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Purpose: The objectives were to use National Health and Nutrition Examination Survey data to (1) estimate
the prevalence of metabolic syndrome (MetS) risk factors (elevated blood pressure, triglycerides, blood
glucose, and low HDL cholesterol); (2) estimate the prevalence of MetS using three common definitions;
and (3) compare the odds of MetS risk factors/MetS when using different measures of abdominal obesity
(sagittal abdominal diameter [SAD] versus waist circumference [WC]) among U.S. adolescents.

f:a’jworfjs: L obesi Methods: Analyses were performed on data collected from adolescents aged 12—19 years (n = 1214)
A do?er;lcl:r?t obesity participating in the 2011—2016 National Health and Nutrition Examination Survey. Prevalence of MetS

risk factors and MetS were estimated. Unadjusted and adjusted binomial/multinomial logistic re-
gressions were performed to test associations between WC and SAD z-scores and MetS risk factors/MetS.
Analyses were performed for all participants and were stratified by sex as well as race/ethnicity.
Results: Males were more likely to have MetS risk factors. Depending on sex and the definition applied,
the prevalence of MetS ranged from 2% to 11% and was lowest among females. Adjusted logistic re-
gressions showed that one z-score increase in SAD and WC resulted in similar increased odds of MetS
risk factors/MetS, but associations between abdominal obesity and MetS varied by the definition applied
and race/ethnicity.
Conclusions: Metabolic dysfunction and MetS are prevalent among U.S. adolescents, and it is important
to consider how MetS components and MetS are measured in population inference.

© 2018 Elsevier Inc. All rights reserved.
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Introduction [4—10]. MetS is a cluster of risk factors including abdominal

obesity, hypertension, dyslipidemia, and elevated glucose [7,11].

The prevalence of adolescent (ages 12—19 years) obesity
(body mass index [BMI] > 95th percentile for age and sex) almost
doubled from approximately 11% in 1988—1989 to 21% in
2013—-2014 and has remained stable in recent years (2007—2008
to 2015—2016) [1,2]. Obesity is hypothesized to be one of the
predominant underlying causes of metabolic syndrome (MetS)
[3]. Concomitant with the dramatic rise in obesity, children and
adolescents are manifesting metabolic dysfunction at younger
ages, making MetS a condition of concern for all life stages
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MetS often accompanies insulin resistance and is a strong pre-
dictor of both type 2 diabetes mellitus (T2DM) and cardiovas-
cular disease (CVD) [3,7,11,12]. Adolescents exhibiting MetS risk
factors and MetS at younger ages could have decreased quality of
life and premature development of T2DM and CVD as they
transition to young and middle adulthood [13]. Therefore, it is of
extreme importance to promote early interventions before
chronic disease development. Recent studies suggest that there
are several risk factors for MetS incidence including low socio-
economic status, parental history of CVD, health behaviors like
short sleep duration and poor nutrition, and childhood obesity
[10,14—16]. Obesity is a discernible MetS risk factor that could
assist with identification of adolescents who may require further
assessment for other MetS risk factors and MetS.
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Abdominal obesity or visceral fat storage is a strong yet modifi-
able risk factor for poor cardiometabolic health and an underlying
cause of MetS [17]. Waist circumference (WC), although not the gold
standard of assessing visceral fat, is conventionally used as the pre-
dominant measure of abdominal obesity across different definitions
of MetS. However, with use of WC, there is an inability to distinguish
between abdominal subcutaneous and visceral fats [18], with
visceral fat being the detrimental fat surrounding the organs. Some
research suggests that the less commonly collected sagittal abdom-
inal diameter (SAD), the height of the abdomen when lying supine,
overcomes the limitations of WC and may be a better predictor of
T2DM and CVD by measuring visceral fat [19—21]. For example, in a
nationally representative, longitudinal study of Finnish adults, re-
searchers found that SAD was a stronger predictor of incident dia-
betes than WC and suggested that SAD/BMI measurements could be
an improved predictor of T2DM incidence [20]. SAD could also be a
stronger predictor for MetS; however, predictive ability may be hard
to distinguish because MetS is measured in various ways resulting in
different estimated prevalence of MetS [4,5,22].

To our knowledge, there is one cross-sectional study by Weber
et al. that explored this association among adolescents [23]. They
found that SAD was highly correlated with cardiometabolic risk
factors, but SAD was not more strongly associated with MetS than
other measures of abdominal obesity. However, this study was
limited by a small sample size, nongeneralizability to the U.S. pop-
ulation, and use of only one definition of MetS despite the common
use of different MetS definitions in the pediatric population.

The objectives of this cross-sectional analysis of National Health
and Nutrition Examination Survey (NHANES) data were to (1) es-
timate the prevalence of individual risk factors for MetS; (2) esti-
mate and compare the prevalence of MetS applying three
commonly used definitions (Cook et al. [4], International Diabetes
Federation [IDF] [22], and de Ferranti et al. [5]); and (3) assess
whether the risk of MetS risk factors and MetS vary by measure of
abdominal obesity (SAD vs. WC).

Methods
NHANES data

NHANES data for the years 2011—-2016 were used for this
analysis because measurement for SAD began in the 2011—-2012
cycle. NHANES is an annually administered, cross-sectional survey
that uses a complex, multistage probability sampling design and
calculates complex weighting schemes to ensure representative-
ness of the resident, noninstitutionalized U.S. population [24]. A
brief description of the NHANES survey protocol is described below
and has previously been published [24]. NHANES protocol involved
selection of individuals for home interviews and physical exami-
nations in mobile examination centers. Individuals who partici-
pated in morning exams fasted before examination and biologic
specimen collection [25]. Our analyses use data from individuals
who fasted at least 8 hours before examination and had viable
blood samples. The National Center for Health Statistics Research
Ethics Review Board reviewed and approved NHANES protocols.

Study population

A total of 1848 adolescents participated in the morning fasting
examination. NHANES weighting procedures include assigning an
individual a weight of zero if necessary to maintain representative-
ness of the noninstitutionalized U.S. population [24]. Therefore,
participants with a fasting examination weight value of zero were
excluded because their data would not contribute to final models
(n =324). Among 1524 participants with nonzero weights, exclusion

criteria included fasting less than 8 hours before examination
(n = 0); previously diagnosed diabetes or current use of glucose
regulating medication (n = 8) and missing values for exclusion
criteria (n = 4), the MetS components (n = 120), or covariates
included in final models (n = 221). Exclusion criteria were not
mutually exclusive; therefore, some adolescents met more than one
of the exclusion criteria. After exclusions, our analytic sample con-
sisted of 1214 adolescents aged 12—19 years (615 males and 599
females). Except for higher prevalence of fasting blood glucose (FBG)
>126 mg per dL among excluded participants compared to included
participants (2.3% vs. 0.077%), included and excluded participants
had similar characteristics (Supplemental Table 1).

Individual risk factors for MetS

Examination data

NHANES procedures to collect anthropometry and blood pressure
(BP) are described elsewhere [26,27]. Anthropometry measures rele-
vant to this analysis included WC (centimeters), SAD (centimeters), and
weight (kilograms) and height (meters) that were used for the calcu-
lation of BMI. BMI categories were created based on age- and sex-
specific percentiles provided by Centers for Disease Control and Pre-
vention 2000 growth charts and included underweight/normal (BMI
<85th percentile), overweight (85th < BMI <95th percentile), and
obesity (BMI >95th percentile) [28]. Between one and three BP mea-
surements were taken [27]. We averaged BP measurements and clas-
sified adolescents’ BP as normal (aged 12 years: <113/75 mm Hg
[males], <114/75 mm Hg [females]; aged 13—19 years < 120/80 mm Hg
[all]) or elevated (aged 12 years: >113/75 mm Hg [males], >114/75 mm
Hg [females]; aged 13—19 years > 120/80 mm Hg [all]) based on recent
guidelines for BP screening among children and adolescents [29].

Laboratory data

NHANES laboratories measured fasting triglycerides, high-density
lipoprotein (HDL) cholesterol, and FBG through assays of blood
plasma [30]. Based on National Heart, Lung, and Blood Institute rec-
ommendations, we classified adolescents as having normal (<90 mg
per dL), borderline (90—129 mg per dL), or high (>130 mg per dL)
triglycerides, and normal (>45 mg per dL), borderline (40—45 mg per
dL), or low (<40 mg per dL) HDL cholesterol [31]. We classified FBG as
normal (0—99 mg per dL), prediabetes (100—125 mg per dL), or dia-
betes (>126 mg per dL) based on American Diabetes Association and
American Academy of Pediatrics guidelines [32,33].

Common definitions of metabolic syndrome

We used three common definitions to define MetS—Cook et al.
[4], de Ferranti et al. [5], and the IDF [22]. Cook et al. and de Ferranti
et al. definitions are modified versions of the National Cholesterol
Education Program Adult Treatment Panel III definition for adoles-
cents [4,5,34]. The IDF definition is a simplified, unified global defi-
nition for MetS in children and adolescents [3,22]. The categorical
thresholds for the individual risk factors (i.e., abdominal obesity,
elevated BP, high triglycerides, low HDL, and high FBG) are listed in
Supplemental Table 2. Each definition requires an individual to have
at least three individual risk factors to meet the criteria for MetS. For
the IDF definition, one of the three risk factors must be abdominal
obesity (defined as WC > 90th age- and sex-specific percentiles for
adolescents aged 12—15 years and WC > 102 cm [males] or 88 cm
[females] for adolescents aged 16—19 years).

Covariates

A priori covariates were chosen based on prior literature sug-
gesting independent associations between each covariate and MetS
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[10,14—16]. All covariates were self-reported or reported by a parent/
caregiver. Covariates included race/ethnicity (Hispanic/Latino, non-
Hispanic (NH) white, NH black, other), family income-to-poverty
ratio which is used to determine family's eligibility for federal pro-
grams like the Supplemental Nutrition Assistance Program [35], age
(years), average time spent in sedentary activity per day (hours),
total caloric intake (kilocalories (kcal)), and physical activity (meets
physical activity guidelines [>60 minutes/day for adolescents aged
12—17 years and >150 minutes/week for adolescents aged
18—19 years] vs. does not meet [<60 minutes/day (12—17 years) and
<150 minutes/week (18—19 years)]) [36]. Sedentary activity was
calculated based on participant responses to average time spent
sitting but not spent sleeping during a typical day. To calculate total
caloric intake, we averaged the total caloric consumption from two
24-hour dietary recall interviews. Physical activity was calculated
based on reports of time spent engaging in walking, bicycling, and
recreational moderate or vigorous activity during a typical week.

Statistical analysis

To account for the complex sampling design of NHANES, estimates
and standard errors (SEs) for all analyses were calculated by using
appropriate fasting subsample weights. All analyses were completed
for the total population and were stratified by sex. Frequencies, per-
centages, and means of demographic characteristics, SAD and WC,
and covariates were calculated. We estimated the prevalence of each
individual risk factor for MetS and of MetS using the categorizations
and criteria identified previously and performed Rao-Scott x? tests for
sex differences. We calculated sex- and age (years)-specific z-scores of
continuous WC and SAD to measure these parameters on the same
scale. By using z-score standardization, a one-unit change in the z-
score equally corresponds to the number of standard deviations (SDs)
an individual's abdominal obesity measurement was from the mean
for each parameter. To test the associations between WC and SAD z-
scores and risk factors for MetS/MetS, we performed unadjusted
binomial or multinomial logistic regressions models and subse-
quently adjusted for a priori covariates. We also sought to determine
whether associations between abdominal obesity measures and risk
factors for MetS/MetS varied by race/ethnicity. Therefore, we added
abdominal obesity*race/ethnicity interaction terms to adjusted
models and stratified the models by race/ethnicity if interaction
terms were statistically significant. We limited the investigation of
interaction by race/ethnicity to Hispanic/Latino, NH white, and NH
black participants due to within-group racial/ethnic heterogeneity
among participants of other races/ethnicities. We did not adjust for
multiple comparisons due to the exploratory nature of this analysis.
All analyses were conducted with SAS, Version 9.4 (SAS Institute, Cary,
NC) using survey procedures (i.e., PROC SURVEYMEANS, PROC SUR-
VEYFREQ, PROC SURVEYLOGISTIC). A two-sided P-value less than .05
was used for statistical significance.

Sensitivity analysis

Weight, stature, and metabolic risk factors are associated with
puberty [37,38]; however, pubertal maturation data were not
available for all participants. As a sensitivity analysis, we adjusted
for self-reported age of menarche among girls in additional
regression models.
Results

Study population characteristics

Approximately half of the sample were male and were between
the ages of 12 and 15 years (Table 1). About 37% of adolescents were

overweight or obese with average WC of 83 cm (SE 0.62) and SAD of
18 cm (SE 0.15). Overweight/obesity, WC, and SAD did not vary by
sex (P=.64, P=.32, P=.16, respectively). Females were less likely to
meet physical activity guidelines than males (52% vs. 66%, respec-
tively; P < .01). Males consumed a greater number of calories per
day compared to females (2.2 kcal vs. 1.7 kcal, respectively; P < .01).

Prevalence of individual risk factors for MetS and MetS

There were sex differences in the prevalence of MetS risk factors
and MetS (Table 2). Males were more likely to have elevated BP, high
triglycerides, FBG in the prediabetes/diabetes range, and low HDL
cholesterol compared to females. Overall, borderline/low HDL
cholesterol was the most prevalent MetS risk factor affecting
approximately 36% of males and 25% of females. Although FBG sug-
gestive of diabetes was rare, 31% of males and 13% of females had FBG
in the prediabetes range. The prevalence of MetS varied by sex and
MetS definition. Among all participants, the MetS prevalence ranged
from 2% (Cook et al. among females) to 11% (de Ferranti et al. among
males), and prevalence was lowest among females (range: 2%—9%).

Comparison of associations between measures of abdominal obesity
and MetS risk factors/MetS

Unadjusted binomial and multinomial logistic regressions
showed similar increases in the odds of MetS risk factors and MetS
per one-SD increase in SAD and WC (Table 3). For BP and FBG, we
created dichotomized categorizes due to low prevalence in the
highest risk categories and tested associations between abdominal
obesity and these outcomes with binomial logistic regression.
Neither SAD nor WC was associated with high FBG among females
before adjustment (odds ratios: 1.35, 95% confidence interval [CI]:
[0.96,1.88] and 1.29 [0.94, 1.77], respectively). Increases in SAD and
WC z-scores were associated with similarly higher odds of MetS
than the higher odds associated with individual risk factors alone.

After adjustment for confounders, results were comparable to
results of the unadjusted models: each z-score increase in SAD and
WoC resulted in similar increased odds of MetS risk factors (Table 4).
Associations for males and females were similar in magnitude.
However, models for the Cook et al. definition of MetS were ines-
timable for females after adjustment. After adjustment for de-
mographic characteristics, physical activity, sedentary behavior,
and total caloric intake and compared to unadjusted results, the
odds of borderline/high FBG associated with abdominal obesity
remained approximately the same for males (adjusted odds ratio:
SAD - 1.53 [1.23, 1.90] and WC - 1.65 [1.24, 1.97]) and remained
unassociated with either SAD or WC for females Table 4.

Among all participants, higher z-scores of both measures of
abdominal obesity were associated with similar higher odds of
MetS across definitions. Although each measure of abdominal
obesity was similarly associated with higher odds of MetS, a one SD
increase in abdominal obesity was associated with approximately
eight-fold higher odds of Cook et al.'s MetS and over ten-fold higher
odds of IDF MetS compared to approximately five-fold higher odds
of de Ferranti et al.'s MetS.

Associations between each abdominal obesity measure and IDF
MetS varied by race/ethnicity among all participants (Supplemental
Table 3). Positive associations between higher z-scores of abdom-
inal obesity and IDF MetS were stronger among non-Hispanic white
participants (SAD OR = 12.6 [5.89, 27.1], WC OR = 13.7 [5.22, 35.9]
compared to their Hispanic/Latino (SAD OR = 4.84 [3.73, 6.29], WC
OR = 4.46 [3.25, 6.13] and black counterparts (SAD OR = 5.31 [3.00,
9.38], WC OR = 4.56 [2.78, 7.4]) (Table 5). Results of the sensitivity
analysis showed that associations among girls did not change with
adjustment for age of first menses (Supplemental Table 4).
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Table 1
Weighted population characteristics of U.S. adolescents aged 12—19 years (NHANES 2011-2016), N = 1214
Population characteristics All (N = 1214) Males (n = 615) Females (n = 599) P
N % or mean (SE) n % or mean (SE) n % or mean (SE)

Age (years) .15
12—-15 619 50.3 (1.90) 304 47.7 (2.86) 315 53.2 (2.51)

16—-19 595 49.7 (1.90) 311 52.3(2.869) 284 46.8 (2.51)

Race/ethnicity 91
Hispanic (of any race) 382 21.6 (2.28) 189 21.8 (2.45) 193 21.5(2.57)

Non-Hispanic white 329 55.9 (3.04) 169 56.4 (3.37) 160 54.2 (4.42)
Non-Hispanic black 316 14.3 (1.71) 174 13.9 (1.94) 142 14.2 (1.96)
Other (including multiracial) 187 8.46 (1.13) 83 7.92 (1.29) 74 9.05 (1.58)

Annual family income 72
$0 to $24,999 385 23.3(2.29) 201 23.6 (2.86) 184 22.9 (2.55)
$25,000-$44,999 309 20.3 (1.47) 155 19.3 (2.28) 154 21.4 (2.46)
$45,000-$74,999 203 20.3 (1.96) 90 18.9 (2.31) 113 21.8 (2.78)
$75,000-$99,999 123 14.1 (1.82) 65 13.9 (2.38) 58 14.2 (2.704)
$100,000 and Over 194 222 (2.43) 104 24.3 (3.01) 90 19.8 (3.02)

Body mass index (BMI), kg/m?* 64
Under/normal weight (BMI <85th percentile) 744 62.5 (1.95) 379 63.7 (2.64) 365 61.1 (2.62)

Overweight (85th < BMI <95th percentile) 196 15.8 (1.45) 92 14.7 (1.93) 104 17.1 (1.91)
Obese (BMI >95th percentile) 273 21.7 (1.60) 144 21.6 (2.28) 129 21.8 (2.11)

Meets physical activity guidelinest <.01

Yes 691 59.2 (1.51) 399 65.8 (1.95) 292 52.0 (2.43)
No 523 40.8 (1.51) 216 34.2 (1.95) 307 48.0 (2.43)
Experienced menarche (among females, yes) 571 94.6 (1.19)
Age (years), mean (SE) 570 12.1 (0.0728)
Mean (SE) Mean (SE) Mean (SE)

Family income-to-poverty ratio 2.41 (0.100) 2.44 (0.129) 2.37 (0.118) .60

Waist circumference, cm 82.6 (0.617) 83.1 0915 82.0 (0.689) 32

Sagittal abdominal diameter, cm 18.3(0.148) 18.50.213 18.2 (0.154) .16

Total caloric intake, kcal/day 1.96 (0.0369) 2.20 0.0543 1.69 (0.0307) <.01

Average time sedentary per day, hours 8.11 (0.134) 7.91 0.163 8.33(0.182) .064

P-value corresponds to Rao-Scott x? test or t test for differences between males and females.

" Percentiles are age- and sex-specific. Less than 1% missing for BMI and age of menarche.

I Meets physical activity guidelines—For adolescents aged 12—17 years, meeting guidelines corresponds to 60 minutes of moderate or vigorous physical activity per day. For
adolescents aged 18—19 years, meeting guidelines corresponds to at least 150 minutes of moderate or 75 minutes of vigorous physical activity per week.

Discussion varied by measure of abdominal obesity (SAD vs. WC) among ad-
olescents. We found that MetS risk factors, including elevated FBG

Using NHANES data, we estimated the prevalence of MetS risk were prevalent, especially among adolescent males, and that the
factors, compared three commonly used MetS definitions, and estimated MetS prevalence had a wide range that depended on sex
assessed whether the odds of MetS and MetS individual risk factors and the definition applied. Use of the Cook et al.'s and the IDF

Table 2
Weighted prevalence of risk factors for metabolic syndrome among U.S. adolescents aged 12—19 years (NHANES 2011-2016), N = 1214
Risk factors for metabolic syndrome and definitions of metabolic syndrome All,n=1214 Males, n = 615 Females, n = 599 P
% (SE) % (SE) % (SE)

Blood pressure <.01
Normal 84.9 (1.61) 78.2 (3.21) 92.3(1.21)
Elevated 15.1 (1.61) 21.8(3.21) 7.75 (1.21)

Triglycerides .03
Normal (<90 mg per dL) 73.9 (1.86) 70.8 (2.84) 77.3 (2.04)
Borderline (90—129 mg per dL) 16.0 (1.58) 16.6 (2.44) 15.4 (1.50)
High (>130 mg per dL) 10.1 (1.18) 12.7 (2.00) 7.22 (1.22)

High-density lipoprotein cholesterol <.01
Normal (>45 mg per dL) 69.4 (1.44) 64.0 (1.90) 75.3 (2.38)
Borderline (40—45 mg per dL) 17.0 (1.19) 17.5(1.80) 16.4 (1.96)
Low (<40 mg per dL) 13.6 (1.35) 18.5(2.01) 8.23 (1.37)

Fasting blood glucose <.01
Normal (0—99 mg per dL) 77.0 (1.99) 68.4 (2.79) 86.5 (1.80)
Prediabetes (100—125 mg per dL) 22.9(1.99) 31.4(2.82) 134 (1.74)
Diabetes (>126 mg per dL) 0.163 (0.0921) 0.217 (0.153) 0.103 (0.102)

Metabolic syndrome
Cook et al. [4] 3.70 (0.668) 5.09 (1.13) 2.17 (0.762) .04
de Ferranti et al. [5] 10.1 (1.24) 114 (1.73) 8.63 (1.53) .19
International Diabetes Federation [22] 4.24 (0.892) 6.04 (1.59) 2.28 (0.611) <.01

P-value corresponds to the Rao Scott x? test for differences between males and females.
“ Blood pressure defined as normal (<113/75 mm Hg [males aged 12 years], <114/75 mm Hg [females aged 12 years], and <120/80 mm Hg [all aged >13 years]), and
elevated (>113/75 mm Hg [males aged 12 years], >114/75 mm Hg [females aged 12 years], and >120/80 mm Hg [all aged >13 years].



Table 3

34

1214

Unadjusted odds ratios of metabolic syndrome risk factors and MetS among included adolescents, NHANES (2011-2016), N

Measures of abdominal obesity OR (95% CI)

MetS"

N

Fasting blood glucose

High-density lipoprotein
Cholesterol' (reference:
>45 mg per dL)

Triglycerides

Blood pressure ™'

(reference: 0—99 mg

per dL)

(reference: <90 mg

per dL)

IDF [22]

Cook et al. [4] de Ferranti et al. [5]

Borderline/high
(>100 mg/dL)

Low (<40 mg
per dL)

High (>130 mg Borderline (40

per dL)

Borderline

Elevated

—45

(90—129 mg per dL)

mg per dL)

All

5.61 (4.16,7.80)
5.53 (4.08,7.51)

4.02 (3.23,5.01)
4.16 (3.25,5.32)

6.77 (4.72,9.73)
6.41 (4.30,9.55)

1.46 (1.22,1.75)
1.46 (1.22,1.77)

2.74 (2.11,3.55)

2.82 (2.16,3.69)

2.45 (1.95,3.07) 1.98 (1.60,2.47)

1.70 (1.32,2.17)
1.73 (1.35,2.21)

1.70 (1.44,2.01)
1.64 (1.40,1.92)

SAD z-score
WC z-score

Males, n

2.47 (2.01,3.03) 2.09 (1.67,2.63)

=615

7.26 (4.19,12.58) 4.26 (3.28,5.52) 6.79 (3.96,11.66)

1.53 (1.24,1.88)
1.57 (1.26,1.97)

3.1(2.26,4.34)
3.13 (2.23,4.39)

258 (1.95,3.41) 1.96 (1.52,2.53)
2.67 (2.01,3.53) 1.99 (1.50,2.64)

1.91 (1.34, 2.71)
1.93 (1.37,2.74)

1.66 (1.34,2.04)
1.65 (1.36, 1.99)

SAD z-score
WC z-score

Females, n

7.96 (4.65,13.64)

7.03 (4.18,11.81) 4.52 (3.50,5.85)

=599

4.20 (2.75,6.41)
3.40 (2.20,5.25)

5.99 (3.88,9.27) 3.72 (2.68,5.15)

5.50 (3.17,9.56)

1.35 (0.96,1.88)

2.76 2.31 (1.49,3.578) 1.29 (0.94,1.77)

2.12 (1.36,3.30)

2.32(1.61,3.34) 2.03 (1.53,2.70)
224 (1.64,3.07) 2.21 (1.68,2.91)

1.48 (1.09,2.01)
1.54 (1.10,2.14)

1.80 (1.34, 2.42)
1.62 (1.22,2.15)

SAD z-score
WC z-score

3.72 (2.60,5.32)

S.A. Gaston et al. / Annals of Epidemiology 30 (2019) 30—36

The reference category for each regression is normal or no (MetS).

Bolded values indicate statistical significance at P < .05.

*

 Blood pressure defined as elevated (>113/75 mm Hg [males aged 12 years], >114/75 mm Hg [females aged 12 years], >120/80 mm Hg [all aged >13 years] vs. normal (reference, <113/75 mm Hg [males aged 12 years], <114/

75 mm Hg [females aged 12 years], and <120/80 mm Hg [all aged >13 years]).

ORs estimated from binomial logistic regression.

¥ ORs estimated from multinomial logistic regression.

definitions resulted in similar, lower estimated prevalence of MetS
than the de Ferranti et al.'s definition. The de Ferranti et al.'s esti-
mated prevalence of MetS was two and a half to three times that of
the other two definitions. We also found that increases in SAD and
WC were associated with approximately equal increased odds of
MetS risk factors and MetS. However, associations between
abdominal obesity and MetS may be stronger for the Cook et al. and
IDF definitions compared to the de Ferranti et al.'s definition.
Furthermore, associations between abdominal obesity and IDF-
defined MetS were stronger among white compared to Hispanic/
Latino and black participants.

Our results, in agreement with previous studies, suggest that
many adolescents, in addition to being overweight or obese, are
showing other signs of metabolic dysfunction including elevated
blood glucose [3—5]. Furthermore, in prior NHANES survey years,
researchers have estimated that the prevalence of MetS in U.S.
adolescents aged 12—19 years ranged between 4.2% and 9.2%
depending on which MetS definition was used [4,5,39,40]. Our re-
sults similarly suggest that MetS prevalence ranges between 3.3%
and 8.8% among U.S. adolescents for the years 2011—2016.

Although previous longitudinal studies of adults suggest that
SAD may be a better predictor of T2DM and CVD than WC [20], our
cross-sectional results do not support SAD as a better indicator of
possible metabolic dysfunction and MetS among adolescents. There
were strong associations between these measures of abdominal
obesity and MetS risk factors, further supporting abdominal obesity
as a strong risk factor for metabolic dysfunction. Therefore, it is
probable that use of either SAD or WC in a clinical setting will
equally identify adolescents who may need further laboratory
testing for other MetS risk factors. However, more research is
needed to examine the predictive power of SAD while longitudi-
nally following children and adolescents into adulthood.

Our results showed that U.S. adolescent males and females had
similar prevalence of overweight and obesity but differ in behaviors
as well as in associations between abdominal obesity and metabolic
dysfunction. Females were less likely to meet physical activity
guidelines, and males were more likely to consume a greater
number of calories. Sex-specific targeted interventions toward
these health behaviors may be necessary. Despite the association
between abdominal obesity and elevated glucose among males,
higher abdominal obesity was not associated with elevated glucose
in females. In addition, there were racial/ethnic differences in as-
sociations between abdominal obesity and IDF-defined MetS.
Research has posited that insulin resistance may vary by sex and
race/ethnicity at birth, in childhood, and in adolescence [41—43].
These studies suggest that there may be genetic and pathophysi-
ologic differences affecting the progression to MetS and T2DM
among adolescent subpopulations. Beyond abdominal obesity, in-
sulin resistance throughout the life course should be further
explored. Sex and racial/ethnic differences in lifestyle factors
related to obesity and insulin resistance should also be explored in
these studies. It is also possible that some environmental con-
taminants, to which females may be more highly exposed, may be
associated with insulin resistance [44]. Future studies are necessary
to explore environmental factors, health behaviors, and biologic
mechanisms that may contribute to our observations.

There were limitations that require careful interpretation of these
results. The cross-sectional study design restricts our ability to make
causal interpretations of the data. Longitudinal studies are necessary
to strengthen the current results. Although we estimated the prev-
alence of several signs of metabolic dysfunction, these are not
indicative of actual diagnoses. For males, we were unable to adjust
for pubertal status in models estimating associations with abdominal
obesity. In our sensitivity analysis, pubertal status did not signifi-
cantly affect associations between abdominal obesity and MetS risk



6.82 (4.94,9.42)
6.32 (4.58,8.72)
10.17 (5.42,91.09)
11.94 (6.26,22.78)
4.79 (3.07,7.47)
3.93 (2.67,5.80)

IDF [22]

de Ferranti et al. [5]
4.32 (3.32,5.62)
4.36 (2.74,6.92)
4.24 (3.10,5.79)

7.13 (4.19,10.36) 4.32 (3.35,5.56)
7.79 (4.72,12.83) 4.53 (3.72,6.27)
7.74 (4.74,12.64) 4.74 (3.35,6.70)

Cook et al. [4]
6.61 (4.41,9.91)

MetS'
NE
NE

(reference: 0—99 mg per dL)

Fasting blood glucose'
Borderline/high
(>100 mg/dL)

1.37 (0.98,1.90)

1.29 (0.95,1.77)

1214

327 (2.27,4.73) 1.65 (1.24,1.97)

2.91(2.23,3.80) 1.46 (1.21,1.77)
2,92 (2.21,3.86) 1.45 (1.20,1.77)
3.38(2.354.87) 1.53 (1.23,1.90)

Low (<40 mg
2.29 (1.46,3.61)
2.38 (1.55,3.67)

per dL)

(reference: >45 mg per dL)

cholesterol’
mg per dL)

—45

2.83(2.05,3.90) 2.00 (1.58,2.54)

High (>130 mg Borderline (40
1.99 (1.38,2.86) 2.89 (2.06,4.05) 2.03 (1.53,2.70)

Triglycerides® (reference: <90 mg High-density lipoprotein
per dL)

1.75 (1.37,2.22) 2.63 (2.10,3.31) 2.04 (1.65,2.54)
1.75 (1.38,2.21) 2.58 (2.09,3.18) 2.13 (1.69,2.68)
1.47 (1.09,2.00) 2.49 (1.74,355) 2.19 (1.67,2.88)
1.50 (1.10,2.05) 2.32(1.73,3.11) 2.32 (1.79,3.00)

(90—129 mg
per dL)
2.01 (1.4,2.88)

per dL)
Borderline

Blood Pressure!
1.66 (1.42,1.95)
1.63 (1.40,1.90)
1.64 (1.33,2.02)
1.64 (1.35,2.00)
1.71 (1.27,2.30)
1.56 (1.19,2.05)

Elevated

WC z-score
SAD z-score
WC z-score
Females n = 599
SAD z-score
WC z-score

Males n = 615

Measures of abdominal obesity OR (95% CI)
SAD z-score

Adjusted odds ratios of metabolic syndrome risk factors and MetS among included adolescents, NHANES (2011-2016), N
All*
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Table 5
Adjusted odds ratios of metabolic syndrome among included adolescents, stratified
by race/ethnicity, NHANES (2011-2016), N = 1027
Measures of abdominal obesity MetS' (reference: No)
IDF [22]
OR (95% CI)
All*
SAD z-score
Hispanic 4.84 (3.73,6.29)
NH white 12.6 (5.89,27.1)
NH black 5.31 (3.00,9.38)
WC z-score
Hispanic 4.46 (3.25,6.13)
NH white 13.7 (5.22,35.9)
NH black 4.56 (2.78,7.48)
Males n = 532
SAD z-score
Hispanic 5.39 (3.27,8.87)
NH white 21.4 (7.40,61.8)
NH black 19.2 (4.07—-90.2)
WC z-score
Hispanic 6.96 (3.91,124)
NH white 29.5 (3.59,242)
NH black 13.0 (3.91,43.3)
Females n = 495
SAD z-score
Hispanic 5.21 (2.58,10.5)
NH white 103 (1.44,73.4)
NH black 4.52 (1.54,13.3)
WC z-score
Hispanic 3.73 (2.21,6.30)
NH white 7.77 (1.62,374)
NH black 3.95 (1.73,9.01)

Bolded values indicate statistical significance at P < .05.
Adjusting for physical activity (meets physical activity guidelines for adolescents vs.
does not meet), sedentary behavior (average time [hours] per day), total caloric
intake (kcals/day), race (Hispanic, non-Hispanic white, non-Hispanic black, other),
age (years), and family income-to-poverty ratio.

" Adjusted for gender in addition to previously listed covariates.

 Adjusted ORs estimated from binomial logistic regression.

factors/MetS among females. If the association is similar among
males, it is not likely that lack of adjustment for pubertal status
among males would greatly affect the current results. There is also
the possibility for residual confounding in final models assessing
associations between WC, SAD, and MetS/MetS risk factors.

Despite these limitations, there were several strengths. Due to
the large sample size, there was sufficient power to detect as-
sociations between abdominal obesity and MetS risk factors/
MetS. We also used exclusion criteria to make inferences about
adolescents currently without diagnosed diabetes. In addition,
NHANES is a robust data source that allows generalizability to
U.S. adolescents. NHANES also follows a stringent protocol and
completes quality assurance for the laboratory assays, anthropo-
metrics, and physical examination data, thus reducing the likeli-
hood of measurement bias. Despite the limitations and given the
strengths of this study, we interpret these results with caution,
suggest public health implications, and offer future directions for
research.

Conclusions

It is evident that U.S. adolescents are experiencing metabolic
dysfunction, and the percentage with metabolic syndrome varies
by sex and the definition applied. It is important to consider which
definition of MetS is being used when making population in-
ferences and planning public health interventions. Regardless of
which MetS definition is used, abdominal obesity, whether
measured by SAD or WC in adolescents, remains almost equally

/75 mm Hg [females aged 12 years], and <120/80 mm Hg [all aged >13 years]).

Adjusted for gender in addition to previously listed covariates.
% Adjusted ORs estimated from multinomial logistic regression.

 Adjusted ORs estimated from binomial logistic regression.
i Blood pressure defined as elevated (>113/75 mm Hg [males aged 12 years], >114/75 mm Hg [females aged 12 years], and >120/80 mm Hg [all aged >13 years] vs. normal (reference, <113/75 mm Hg [males aged 12 years],

*

Models are adjusted for physical activity (meets physical activity guidelines for adolescents vs. does not meet), sedentary behavior (average time [hours] per day), total caloric intake (kcals/day), race (Hispanic, non-Hispanic

white, non-Hispanic black, other), age (years), and family income-to-poverty ratio.

The reference category for each regression is normal or no (MetS).

Bolded values indicate statistical significance at P < .05.

<114
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associated with MetS risk factors, except for elevated blood glucose
in females. Other factors, such as increased insulin resistance, may
be driving elevated blood glucose in females. Identifying and
considering noninvasive measures beyond SAD or WC may be
necessary to identify adolescents at risk of metabolic dysfunction
and MetS.
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