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Trends in Metabolically Unhealthy Obesity by Age, Sex, Race/Ethnicity, and Income

among US Adults, 1999-2018

Population Results

Data from the National Health ® The age-adjusted percentage of MUO continuously increased in US adults across all subgroups from 1999 to 2018 (all P<0.05 for linear trend).
and Nutrition Examination ® |t remained consistently higher in adults aged 45-64 years than in the other two age subgroups (P<0.05 for group differences).

Survey ® |t was continuously higher in Non-Hispanic Blacks than in Non-Hispanic Whites (P<0.05 for group differences).

(19992018, aged > 20 years, ~ ® It was consistently higher in individuals with high income level than in those with low income (P<0.05 for group differences).
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Conclusion This study found a continuous rise in MUO among US adults from 1999 to 2018, o
with persistent disparities by age, race/ethnicity, and income. J
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* This study assesses MUO trends across groups to evaluate long-term disparities.
* The age-adjusted percentage of MUO rose across all subgroups from 1999 to 2018.
* MUO disparities by age, race/ethnicity, and income persisted among US adults.

¢ The study calls for timely assessment and targeted prevention of MUO.
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Trends in Metabolically Unhealthy Obesity by Age,
Sex, Race/Ethnicity, and Income among United States
Adults, 1999 to 2018
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*School of Nursing Peking University Health Science Center, Beijing, China

Background: This study aimed to estimate temporal trends in metabolically unhealthy obesity (MUO) among United States (US)
adults by age, sex, race/ethnicity, and income from 1999 to 2018.

Methods: We included 17,230 non-pregnant adults from a nationally representative cross-sectional study, the National Health
and Nutrition Examination Survey (NHANES). MUO was defined as body mass index >30 kg/m* with any metabolic disorders
in blood pressure, blood glucose, and blood lipids. The age-adjusted percentage of MUO was calculated, and linear regression
models estimated trends in MUO.

Results: The weighted mean age of adults was 47.28 years; 51.02% were male, 74.64% were non-Hispanic White. The age-adjusted
percentage of MUO continuously increased in adults across all subgroups during 1999-2018, although with different magnitudes
(all P<0.05 for linear trend). Adults aged 45 to 64 years consistently had higher percentages of MUO from 1999-2000 (34.25%;
95% confidence interval [CI], 25.85% to 42.66%) to 2017-2018 (42.03%; 95% CI, 35.09% to 48.97%) than the other two age sub-
groups (P<0.05 for group differences). The age-adjusted percentage of MUO was the highest among non-Hispanic Blacks while
the lowest among non-Hispanic Whites in most cycles. Adults with high-income levels generally had lower MUO percentages
from 1999-2000 (22.63%; 95% CI, 17.00% to 28.26%) to 2017-2018 (32.36%; 95% CI, 23.87% to 40.85%) compared with the oth-
er two subgroups.

Conclusion: This study detected a continuous linear increasing trend in MUO among US adults from 1999 to 2018. The persis-
tence of disparities by age, race/ethnicity, and income is a cause for concern. This calls for implementing evidence-based, struc-
tural, and effective MUO prevention programs.
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INTRODUCTION

Obesity, which is traditionally assessed by the body mass index
(BMI) with a cut-off value of >30 kg/m? has become one of
the most challenging public health issues globally and within
the United States (US) [1] since it is typically linked to an array
of metabolic abnormalities or metabolic disorders such as hy-

pertension, dyslipidemia, and impaired blood glucose et al.
[2,3] and an increase in the incidence of cardiovascular diseas-
es (CVD) such as stroke, heart failure, and coronary heart dis-
ease [4-6].

However, it was increasingly debated that obesity classifica-
tion based on BMI status alone may not provide adequate in-
formation about current health status [2] because the risk of
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developing obesity-related complications in people with obesi-
ty is interindividual heterogeneous [5-7]. In other words, not
all individuals with obesity exhibit metabolic disorders [8].
Under the rationale, metabolically healthy obesity (MHO) and
metabolically unhealthy obesity (MUO) are developed by in-
corporating metabolic health status and BMI. Although there
has not been a universally accepted definition [3], MHO is
typically used to describe a subgroup of individuals who are
with obesity but free from cardiometabolic disorders, includ-
ing elevated triglycerides (TG), reduced high-density lipopro-
tein cholesterol (HDL-C), elevated blood pressure (BP), elevat-
ed fasting glucose, or drug treatment for those disorders [5,9].
In contrast to MHO, MUO refers to obesity with any metabolic
disorders. Such novel concepts provide promising insight for
stratifying people in the clinical treatment and management of
obesity [7].

In recent years, MUO has received considerable attention,
and results from empirical evidence suggest that MUO devel-
ops because MHO is not stable and is transient over time [10].
Schroder et al. [11] reported that nearly 50% of individuals with
MHO converted to MUO. As emphasized in previous studies,
each metabolic factor has been confirmed to be associated with
an increased risk of CVD, and the excess in CVD-related mor-
tality might result from the cluster of those metabolic factors
[12]. Under the rationale of the obesity epidemic and the high
risks of MUO-associated unfavorable health outcomes, shed-
ding light on trends in MUO might be beneficial for the strati-
fication and treatment of obesity and inform policy efforts.

Moreover, population factors such as age, sex, race/ethnicity,
and family income lead to considerable disparities in obesity
or metabolical health conditions [13-17]. To our knowledge,
rooted causes of health inequality and health disparities in
America are complicated, including social, economic, environ-
mental, and structural factors. Among those factors, disparities
based on race/ethnicity, especially between Whites and Blacks,
are the most persistent and challenging to emphasize in the US
[18] because they play a fundamental role in structuring socio-
economic disparities [19]. Another critical factor that impacts
health inequity and health disparities is income and wealth.
People with more income could get more opportunities to re-
ceive quality healthcare services and greater resources to afford
a healthy lifestyle, housing, quality education, and so on [20].
However, few studies have examined the trends in the percent-
age of MUO among US adults by age, sex, race/ethnicity, and
family income, making it unclear how MUO changed over
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time and leaving a knowledge gap in understanding and differ-
entiating disparities of MUO trends by those factors. There-
fore, a comprehensive understanding of the changes in secular
trends in the prevalence of MUO helps provide evidence to in-
form more precise, novel policy strategies and targeted inter-
ventions for the stratification, treatment, and management of
obesity to eliminate health disparities [21].

Therefore, the primary objective of this study was to use data
from the National Health and Nutrition Examination Survey
(NHANES) 1999-2018 to estimate trends in the percentage of
MUO among US adults in different age and sex groups, the
three largest racial/ethnic groups and different socioeconomic
levels to determine long-term differences in changes in health
inequities.

METHODS

Data source and study population

We used the most recent 10 cycles’ data from a sequential series
of nationally representative cross-sectional surveys, NHANES,
from 1999-2000 to 2017-2018, with a response rate ranging
from 48.8% to 76.0% [22]. Selecting participants using a com-
plex, stratified, multistage probability cluster sampling design,
the NHANES has been conducted every 2 years to assess non-
institutionalized people’s health and nutritional status through
questionnaires, physical examinations, and laboratory blood
tests. In this study, we included non-pregnant adults aged 20
years and older. We excluded participants if they had missing
data in demographic information (i.e., age, sex, self-reported
race/ethnicity, education level, marital status, and family in-
come-to-poverty ratio) and missing data on MUO (Supple-
mentary Fig. 1).

Data collection

Demographic information was collected through a question-
naire during household interviews. Weight, height, and BP
were measured through standard protocols. Well-trained labo-
ratory staff members tested a blood sample for fasting plasma
glucose, glycosylated hemoglobin level, TG, total cholesterol,
and HDL-C.

The current analysis collected demographic data, including
age, sex, race/ethnicity, educational background, marital status,
and family poverty income ratio (FPIR) that represents annual
family income compared to the federal poverty level [16,23].
This study separated participants into three age groups (20-44,

Diabetes Metab ] 2025;49:475-484  https://e-dmj.org



Trends in metabolically unhealthy obesity

45-64, 265 years). We mainly included three racial groups
(non-Hispanic White, non-Hispanic Black, and Hispanic) be-
cause of the relatively small numbers in other races/ethnicities,
and Asians were not categorized until 2011. Socioeconomic
status was stratified into three levels: at or below the poverty
level if FPIR <100%, middle-income level if FPIR was from
101% to 399%, and high-income level if FPIR >400% [16,23].

Measurement of MUO

We collected medication, physical examination, and blood data
to define MUO based on harmonized criteria. Participants were
defined as MUO if they were with obesity (BMI >30 kg/m?),
and with any of the following criteria: (1) elevated BP, (2) elevat-
ed blood glucose, and (3) dyslipidemia [9,24]. More details are
demonstrated in Supplementary Table 1.

Statistical analysis

We used SAS version 9.4 (SAS Institute Inc., Cary, NC, USA)
and SUDAAN Release 11.0.4 (RIT International, Research Tri-
angle Park, NC, USA) to perform the statistical analyses under
the analytic guidelines of the NHANES. The analytic process
incorporated the sample weights that accounted for the differ-
ential probabilities of the sampling selection, survey non-re-
sponse, and post-stratification adjustment. We used the Taylor
series linearization to estimate the variance (sampling errors).
Firstly, the age-adjusted percentage of MUO was calculated us-
ing a direct standardization method based on the 2000 US
Census population (20-44, 45-64, and 265 years) [25]. Then,
we used the orthogonal polynomial option to test the nonlin-
earity of the trends by adding quadratic effects. If the trends
were found to be nonlinear, the joinpoint regression modeling
through the Joinpoint Desktop Software version 5.0.2 (Nation-
al Cancer Institute, Bethesda, MD, USA) was used to estimate
the number and location of possible joinpoints. Once the join-
points were identified, a joint regression model with one or
more joints was used to obtain the final slope of the trends. If
the trends were found to be linear, a linear regression model
was fit to obtain the final slope of the trends. We also compared
FPIR by race/ethnicity. All statistical tests were two-sided, and
the significance was P less than 0.05.

Ethics approval

The NHANES was approved by the National Center for Health
Statistics Research Ethics Review Board (Protocol #98-12, Pro-
tocol #05-06, Protocol #2011-17, Protocol #2018-01, https://
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www.cdc.gov/nchs/nhanes/irba98.htm), and written informed
consent was obtained from all participants. This analysis was
exempt from an institutional ethical review because we used a
publicly available, de-identified dataset. For the current study,
we used data from 1999 to 2018, publicly available at https://
wwwn.cdc.gov/nchs/nhanes/Default.aspx.

RESULTS

Sociodemographic characteristics

We included 17,230 non-pregnant participants with a weight-
ed mean+standard error age of 47.28+0.23 years in the final
trend analysis, representing 178,994,217 US adults aged 20
years and older. Across all years from 1999-2000 to 2017-
2018, 8,664 (51.02%) were male, 8,787 (74.64%) were non-
Hispanic White, 8,542 (58.66%) were at an education back-
ground of high school or below, 8,390 (65.71%) were married
or living with a partner, and 9,378 (50.48%) were at a middle-
income level. More details are displayed in Table 1. As shown
in Supplementary Table 2, non-Hispanic Whites had the high-
est proportion of high income among three racial/ethnic
groups from 1999-2000 to 2017-2018 (P<0.001).

MUO trends by age

Tables 2, 3, and Fig. 1A illustrate the age-adjusted percentage of
MUO in adults of different ages. Surprisingly, the age-adjusted
percentage of MUO in adults aged 45-64 years was significant-
ly higher than those aged 20-44 or >65 years from 1999-2000
through 2017-2018 (P<0.05 for group differences). The age-
adjusted percentage of MUO increased in US adults across all
age subgroups from 1999-2000 through 2017-2018 (all
P<0.05 for linear trend). Specifically, during 1999-2018, the
age-adjusted percentage of MUO in adults aged 20-44 years
increased by 1.24% points per survey cycle from 23.51% (95%
confidence interval [CI], 18.94% to 28.07%) in 1999-2000 to
33.95% (95% CI, 28.58% to 39.32%) in 2017-2018 (P<0.001
for linear trend). A similar linear trend was also observed in
adults aged 45-64 and =65 years, although with different mag-
nitudes during the same period.

MUO trends by sex

An increasing trend in the age-adjusted percentage of MUO was
observed in both male and female adults. MUO among male
adults increased at 1.27% points per survey cycle from 27.06%
(95% CI, 22.27% to 31.85%) in 1999-2000 to 36.49% (95% CI,
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30.39% to 42.59%) in 2017-2018, while MUO among female
adults increased at 1.29% points per survey cycle at the same pe-
riod (P<0.001 for linear trend) (Tables 2, 3, and Fig. 1B).

Table 3. Parameter estimates for joinpoints regression models
fit trends in MUO among United States adults aged 20 years or
over by age and sex: 1999-2000 through 2017-2018°

Variable® Slope SE P ;)lfo t;zt:tgat
By age group
20-44 years (0 joinpoints) 1.24 0.29 <0.001
45-64 years (0 joinpoints) 1.10 0.37 0.003
265 years (0 joinpoints) 1.33 0.32 <0.001
By sex
Male (0 joinpoints) 1.27 0.28 <0.001
Female (0 joinpoints) 1.29 0.30 <0.001

MUO, metabolically unhealthy obesity; SE, standard error.

‘Running joinpoints regression models with 0 joinpoints to estimate
the slope of linear trend, "Linear regression model with zero join-
point.

Q MUO trends by age group

51 .- Overall —=— 45-64
50  ——20-44 —+— 65+

45
40
35
30
25
20

Percentage (%)

1999- 2001- 2003— 2005- 2007- 2009—- 2011- 2013- 2015- 2017-
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

@

MUO trends by race/ethnicity

55 [ - Overall —— Hispanic
50 | —— White —=— Black

45
40
35
30
25
20
15

Percentage (%)

1999— 2001- 2003— 2005- 2007- 2009— 2011- 2013- 2015- 2017-
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

MUO trends by race/ethnicity
Tables 2, 4, and Fig. 1C present an overview of MUO trends by

Table 4. Parameter estimates for linear regression models fit
trends in MUO among United States adults aged 20 years or over
by race/ethnicity and income: 1999-2000 through 2017-2018*

Pof test
Variable® Slope SE that
slope=0
By race/ethnicity
Non-Hispanic White (0 joinpoints) ~ 1.13 0.27 <0.001
Hispanic (0 joinpoints) 2.05 0.27 <0.001
Non-Hispanic Black (0 joinpoints) ~ 1.09 0.30 <0.001
By income
FPIR <1.00 (0 joinpoints) 131 0.43 0.001
1.00< FPIR <3.99 (0 joinpoints) 1.18 0.28 <0.001
FPIR >4.00 (0 joinpoints) 1.29 0.37 0.001

MUO, metabolically unhealthy obesity; SE, standard error; FPIR,
family poverty income ratio.

‘Running joinpoints regression models with 0 joinpoints to estimate
the slope of linear trend, "Linear regression model with zero join-
point.

e MUO trends by sex

[ --- Overall
ig | —+— Male

Percentage (%)
w
w

21 1 1 1 1 1 1 1 1 1
1999— 2001- 2003— 2005- 2007- 2009—- 2011- 2013- 2015- 2017-
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

o

MUO trends by income

60 o Overall

55  —=— <1.00

50 F —+— 1.01-3.99
45 b >4.00
40
35 r
30
25
20

15 1 1 1 1 1 1 1 1 1
1999— 2001- 2003— 2005- 2007- 2009—- 2011- 2013- 2015- 2017-
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Percentage (%)

Fig. 1. Trends in metabolically unhealthy obesity (MUO) by (A) age, (B) sex, (C) race/ethnicity, and (D) income from 1999-2000

to 2017-2018.
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race/ethnicity. It is apparent that the age-adjusted percentage
of MUO in non-Hispanic Black adults was the highest, while
that in non-Hispanic White adults was the lowest in most sur-
vey cycles. Moreover, a clear increasing trend in the age-adjust-
ed percentage of MUO was observed among the study popula-
tion (all P<0.05 for linear trend). Specifically, the age-adjusted
percentage of MUO in non-Hispanic Black adults increased by
a slope of 1.13% points per cycle from 34.38% (95% CI, 26.56%
to 42.20%) in 1999-2000 to 42.59% (95% CI, 38.46% to
46.72%) in 2017-2018 (P=0.003 for linear trend). Notably,
MUO in Hispanic adults increased at 2.05% points per survey
cycle, much higher than in the other two racial/ethnic adults.

MUO trends by income

As demonstrated in Tables 2, 4, and Fig. 1D, adults with high-
income levels generally had lower MUO percentages from
1999-2000 (22.63%; 95% CI, 17.00% to 28.26%) to 2017-2018
(32.36%; 95% CI, 23.87% to 40.85%) compared with the other
two groups. This study also found an increasing trend in the
age-adjusted percentage of MUO in adults with different in-
come levels (all P<0.05 for linear trend). The results of the lin-
ear regression model indicated that adults at or below the pov-
erty level (FPIR <1.00) increased at a greater slope (1.51%
points per cycle) than those in the other two income groups.

DISCUSSION

Principal findings
The current study aimed to estimate and compare the temporal
trends in MUO among US adults aged 20 years and older across
age, sex, race/ethnicity, and income from 1999-2000 through
2017-2018 using a nationally representative sample. The core
finding of this study is that we detected a continuous linear in-
crease in MUO percentage in US adults. Furthermore, our
study highlights emerging age, race/ethnicity, and income dis-
parities that persisted in temporal MUO trends. The key find-
ings of this study update and add additional information to the
literature on MUO trends among US adults and complement
research detailing disparities in MUO prevalence by providing
temporal sociodemographic and socioeconomic components.
The most unexpected finding of this study is that the age-ad-
justed percentage of MUO was consistently higher in adults
aged 45 to 64 years than those in the other two age subgroups
from 1999 to 2018. This finding is contrary to that of Liu et al.
[26] who found that adults aged 65 years and older had the high-
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est prevalence of MUO. A possible explanation for this might
be the differences in defining MUO. For example, we used
more strict criteria to define MUO as obesity with any of the
metabolic disorders in our study. In contrast, it was described
as obesity with three or more metabolic disorders in the study
of Liu et al. [26]. From this aspect, a universally accepted defi-
nition of MUO is needed. We also found a significant increas-
ing trend in MUO across all age groups in the study, consistent
with earlier reports [26]. Such a finding suggests that greater
attention and efforts for MUO prevention must begin early.

There is an ongoing controversy on sex differences in the
prevalence of MUO. A report by Marcus et al. [27] suggested
men were more likely to be with MUO than women, whereas
Wen et al. [28] reported that the prevalence of MUO was con-
sistently higher in females than males from 1999 to 2014.
However, our study did not observe sex differences in the
prevalence of MUO, which was in line with the results of Liu et
al. [26]. Furthermore, our study detected a rising linear trend
at a similar slope in the prevalence of MUO in both male and
female adults, contrary to Wen et al’s results. [28] the preva-
lence of MUO demonstrated a logarithmic increase in females
while an inverse U-shape increase in males. So far, the associa-
tion and mechanism between sex and MUO disparities are
unclear [15]. More studies are needed to explore sex or gender
differences related to MUO.

Racial/ethnic and socioeconomic disparity in metabolic dis-
orders and associated obesity has received continuous atten-
tion in recent years. In line with previous reports [26,28], our
study confirms MUO differences related to racial/ethnic dis-
parities, particularly between non-Hispanic Blacks and non-
Hispanic Whites, as well as socioeconomic disparities. We
found that non-Hispanic Blacks had higher percentages of
MUO. In comparison, non-Hispanic Whites had lower per-
centages of MUO in most survey cycles, and we also observed
that MUO prevalence was consistently lower in low-income
adults during the entire study period. The intertwined associa-
tion between income and health inequality [29] might explain
those findings. As shown in our study, non-Hispanic White
had significant higher proportion of high income than non-
Hispanic Black, such disparities in MUO trends by race/eth-
nicity and income might result from widened disparities in
obesity and metabolic disorders prevention and control rooted
in diet intake (including frequency of fast food, consumption
of sugar-sweetened beverages, diet quality, and food security),
physical activities (including leisure-time and work-related
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physical activity), sleep quality, smoking behavior, environ-
mental exposure [14], and access to high quality of health ser-
vices [30,31]. Our findings provide clues for developing novel,
evidence-based, structural, and practical strategies to eliminate
racial and socioeconomic disparities in MUOQ is a high priority.

Strengths and limitations of the study

The main strength of the current study is the use of extensive,
nationally representative, standardized serial cross-sectional
survey data from 1999-2000 to 2017-2018 to estimate the
temporal trends and disparities in MUO percentages among
US adults across age, sex, race/ethnicity, and income. This en-
sures the validity of our results. However, we have to acknowl-
edge that this study has limitations. First, the nature of the
cross-sectional research prevents us from estimating longitu-
dinal changes in MUO over time. Second, there are different
definitions used to define MUO so far, and there is no univer-
sally accepted definition of MUO. The criteria in our study are
several commonly used, which might limit the generalizability
and interpretation of our findings. Different defining ap-
proaches might explain the heterogeneous findings on the
prevalence and clinical outcomes of MUO. For instance, Liu et
al. [32] compared the prevalence of obesity phenotypes using
five different MUO definitions for the same population. They
found that the prevalence of MUO in the same population was
inconsistent and varied greatly based on different definitions
of MUO. Therefore, longitudinal studies with a globally ac-
cepted definition of MUO would allow researchers to better
understand the changes in MUO.

Clinical implications

The finding of continuous linear increase in the age-adjusted
prevalence of MUO from 1999 to 2018 highlighted that MUO
remains a major public health issue in the US. In other words,
it is a huge challenge to face with combined burden of obesity
and metabolic problems. Therefore, early recognition of meta-
bolic disorders in obese people is of importance. We suggest
that people with obesity should participate in assessment for
metabolic health status as much as possible. Additionally,
health professionals should deliver interventions including
weight management, physical activity, dietary modification,
smoking cessation, and drug treatment et al., as soon as possi-
ble to address the underlying metabolic disorders and coexis-
tent risk factors [12]. Regarding the disparities in the preva-
lence of MUO by age, sex, race/ethnicity, and income in our
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study, we suggest that evidence-based, effective, accessible pol-
icies or strategies such as income allocation, health services ac-
cessibility, health insurance coverage, food environment and
safety et al. [33,34] should be informed and implemented to
eliminate the health disparities in the US.

Conclusion

In summary, our study found a sustained increasing trend in
MUO percentage among US adults aged 20 years and older.
Age, race/ethnicity, and income disparities persisted in the
temporal trends in MUO. Particularly, middle-aged, non-His-
panic Black and low-income adults appear to have the greatest
need for MUO prevention. Those findings suggest that MUO
is a significant health concern, and addressing MUO dispari-
ties among US adults is a high priority in research, clinical
practice, and policymaking. From a public health point of as-
pect, our study highlights disparate groups that require timely
assessment of MUO and implementation of evidence-based,
structural policy.
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Supplementary Table 1. Criteria of metabolically unhealthy obesity

Item Defining level

Obesity BMI >30 kg/m’

Metabolic syndrome
Elevated blood pressure BP >130/85 mm Hg; or using BP-lowering medication
Impaired blood glucose FPG 2100 mg/dL or HbAlc =5.7%; or using glucose-lowering medication
Dyslipidemia TG >150 mg/dL; or HDL-C <40 mg/L (male) or <50 mg/dL (female)

BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; HbAlc, glycosylated hemoglobin; TG, triglyceride; HDL-C, high-den-
sity lipoprotein cholesterol.
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Supplementary Table 2. FPIR by race of the included participants in the NHANES, 1999-2018

Characteristic 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014 2015-2016 2017-2018 1999-2018
(n=1,299) (n=1,769) (n=1,637) (n=1,619) (n=1,992) (n=2,148) (n=1,705) (n=1,848) (n=1,674) (n=1,539) (n=17,230)
Non-Hispanic White FPIR
<1.00 54(7.77)  83(8.13) 94(8.16) 80(5.88) 177(10.91) 175(9.46) 145(9.92) 168(10.88) 86(7.79) 86(7.90) 1,148(8.72)
1.01-3.99 308 (47.62) 503 (47.75) 511(49.43) 476 (51.58) 516 (44.23) 597 (50.82) 442 (50.26) 513 (48.31) 389 (48.06) 401 (48.51) 4,656 (48.68)
>4.00 259 (44.61) 412 (44.11) 333 (42.40) 315(42.54) 347 (44.86) 366 (39.72) 229 (39.82) 306 (40.81) 222 (44.15) 194 (43.59) 2,983 (42.60)
Hispanic FPIR
<1.00 123 (27.42) 125(33.20) 102(25.39) 102 (22.44) 131(22.67) 205 (33.17) 153 (35.27) 162(35.28) 214(35.37) 104(20.63) 1,421 (29.39)
1.01-3.99 260 (59.72) 272 (55.78) 235(62.98) 204 (58.59) 348 (63.22) 342 (52.64) 442 (49.88) 239 (50.99) 291 (49.53) 263 (58.40) 2,664 (55.63)
>4.00 55(12.86) 68(11.02) 41(11.63) 59(18.97) 89(14.11) 94(14.19) 66(14.85) 64(13.73) 87(15.10) 76(18.47) 699 (14.98)
Non-Hispanic Black FPIR
<1.00 50 (21.14) 72(2348) 72(24.82) 72(18.63) 70(17.79) 80(22.16) 117(27.19) 109(29.83) 97(24.53) 108(25.19) 847 (23.70)
1.01-3.99 131(54.73) 161 (52.36) 177 (52.05) 236 (63.07) 234 (61.87) 216 (58.67) 237 (50.52) 210 (51.28) 223(58.34) 233(56.34) 2,058 (55.90)
>4.00 59 (24.12) 73(24.16) 72(23.13) 75(18.30) 80(20.34) 73(19.17) 106(22.29) 77(18.89) 65(17.13) 74(18.47) 754(20.40)
Pvalue <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Values are presented as number (%).
FPIR, family poverty income ratio, NHANES, National Health and Nutrition Examination Surveys.

Diabetes Metab ] 2025;49:475-484  https://e-dmj.org



Trends in metabolically unhealthy obesity

Included in the NHANES 1999-2018
age =20, without positive pregnant
test, without missing value in MUO

(n=40,024)

Y

Participants were excluded for missing value in:

Race/ethnicity (n=3,563);

Education level (n=57);

Marital status (n=373);

Family poverty income ratio (1=3,906);

Participants were not used because of with
nonpositive weights (n=15,402)

Eligible in the final study sample
(n=17,230)

Supplementary Fig. 1. Flowchart of National Health and Nutrition Examination Surveys (NHANES) study population included

in the study. MUO, metabolically unhealthy obesity.
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