, race, education, daily total energy intake, economic 
conditions and physical activity status (all p<0.05).
Conclusions Although the prevalence of adult obesity 
continues to rise, there have been no significant changes 
in the annual growth of adult obesity prevalence 
between 2003–2004 and 2017–2018. In 2017–2018, 
the prevalence of obesity was 42.8%, which equates to 
76 million American adults at risk for serious and costly 
chronic conditions. The prevalence of obesity was higher 
among older adults (aged 60–69 years), females, non- 
Hispanic blacks, and those who did not graduate college, 
were physically inactive, reported lower daily total energy 
intake and had poor economic status.

INTRODUCTION
Obesity is one of the most common risk factors 
for chronic diseases such as diabetes mellitus, 
cardiovascular diseases, renal damage and 
cancers, which affected 670 million adults 
globally in 2016.1–7 In the USA, the obesity 
rate has been on the rise since the 1980s.8 

By 2030, obesity is expected to reach a preva-
lence of 48.9% among American adults.9

Some studies have reported trends in obesity 
prevalence among American adults using data 
from National Health and Nutrition Exam-
ination Survey (NHANES).8 10–19 Between 
1976–1980 and 1988–1994, the prevalence 
of obesity among American adults increased 
from 14.5% to 22.5%.10 The prevalence of 
obesity increased from 22.9% to 30.5% from 
1988–1994 to 1999–2000, maintaining similar 
growth rates of approximately 8%.11 Over the 
period from 1999–2000 to 2017–2018, there 
was a larger increase in the prevalence of 
obesity among males (from 27.5% to 43.0%) 
than seen previously and a similar growth in 
the prevalence among females (from 33.4% 
to 41.9%).14 The majority of previous studies 
have focused on differences in the prevalence 
of obesity by age, sex and race. Differences in 
the prevalence of obesity by other covariates 
such as educational level, economic status, 
daily total energy intake and physical activity 
status have been scarcely studied. The effects 
of the 2008–2009 global financial crisis on 
economic status, physical activity status and 
daily total energy intake are still unknown. 
How changes in economic status, physical 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Our present study used a larger sample size as well 
as a longer time span than the previous studies.

 ⇒ Although National Health and Nutrition Examination 
Survey is designed to provide nationally represen-
tative estimates, it is a repeated cross- sectional 
survey, which precludes within- individual change in 
body mass index (BMI) or obesity.

 ⇒ Our study assessed annual changes in BMI and 
obesity, and the potential effects of the 2008–2009 
global financial crisis among US adults.

 ⇒ Obesity was defined mainly based on measure-
ments of BMI, which does not measure body fat 
directly.
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activity status and daily total energy intake may impact 
the prevalence of overweight and obesity is less well 
understood.

In this study, our primary aim was to provide the latest 
national estimates of adult obesity and evaluate trends 
in mean body mass index (BMI) and adult obesity from 
2003 to 2018. The secondary aims of our study were as 
follows: (1) To explore the changes in mean BMI and 
adult obesity before and after 2009–2010 (ie, before and 
after the 2008–2009 global financial crisis taken place) 
and (2) To assess how these trends might vary by age, 
sex, race, educational level, economic status, daily total 
energy intake and physical activity status.

MATERIALS AND METHODS
Database and participants
The NHANES is a nationally representative sample of the 
US population, which collects data from survey partici-
pants through household interviews, standardised physical 
examinations and laboratory tests in mobile examination 
centres.20 The survey is unique in that it combines data 
from interviews and physical examinations. The NHANES 
released data every 2 years to ensure an adequate sample 
size for analyses and to protect confidentiality. The survey 
examines a nationally representative sample of approx-
imately 5000 people each year. The NHANES interview 
includes demographic, socioeconomic, dietary and 
health- related questions. The examination component 
consists of medical, dental and physiological measure-
ments, as well as laboratory tests administered by highly 
trained medical personnel. Detailed information on the 
NHANES procedures is available in the literature.21

The present study used NHANES data from adults aged 
≥20 years (N=44 790) collected from eight survey cycles 
from 2003 to 2018. Among the 44 790 participants (21 668 
males and 23 122 females), 42 266 had complete data on 
BMI and were included in the final analysis.

Data collection
Information about anthropometric measurements 
(including height and weight) and BMI was obtained 
from examination data. Information about age, sex, race, 
education and poverty income ratio (PIR) was obtained 
from demographic data. Data on total energy intake were 
obtained from the total nutrient intake file from the 
second- day dietary interview, which contains a summary 
of the individual’s nutrition from all foods and beverages 
provided on the dietary recall. Total energy intake was 
categorised into tertiles. PIR was a ratio of family income 
to the poverty threshold, which was calculated by dividing 
family income by the poverty guidelines for the year 
the survey was completed. PIR was categorised into two 
groups: <130% and ≥130%. This classification of PIR has 
been used in a previous study.22 Data on physical activity 
were obtained from the physical activity questionnaire. 
Based on the 2018 Physical Activity Guidelines for Amer-
icans, respondents who engaged in moderate- intensity 

aerobic activity for 150 min/week, vigorous- intensity 
aerobic activity for 75 min/week or an equivalent combi-
nation of both (1 min of vigorous- intensity physical activity 
is equivalent to 2 min of moderate- intensity physical 
activity) were defined as meeting the guidelines.23 In our 
analysis, physical activity was categorised into three levels: 
sufficiently active, insufficiently active and inactive. Suffi-
ciently active was defined as moderate- intensity aerobic 
activity for 150 min/week, vigorous- intensity aerobic 
activity for 75 min/week or an equivalent combination 
of both. Insufficiently active was defined as some aerobic 
activity for 10–149 min/week, but not enough to meet the 
guidelines. Inactive was defined as some physical activity 
(<10 min/week) or no reported physical activity.23 This 
classification of physical activity has been used in previous 
studies.24

Statistical analysis
According to the WHO classification, we defined over-
weight, including obesity, as BMI ≥25 kg/m2 and obesity 
as ≥30 kg/m2. Overall, the mean BMI and prevalence of 
overweight and obesity in each survey cycle were calcu-
lated by incorporating sample weights and adjusting for 
clusters and strata of the complex sample design of the 
NHANES. Individuals with missing demographic infor-
mation on height or weight measurements were excluded 
from the analyses.

In table 1, continuous variables are presented as 
weighted means and SEs, while categorical variables are 
presented as unweighted counts and weighted propor-
tions. Comparisons between survey cycles were made 
using the Wald test (categorical variables) or Kruskal- 
Wallis rank- sum test (skewed distribution).

We used survey- weighted generalised linear regression 
models to evaluate the trends in BMI and the prevalence 
of overweight and obesity by survey period. Multivariate 
survey- weighted generalised linear regression models 
were adjusted for age, sex, race, education, PIR, total 
energy intake and physical activity status. A p value for 
the trends was obtained by entering the median value of 
each category of BMI, the prevalence of overweight and 
obesity as a continuous variable and rerunning the corre-
sponding survey- weighted generalised linear regression 
models.

We used a previously described method to compare 
trends in mean BMI and prevalence of overweight and 
obesity before and after 2009–2010 to explore the poten-
tial impact of the 2008–2009 global financial crisis.25 We 
calculated annual mean BMI changes as the absolute 
value of the difference in mean BMI between the start and 
end years divided by the total number of years covered. 
We also calculated the annual relative changes in over-
weight and obesity prevalence as the absolute value of the 
difference in prevalence between the start and end years 
divided by the prevalence in the start year annualised by 
accounting for compounding. Welch’s t- tests were used 
to compare trends in mean BMI and prevalence of over-
weight and obesity before and after 2009–2010.
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All simulations and analyses were performed using 
R software (R Foundation for Statistical Computing, 
Vienna, Austria, V.3.6.3) and the ‘survey’ package (eg, 
svymean and svyglm), which considers sampling weights 
(16- year exam weight), clustering and stratification of the 
complex survey design.26 A two- sided p<0.05 was consid-
ered to be statistically significant.

Patient and public involvement
The public was not involved in the design, conduct, 
reporting, or dissemination plans of our study.

RESULTS
The demographic characteristics of all participants 
according to the eight survey cycles are listed in table 1. 
In total, 42 266 participants (20 408 males and 21 858 
females) were included in our final analysis. The weighted 
mean (SE) age of the population was 47.11 (0.20) years, 
47.97% of the population were male and the weighted 
mean (SE) BMI was 28.93 (0.07) kg/m2. Approximately 
two- thirds (67.36%) were non- Hispanic white, 11.41% 
were non- Hispanic black, 8.38% were Mexican Amer-
ican, 5.33% were Hispanic and 7.51% were categorised 
as ‘other race’. More than 80% had a minimum of a high 
school education and approximately 80% reported good 
economic status (PIR ≥130%). The average (SE) daily 
total energy intake was 2027.31 (7.96) kcal. Approxi-
mately 65% reported meeting physical activity guidelines. 
The prevalence of overweight and obesity increased over 
time, whereas the inverse was true for normal weight 
(p=0.002). The prevalence of overweight and obesity 
varied significantly by age, sex, race, education, daily total 
energy intake, economic conditions and physical activity 
status (online supplemental table S1).

The mean (SE) BMI levels increased from 28.24 
(0.07) kg/m2 in 2003–2004 to 29.86 (0.26) kg/m2 in 
2017–2018 (online supplemental table S2). In 2017–
2018, the obesity prevalence was 42.8% (95% CI 39.5% 
to 46.1%), increasing more than 10% from 32.3% in 
2003–2004 (95% CI 29.9% to 34.6%) (online supple-
mental table S3). Consistent with the increase in mean 
BMI and obesity prevalence, we found that the preva-
lence of overweight (including obesity) increased from 
66.3% (95% CI 64.4% to 68.3%) in 2003–2004 to 73.8% 
(95% CI 71.1% to 76.4%) in 2017–2018 (online supple-
mental table S4). We used survey- weighted generalised 
linear regression models to evaluate the trends in BMI 
and prevalence of overweight and obesity by survey 
period (table 2). Compared with 2003–2004, the mean 
(SE) BMI increased by 1.96 kg/m2 (95% CI 1.34 to 2.57, 
p<0.001) in 2017–2018 after adjusting for age, sex, race, 
education, PIR and physical activity status (table 2, online 
supplemental table S5). The findings were similar for 
the prevalence of overweight and obesity. Compared 
with 2003–2004, the adjusted ORs for the prevalence 
of overweight (including obesity) and obesity were 1.08 
(95% CI 1.04 to 1.13, p<0.001) and 1.15 (95% CI 1.10 to C
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1.21, p<0.001), respectively (table 2, online supplemental 
table S6,S7). However, we found no significant effect of 
the survey cycle on the prevalence of overweight among 
males after adjusting for potential confounding variables 
(adjusted OR 1.05, 95% CI 1.00 to 1.11, p=0.050) (online 
supplemental table S7).

Table 3 shows the annual change in mean BMI as well 
as overweight and obesity prevalence from 2003–2004 
to 2009–2010 and from 2011–2012 to 2017–2018. The 
increase in mean BMI was somewhat larger after 2009–
2010 (0.12 kg/m2 annual relative increase, 95% CI 0.06 to 
0.19) than before 2009–2010 (0.07 kg/m2 annual relative 
increase, 95% CI 0.02 to 0.13). However, this difference 
was not statistically significant (p=0.848). Annual changes 
in the prevalence of overweight and obesity were similar. 
The acceleration in the rise of obesity prevalence was 
mainly due to an increase in the prevalence of obesity 
among those who were in a better economic status (0.40% 
annual relative increase, 95% CI −1.11% to 1.93% vs 2.97% 
annual relative increase, 95% CI 1.75% to 4.20%). Again, 
this difference was not significantly different (p=0.985). 
Likewise, for the prevalence of overweight (including 
obesity), the annual increase was numerically faster after 
2009–2010 than before 2009–2010 (0.6%, 95% CI −0.08% 
to 1.27% vs 0.72%, 95% CI 0.15% to 1.29%; p=0·584). 
Remarkably, the prevalence of overweight (including 
obesity) was nearly unchanged among those with poor 
economic conditions after 2009–2010 (0.00% annual 
relative increase, 95% CI −0.96% to 0.97%) compared 
with before 2009–2010 (1.82% annual relative increase, 
95% CI 0.55% to 3.10%, p=0.037). Meanwhile, both 
males and females with poor economic conditions had a 
slower increase in BMI and the prevalence of overweight 
and obesity after 2009–2010 compared with before 2009–
2010. In contrast, a larger increase was found among 
those with good economic conditions after 2009–2010, 
although without statistical significance (p>0.05).

Graphical representations of the changes in the distri-
bution of mean BMI and overweight and obesity preva-
lence are shown in figures 1 and 2. Figure 1 shows the 

changes in mean BMI across years stratified by age, PIR, 
education and race. Similar trends in mean BMI were 
found across subgroups of age, PIR, education, race, sex 
and physical activity status. Overall, the mean BMI gener-
ally increased over time among all participants. In the age 
subgroup, the lowest mean BMI was found in those aged 
20–30 years, followed by those aged >70 years (online 
supplemental table S2, figure 1). Compared with good 
economic conditions, BMI was higher for those with poor 
economic conditions since 2005–2006. In 2017–2018, 
participants with poor economic conditions had a mean 
BMI 1.68 kg/m2 lower than those with good economic 
conditions. Between 2003–2004 and 2017–2018, a lower 
mean BMI was found among participants with a higher 
educational level than among those with a lower educa-
tional level. A similar trend was found in the subgroup 
stratified by race. In 2017–2018, the mean (SE) BMI for all 
participants was 29.86±0.26 kg/m2, with the highest mean 
BMI in non- Hispanic blacks (31.29±0.29 kg/m2) and the 
lowest BMI in other racial populations (28.21±0.39 kg/
m2) (table 1, figure 1). Figure 2 shows the changes in 
mean BMI across years stratified by sex and activity status. 
Changes in overweight and obesity prevalence across 
years stratified by sex are also shown in figure 2. From 
2003–2004 to 2017–2018, the mean BMI increased simi-
larly in both sexes, by approximately 1.61 kg/m2 for males 
and 1.64 kg/m2 for females (online supplemental table 
S2, figure 2). Meanwhile, males had a lower BMI than 
females. In the physical activity status subgroup, there was 
a more complex pattern, with a decrease in mean BMI 
in 2011–2012 among those who were inactive and insuffi-
ciently active. Although there was an acceleration in the 
increase of mean BMI among those who were sufficiently 
active, their mean BMI was the lowest.

The trends in increasing obesity prevalence over time 
were largely consistent for males and females. In 2003–
2004, males had a lower mean BMI and a lower preva-
lence of obesity than females, but the opposite pattern 
was seen in 2017–2018. In 2017–2018, males had a higher 
prevalence of obesity than females (43.3%, 95% CI 38.2% 

Table 2 Change in BMI, overweight and obesity over time among adults in the USA, 2003–2018

Years

Mean BMI Prevalence of overweight Prevalence of obesity

Adjusted β* (95% CI) P value Adjusted OR* (95% CI) P value Adjusted OR* (95% CI) P value

2003–2004 Reference Reference Reference

2005–2006 0.38 (−0.23 to 0.99) 0.215 1.01 (0.97 to 1.05) 0.598 1.03 (0.99 to 1.07) 0.184

2007–2008 0.48 (0.04 to 0.93) 0.035 1.02 (0.98 to 1.05) 0.281 1.03 (1.00 to 1.06) 0.084

2009–2010 0.70 (0.26 to 1.15) 0.002 1.03 (0.99 to 1.07) 0.178 1.06 (1.03 to 1.09) <0.001

2011–2012 1.08 (0.55 to 1.61) <0.001 1.05 (1.00 to 1.09) 0.034 1.07 (1.03 to 1.11) <0.001

2013–2014 1.18 (0.66 to 1.70) <0.001 1.05 (1.01 to 1.08) 0.012 1.08 (1.04 to 1.11) <0.001

2015–2016 1.59 (1.03 to 2.20) <0.001 1.06 (1.02 to 1.10) 0.005 1.11 (1.07 to 1.16) <0.001

2017–2018 1.96 (1.34 to 2.57) <0.001 1.08 (1.04 to 1.13) <0.001 1.15 (1.10 to 1.21) <0.001

P for trend <0.001 <0.001 <0.001

*Models adjusted for age, sex, race, education, family poverty income ratio, daily total energy intake and physical activity status.
BMI, body mass index.;
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to 48.4% vs 42.3%, 95% CI 38.6% to 46.0%) (online 
supplemental table S3, figure 2).

The trends in increasing overweight prevalence over 
time were similar for both sexes. Overall, the overweight 
prevalence in males was higher than that in females. 
Between 2003–2004 and 2017–2018, the overweight 
(including obesity) increased similarly in both sexes, by 
approximately 1.61 kg/m2 for males and 1.64 kg/m2 for 
females. For overweight (including obesity) prevalence 
trends, there was an increasing prevalence among males 
from 70.6% (95% CI 68.0% to 73.0%) in 2003–2004 
to 77.4% (95% CI 73.9% to 80.9%) in 2017–2018, and 
among females from 62.5% (95% CI 59.9% to 65.9%) to 
70.5% (95% CI 67.3% to 73.6%) (online supplemental 
table S4, figure 2).

DISCUSSION
Our present study showed that the prevalence of obesity 
among American adults increased from 32.3% in 2003–
2004 to 42.8% in 2017–2018. These results are broadly 
consistent with the results reported by the NCHS. In 
2017–2018, the prevalence of obesity was 42.3% among 
males and 43.3% among females. Compared with 2003–
2004, the mean BMI increased by 1.94 kg/m2, obesity 
prevalence increased by 15% and overweight prevalence 
increased by 8% in 2017–2018 after adjusting for age, 
sex, race, education, PIR and physical activity status. The 
increases in mean BMI and the prevalence of both over-
weight and obesity were somewhat larger after 2009–2010 
than before 2009–2010. However, the difference was not 
statistically significant.

The levels and changes in trends of mean BMI 
and obesity prevalence among American adults have 
been covered by numerous studies.9 15 27–29 The NCHS 
reported that the age- adjusted obesity prevalence among 
adults was 42.4% in 2017–2018, and obesity prevalence 
increased among adults from 1999–2000 to 2017–2018.15 
Another study using data from the 2005–2014 NHANES 
also showed that a statistically significant positive linear 
trend in obesity prevalence was present in females but 
not in males.28 One recent study suggested that the prev-
alence of obesity among US adults increased from 35.4% 
in 2011–2012 to 43.4% in 2017–2018. From 2011–2012 to 
2017–2018, the mean BMI increased from 28.7 kg/m2 to 
29.8 kg/m2.29 Our results were broadly consistent with the 
results of the above studies at each time point. However, 
our present study used a larger sample size as well as a 
longer time span than the above studies.

To the best of our knowledge, few studies have assessed 
annual changes in BMI and obesity prevalence and the 
potential effects of the 2008–2009 global financial crisis 
among US adults. A previous study conducted using 
NHANES data from 1999 to 2008 showed that the increases 
in the prevalence of obesity do not appear to be continuing 
at the same rate from 1999–2000 to 2007–2008. When they 
adjusted for age and race with survey period as a categor-
ical variable, there were no significant differences in the Ta
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prevalence of obesity between 2003–2004 and 2007–2008 
for males.27 This is broadly consistent with our findings. In 
our study, statistically significant differences in mean BMI 
and obesity prevalence for both sexes were found since 
2009–2010 (table 2). Furthermore, a previous study eval-
uated the effects of the economic crisis on dietary quality 
and obesity rates.30 They found that economic changes 
can modify diet quality and increase the risk of having 
a poor diet or being obese, which was mainly due to the 
changes in economic and work conditions. In our study, 
the impact of economic conditions on BMI was complex. 
A significant increase in mean BMI was found among 
both the poor and the rich. The overall BMI was higher 
for those with poor economic conditions since 2005–2006 
than for those with good economic conditions (figure 1). 
However, the acceleration in the increase of obesity prev-
alence was mainly due to an increase in the prevalence of 
obesity among those who are in a better economic status 
(table 3). Interestingly, there was no significant differ-
ence in the annual change in obesity prevalence before 
and after the financial crisis. This may be mainly due to 
the increase in the proportion of the poor after the finan-
cial crisis. The proportion of the poor increased from 
21.68% in 2009–2010 to 24.6% in 2011–2012. This trend 
continued until 2015. In our present study, although the 
differences were not statistically significant, numerical 

larger increases in mean BMI and the prevalence of both 
overweight and obesity were found after 2009–2010 than 
before 2009–2010.

Interestingly, participants in the highest daily total 
energy intake tertile had the lowest BMIs compared with 
those in the lowest daily total energy intake tertile (28.97 
kg/m2 vs 29.30 kg/m2). The findings were similar for the 
prevalence of obesity (36.7% vs 39.9%) and overweight 
(69.8% vs 70.9%). Thus, we analysed the characteristics 
of the participants according to tertiles of daily total 
energy intake (online supplemental table S8). Compared 
with those in the lowest daily total energy intake tertile, 
participants in the highest daily total energy intake tertile 
had higher proportions of non- Hispanic whites and 
individuals who were college educated (college degree 
or higher), sufficiently physically active and had good 
economic status. This might in part be related to the 
lower BMI and prevalence of obesity.

In addition, although the mean BMI and the prevalence 
of overweight and obesity increased over time, the mean 
daily total energy intake decreased from 2003–2004 to 
2017–2018 (2113.90±7.96 kcal/day vs 1980.34±7.96 kcal/
day, p<0.001). Several mechanisms may explain this 
phenomenon: (1) The reduction in energy intake 
may lead to hunger increases and energy expenditure 
declines, leading to physiological adaptations that tend 

Figure 1 Mean BMI by age (A), poverty income ratio (B), education (C) and race (D) group from 2003 through 2018.

https://dx.doi.org/10.1136/bmjopen-2022-065425
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to push body weight back up31; and (2) In the USA, 
carbohydrate intake has increased markedly, resulting 
in major increases in the proportion of calories from 
carbohydrates.32 A high- carbohydrate diet could produce 
postprandial hyperinsulinaemia, which promotes energy 
storage and causes an increase in body weight.33

In our study, a lower mean BMI was found among partic-
ipants with a higher educational level than among those 
with a lower educational level. A previous study showed 
that a higher educational level is related to a lower BMI 
level among middle- aged females, mainly on account of 
selection.34 Theories of selection note that low- BMI chil-
dren tend to have higher grades and test scores, and better 
chances of completing secondary and tertiary education. 
It has also been reported that young overweight or obese 
females are more likely to have a lower educational level.34 
This might be explained by the following reasons: (1) 
Children with a lower BMI tend to come from socioeco-
nomically advantaged families, and have better chances 
of completing their studies34; (2) Children with a lower 
BMI may benefit from physical activity, which may have 
a positive influence on academic performance35; and 
(3) Negative views on high- BMI children may impair 
their academic performance.36 Our results also show that 
females had a higher prevalence of obesity than males. 
This may be due to oestrogen- reducing postprandial fatty 

acid oxidation, leading to an increase in body fat among 
females.37 Meanwhile, it was less likely for females to be 
physically active than for males.

In our study, approximately 67.4% of participants 
reported meeting physical activity guidelines in 2017–
2018. As reported by the NCHS, 53.3% of adults aged ≥18 
years met the 2018 Physical Activity Guidelines for Ameri-
cans for aerobic physical activity. However, the NCHS esti-
mates were limited to leisure- time physical activity only. 
Our estimates were based on the Global Physical Activity 
Questionnaire, including both daily activities (work activ-
ities) and leisure time activities. For this reason, our esti-
mates were larger than those reported by NCHS reports.

Although NHANES is designed to provide nationally 
representative estimates, it is a repeated cross- sectional 
survey, which precludes within- individual change in BMI 
or obesity. Meanwhile, obesity was defined mainly based 
on measurements of BMI, which does not measure 
body fat directly. Although BMI is highly correlated 
with overall body fat,38 the relationship between BMI 
and body fat varies by sex, age and race- ethnicity.39 In 
addition, the study used a large nationally representa-
tive sample of adults from the USA. Thus, our results 
are only generalisable to the US population. Therefore, 
there are certain limitations in the extrapolation of the 
study results.

Figure 2 Mean BMI by sex (A), physical activity status (B)group and prevalence of overweight (C) and obesity (D) from 2003 
through 2018.
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The COVID- 19 global pandemic has changed the 
lifestyle of most Americans. It has been reported that 
approaches designed to contain the spread of COVID- 19, 
such as lockdowns, might exacerbate the prevalence of 
obesity.40 The effects of the COVID- 19 global pandemic 
on BMI and the prevalence of obesity have yet to be 
examined. Regrettably, information about anthropo-
metric measurements in NHANES after 2018 has not 
been released. Additional follow- up studies are required 
to answer these questions.

CONCLUSIONS
Although the prevalence of adult obesity continues to 
rise, there have been no significant changes in the annual 
growth of adult obesity prevalence between 2003–2004 
and 2017–2018. In 2017–2018, the prevalence of obesity 
was 42.8%, which equates to 76 million Americans at risk 
for serious and costly chronic conditions. The prevalence 
of obesity was higher among older adults (aged 60–69 
years), females, non- Hispanic blacks and participants 
who did not graduate college, were physically inactive, 
reported lower daily total energy intake and had poor 
economic status.
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