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Abstract

Purpose: To examine race/ethnicity-specific associations between area-level poverty and
cardiometabolic dysfunction among U.S. adolescents.

Methods: Data were from 10,415 adolescents aged 12—19 in the National Health and Nutrition
Examination Survey (1999—2012), linked with census tract data on area-level poverty (the
percent population living in poverty, grouped into race/ethnicity-specific quartiles).
Cardiometabolic dysfunction was parameterized by summing z-scores of six cardiometabolic
biomarkers, grouped into quintiles. Hierarchical ordinal models estimated overall and race/
ethnicity specific associations. Posthoc analysis explored associations between area-level poverty
and family poverty-to-income ratio.

Results: Overall, compared to adolescents residing in areas with the lowest area-level poverty
(i.e., first quartile), residents in third (OR 1.32, 95% CI 1.13, 1.53) and fourth (OR 1.27, 95% ClI
1.08, 1.50) quartiles of area-level poverty experienced elevated odds of cardiometabolic
dysfunction. Area-level poverty predicted cardiometabolic dysfunction between non-Hispanic
white and Mexican American adolescents, but not between non-Hispanic black adolescents.

Conclusions: We found race/ethnicity-specific associations between area-level poverty and
cardiometabolic dysfunction among U.S. adolescents, highlighting the moderating effect of race-
ethnicity. Among non-Hispanic black adolescents, neither higher area-level nor family-level
socioeconomic status is associated with cardiometabolic health, in contrast to non-Hispanic white
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adolescents. Similar associations among non-Hispanic white and Mexican American groups aligns
with evidence of the Hispanic Paradox. Future studies of effect of area-level determinants of
cardiometabolic dysfunction may consider race/ethnicity-specific associations.
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Twenty-six percent of deaths in the United State are attributed to cardiometabolic disease,
and minority populations bear a disproportionately high burden of mortality due to these
diseases [1]. Reducing the burden of cardiometabolic diseases and identifying their
precursors are public health priorities for the United States [2] Evidence is accumulating that
cardiometabolic dysfunction during adolescence is a precursor of later cardiometabolic
disease [3-6], as it tracks over time and can predict onset of cardiometabolic disease 25
years later [6]. Thus, although it is rare for adolescents to meet diagnostic criteria for
cardiometabolic diseases, adolescents with cardiometabolic functioning deviating from
population-level norms can be considered at risk of developing cardiometabolic disease
during adulthood [3-6]. There are persistent racial and ethnic disparities in the occurrence
and severity of cardiometabolic diseases. For example, in 2013, the cardiovascular disease
mortality rate was 30 percent higher among non-Hispanic black than among non-Hispanic
white Americans [7]. As noted by the American heart association, persistent disparities
necessitate examination of potential modifying effect of race/ethnicity on determinants of
cardiometabolic dysfunction [2]. Below, we examine race/ethnicity-specific associations
between exposure to area-level poverty and cardiometabolic dysfunction among U.S.
adolescents.

Research on contextual determinants of cardiometabolic dysfunction among adolescents has
focused primarily on the association between area-level socioeconomic status (SES) and
adiposity or blood pressure. This evidence indicates that residence in low-SES areas predicts
an elevated risk of adiposity and explains a significant amount of racial/ethnic disparities in
adiposity among U.S. adolescents [8,9]. In contrast, of four studies of area-level SES and
blood pressure among adolescents, all conducted among small samples (range: 24-325) [10-
13], only one found an association [10]. Two of the studies with null findings included only
individuals with a family history of cardiometabolic disease, potentially limiting variability
in cardiometabolic function [11,13]. None of the studies examined race/ethnicity-specific
associations between area-level SES and blood pressure [10-13].

Prior studies of adolescents have also observed a link between area-level SES and either an
index of cardiometabolic dysfunction or allostatic load, a construct related to
cardiometabolic dysfunction [14-16]. Among U.S. adolescents (n = 11,030), area-level SES
at ages 12-19 predicted cardiometabolic dysfunction at ages 25-32, this association was
weakened but remained significant after inclusion of individual-level covariates in regression
models [16]. Among U.S. adolescents aged 12-20 (n = 11,886), area-level SES was
associated with allostatic load [15], this association was strongest among individuals with
low family poverty-to-income ratio (PIR) [15]. Among a sample of non-Hispanic black
adolescents (n = 420) increasing area-level poverty between the ages 11 and 19 predicted
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allostatic load at age 19 [14]. Of the two studies that examined the interaction between race
and area-level SES, one did not find any differences by race [15], and the other observed a
stronger association among non-Hispanic white individuals than among racial/ethnic
minorities [16]. Neither of these studies [15,16] conducted stratified analysis to examine
race/ethnicity-specific associations between area-level SES and cardiometabolic dysfunction
among adolescents.

In the United States, non-Hispanic black and Hispanic individuals are more likely to reside
in lower SES areas compared with non-Hispanic white individuals [17]. And, evidence is
emerging that population-level indices of economic stratification, such as various measures
of area-level SES or income inequality, when applied to census tracts or ZIP codes mask
racial-ethnic distinctions within these areas. Thus, even within an area with apparently
homogenous SES, economic segregation by race/ethnicity persists such that white and
racial/ethnic subpopulations have distinct area-level economic experiences [18].
Consequently, a better understanding of the race/ethnicity-specific associations between
area-level SES and health outcomes is needed [17]. To our knowledge, this is the first study
to examine race/ethnicity-specific associations between area-level SES and cardiometabolic
dysfunction in a nationally representative sample of U.S. adolescents. We hypothesized that
residence in areas with higher prevalence of poverty is associated with worse
cardiometabolic dysfunction and that the association between area-level poverty and
cardiometabolic dysfunction will be stronger among white adolescents than other racial/
ethnic groups [16,18,19].

Data were drawn from 1999 to 2012 National Health and Nutrition Examination Survey
(NHANES), a cross-sectional survey of the noninstitutionalized U.S. population conducted
continuously since 1999 in 2-year cycles [20]. The analytic sample was selected from
13,343 adolescents, aged 12-19 years. We excluded respondents who reported current
pregnancy (n = 181), diagnosis of hypertension or diabetes or using medication for
hypertension or diabetes (n = 83). Respondents with missing values on any of the
cardiometabolic variables were excluded (n = 2,664), leaving an analytic sample of 10,415
adolescents residing within 3,140 census tracts (average 3.34 adolescents per tract).

Area-level data were drawn from 2000 United States decennial census and 5-year estimates
(2005-2009; 2009-2013) from the American Community Survey. Individual and area-level
data were linked with contemporary census tract identifiers (Online Figure 1).

Cardiometabolic dysfunction score:

We created an index of cardiometabolic dysfunction based on six metabolic and
cardiovascular biomarkers. Our decision to create an index of cardiometabolic function was
informed, in part, by evidence that a composite score that reflects level of risk across
multiple factors better than dichotomous indicator constructed from multiple indicators of
risk [3]. We incorporated the following six biomarkers into our index of cardiometabolic
dysfunction: glycosylated hemoglobin (%) (three month average blood glucose level) [20];
mean systolic and diastolic blood pressure (mmHg) were obtained when two or more
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measurements were available (n = 10,266; 98%); high density lipoprotien cholesterol
(mg/dL) (high density lipoprotien was multiplied by -1 to ensure all biomarkers had the
same direction) [20]; total cholesterol (mg/dL) [20]; and waist circumference (cm) [20]. Our
choice of these biomarkers from biomarkers available in NHANES was informed by how
well biomarkers track over time in relation to cardiometabolic health and by considering
missingness. Total cholesterol was included as a measure of lipid metabolism as it better
tracks over time [21] and also allows for sufficient sample size compared to other measures
of lipid metabolism which (i.e., triglycerides) would have reduced the sample size by 52% as
these measures are only available for a fasting subsample in NHANES (data not shown).
HbA1c was included as a measure of glucose metabolism as it tracks well over time, and is
less influenced by recent diet or illness than fasting glucose [22]. We summed z-scores for
each biomarker to create an overall cardiometabolic dysfunction index. The z-scores were
normed by age and gender, except for blood pressure which was normed by age, gender, and
height, consistent with guidelines on hypertension in adolescents [23]. This method of
calculating the cardiometabolic dysfunction score can result in negative numbers, as the two
blood pressure variables are standardized on an external reference category [23]. Higher
cardiometabolic dysfunction scores indicate greater dysfunction. We created quintiles of
cardiometabolic dysfunction based on the sample distribution and used the lowest quintile as
the reference group.

We used area-level poverty, the proportion of residents in the census tract living below
federal poverty threshold, as our measure of area-level SES. Multifactorial indices of area-
level SES, such as an index of area-level deprivation, are robust measures of overall area-
level SES [8,24]. Yet due to their complexity, it is often unclear which of the component
factors are driving an association. Prevalence of poverty is easily interpretable and correlates
with other measures of area-level SES such as housing quality and crowded living spaces,
and has been shown to produce similar results as multifactorial indices [25,26].

We parameterized cardiometabolic dysfunction into quintiles. We made this choice in order
to improve interpretation of our results. Progression from one unit to another on a
continuous scale reflects a very small change in the risk of cardiometabolic dysfunction; in
contrast, progression from one category to the next category arguably corresponds to a more
biologically meaningful change in risk as each of the ordinal categories includes multiple
units in a continuous scale. Finally, to account for differences in the distribution of poverty
by race/ethnicity (Online Tables 1 and 2), in race/ethnicity-specific analysis, we estimated
area-level poverty quartiles on race/ethnicity-specific distribution of poverty. We used census
tracts as our unit of analysis because census tracts are more economically homogenous than
other geographies such as ZIP codes, commonly used in studies of area-level SES and health
outcomes, and smaller geographies such as block groups would not include a sufficient
number of NHANES participants to run hierarchical models [27,28].

The following covariates were included in the regression models: 2 year survey cycle, race/
ethnicity (non-Hispanic white, non-Hispanic black, Mexican American, and Other), family
PIR (an indicator of family SES; continuous), parental education (indicator variables for less
than high school, high school, greater than high school), serum cotinine level (continuous),
and physical activity (coded 1: yes to “Do you do any vigorous-intensity sports, fitness, or
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recreational activities that cause large increases in breathing or heart rate like running or
basketball for at least 10 minutes continuously?”), and prevalence of non-Hispanic black
population at the census tract level (continuous). These covariates have been identified in
previous studies as correlates of cardiometabolic dysfunction [9,10,15].

Statistical analysis:

First, we conducted descriptive analyses, using survey commands to account for the complex
survey design. Second, we estimated the association between area-level poverty and
cardiometabolic dysfunction using a series of hierarchical ordinal regression models with
random intercepts, adjusted for clustering at the census tract level. Each level of
cardiometabolic dysfunction serves as a threshold sequentially, yielding a series of binary
estimates where odds of being in categories at or above that threshold is compared to odds of
being in categories below that threshold (Table 1, Egs. (1)-(3)). These individual models
yield a cumulative odds ratio that reflects the combined odds ratio across all possible
thresholds of cardiometabolic dysfunction (Eq. (4)). Thus, the cumulative odd is interpreted
as the odds of being in any category of worse cardiometabolic dysfunction (Eq. (4)).
Hierarchical ordinal regression models, adjusted for clustering at the census tract level, were
fit using PROC GLIMMIX in SAS 9.3, using the lowest cardiometabolic dysfunction
category as the reference category.

First, we fit a model that included area-level poverty and indicator variables for survey cycle.
Second, race/ethnicity, family PIR, head of household education level, serum cotinine, and
physical activity were included in the model. Third, prevalence of non-Hispanic black
population was added to the model. Age and gender were not included in the models as
cardiometabolic dysfunction is standardized by these two variables. Next, race*poverty
interaction terms were fit. If the log likelihood ratio test indicated that inclusion of
interaction terms significantly improved model fit, separate models were fit by race/
ethnicity. Because racial/ethnic groups are unevenly distributed across area-level poverty
quartiles (Online Table 2), we fit stratified models with two methods of determining area-
level poverty: (1) Quartiles based on overall sample distribution of area-level poverty and (2)
quartiles of area-level poverty based on race/ethnicity-specific poverty distribution. The
race/ethnicity group designated as ‘other’ by NHANES is small and heterogeneous, thus,
they were included in the analytic sample but results for this group are not presented. In
posthoc analysis, we explored race/ethnicity specific associations between area-level poverty
and family PIR. This may provide evidence of race/ethnicity-specific economic experiences
in areas of comparable SES.

Responses of “Don’t Know,” “Refused,” and “Missing” were treated as missing values.
Missing values for family PIR, serum cotinine, parental education, and physical activity
were imputed 10 times using SAS PROC MI, and results were obtained using PROC
MIANALYZE in SAS 9.3. As NHANES uses a complex, stratified, and multistage sample
design, all analyses used Mobile examination center person-level survey weights, scaled to
the census tract level, to account for oversampling, noncoverage and nonresponse [29].
Analysis of restricted data was conducted in the research data center at the National Center
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for Health Statistics in Hyattsville, MD, and was considered exempt by the University of
Maryland Institutional Review Board.

Table 2 includes mean cardiometabolic dysfunction score and mean cardiometabolic
biomarker levels by area and individual-level covariates. Residents of the highest poverty
areas (i.e., fourth quartile), compared to lowest poverty areas (i.e., first quartile), experienced
an average of 20% increase in cardiometabolic dysfunction score (fourth quartile mean score
= —.695 (95% CI -.775, —.614) versus first quartile mean score = -.866 (95% CI —.940, —.
792). The negative cardiometabolic dysfunction scores resulted from standardization of the
two blood pressure variables by an external reference category [23].

Differences in mean cardiometabolic dysfunction were observed by race/ethnicity. Non-
Hispanic black adolescents had the highest mean cardiometabolic dysfunction score (mean
—-.612, 95% CI -.671, —.552), followed by non-Hispanic white adolescents (mean: —.818,
95% CI -.877, —.759), and Mexican American adolescents (mean —.857, 95% CI —.923, —.
791).

Table 3 presents results of hierarchical models estimating the association between area-level
SES and the cardiometabolic dysfunction. In model 1, area-level poverty is positively
associated with cardiometabolic dysfunction (column 1); this association is independent of
individual-level covariates (model 2) and prevalence of non-Hispanic black residents (model
3). Relative to residents of areas with the lowest (i.e., first quartile) area-level poverty,
residents of third, and fourth quartiles of area-level poverty experienced 32% (95% CI 1.13,
1.53), and 27% (95% CI 1.08, 1.50) elevated odds of higher cardiometabolic dysfunction
score, respectively (model 3).

Inclusion of individual-level covariates (model 2) and prevalence of non-Hispanic black
residents (model 3) resulted in similar coefficients for area-level poverty compared to model
1. This suggests that the association between area-level poverty and cardiometabolic
dysfunction is not explained by the prevalence of non-Hispanic black residents.

The log likelihood ratio test comparing model 3 with a model that included an interaction
term for area-level poverty and race/ethnicity indicates that the interaction significantly
improved model fit (42: 18.02, df = 9, p=.034).

In fully adjusted race-ethnicity specific models using race-specific poverty distributions
(Table 3, Model 3), among non-Hispanic white adolescents, residents of the fourth quartile
of area-level poverty experience 39% (95% CI 1.04, 1.86) elevated odds of greater
cardiometabolic dysfunction compared with adolescents living in tracts with the lowest
poverty levels. Among Mexican American adolescents, residents in the third and fourth
quartiles of area-level poverty experienced 36% (95% CI 1.03, 1.80) and 38% (95% CI 1.04,
1.82) elevated odds of greater cardiometabolic dysfunction, respectively. Among non-
Hispanic black adolescents, all ORs were close to 1 (OR range: 0.88-1.07), and none were
statistically significant. Similar to overall analyses, inclusion of individual and area-level
covariates did not result in a meaningful change in the coefficients for area-level poverty
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(Table 3). The patterns of the race/ethnicity-specific associations between area-level poverty
and cardiometabolic dysfunction were generally similar when using overall poverty
distribution quartiles (Online Table 3).

In posthoc analysis, we explored associations between area-level poverty and family PIR,
and whether these associations differ by race/ethnicity (Table 4). Overall, mean family PIR
declined from 3.34 in quartile 1 to 1.42 in quartile 4 (p < .001). Within each racial/ethnic
group, mean family PIR declined across area-level poverty quartiles. However, the
magnitude of this difference was greatest among non-Hispanic white adolescents. Between
the first and fourth quartiles, non-Hispanic white adolescents had a 1.93 unit decline (p< .
001), non-Hispanic black adolescents had a 1.27 unit decline (v < .001), and Mexican
American adolescents had a 1.22 unit decline (p < .001).

Within each quartile of area-level poverty, racial/ethnic differences in mean family PIR are
attenuated as area-level poverty increases. For example, in quartile 1, mean family PIR for
non-Hispanic white adolescents is .92 units higher than mean family PIR for non-Hispanic
black adolescents, and this difference is only .26 in quartile 4 (Table 4).

Discussion

In this first examination of race/ethnicity-specific associations between area-level poverty
and cardiometabolic dysfunction among U.S. adolescents, we observed a positive
association between prevalence of area-level poverty and cardiometabolic dysfunction
among non-Hispanic white and Mexican American adolescents but not among non-Hispanic
black adolescents. This observation is in line with accumulating evidence of race/ethnicity-
specific associations between contextual poverty and various health outcomes. For example,
among U.S. adolescents, area-level SES at ages 12-19 predicted cardiometabolic
dysfunction at ages 25-32, and this association was stronger among non-Hispanic white
adolescents than among other racial/ethnic groups [16]. Similarly, among diverse U.S.
samples, area-level SES predicted risk of smoking [30] among non-Hispanic white
adolescents but not among other racial/ethnic groups. Race/ethnicity-specific associations
have also been observed between income inequality and health among children and
adolescents. In U.S. metropolitan areas, income inequality predicts exposure to second hand
smoke [18] among non-Hispanic white children, but not among non-Hispanic black
children. In U.S. metropolitan areas, increasing income inequality is associated with
increasing risk of mortality among non-Hispanic black children, but lower risk of morality
among non-Hispanic white children [19].

The lack of an association between area-level poverty and cardiometabolic dysfunction
among non-Hispanic black adolescents, implicates the primacy of structural racism that
specifically influences the lived experiences of non-Hispanic blacks and limits political
power, social status, and access to resources [31]. Among the key consequences of structural
racism in US, is diminished returns on achievements such as a hindrance to upward
residential mobility that segregates non-Hispanic blacks in relatively high poverty localities
regardless of their family income [32]. Our posthoc analysis shows that in the U.S., high-
income non-Hispanic white families reside in lower poverty areas than non-Hispanic black
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and Mexican American families with similar family income (Table 4). Likewise, Logan et al
report that non-Hispanic black households earning over $75,000 in annual income live in
areas with about 15% prevalence of poverty, whereas, non-Hispanic white households with
less than $40,000 annual income reside in areas with about 13% prevalence of poverty [31].
Consequently, within geographies that may appear to be economically homogenous (e.g.,
census tracts), non-Hispanic black adolescents are likely to reside in relatively segregated
localities with limited structural resources (e.g., safe public spaces and quality educational
opportunities) and high prevalence of poverty [33]. In sum, despite the importance of a
neighborhood’s socioeconomic conditions for its residents health [9], non-Hispanic black
adolescent’s consistent exposure to relatively high levels of area-level poverty [31] can
render a statistically null effect when considering the relative effect of varying degrees of
area-level poverty among census-tracts, as is the case in the current study.

Additionally, our observation of similar associations among Mexican American and non-
Hispanic white adolescents is in accord with the literature on Hispanic paradox [34]. While
Mexican American individuals also experience structural racism [31], the extensive literature
that has documented paradoxically positive health outcomes among Hispanic populations in
U.S. despite their relatively lower SES supports our findings.

Of note is that non-Hispanic black adolescent’s lower cardiometabolic dysfunction scores
relative to non-Hispanic white adolescents belie the higher burden of cardiovascular disease
among black adults. Although physiologic, genomic, and environmental factors have been
proposed as explanations for this phenomenon, our understanding of this phenomenon
remains rudimentary [35]. Thus, it remains that cardiometabolic dysfunction may not predict
future disease among non-Hispanic blacks as it does among non-Hispanic whites [35,36].
However, this lack of predictability is not plausibly associated with neighborhood poverty
and does not explain the null association between poverty and cardiometabolic dysfunction
among African- Americans in our sample.

Our analysis has several strengths. First, our ordinal measure of cardiometabolic dysfunction
is a crude representation of a continuous cardiometabolic dysfunction score, and may better
reflect population-level variation compared to a dichotomous measure and may be a better
predictor of adult health than a dichotomous variable [3]. Additionally, the ordinal
cardiometabolic dysfunction variable may reduce potential misclassification compared to a
dichotomous measure. Secondly, our use of contemporary area-level data minimizes
potential misclassification of an individual’s area-level poverty due to temporality. For
example, for an individual in NHANES 2011-2012, the poverty rate of their census tract of
residence will be more accurately reflected in ACS 2009-2013 data than in census 2000
data. Results from the current study are also in line with previous work that area-level
prevalence of non-Hispanic black population is often used as an indirect measure of racial
makeup of a residential area, a key area-level exposure that was included in the models to
allow estimation of the effect of area-level poverty independent of racial-makeup of the area
[37].

Third, we used biomarkers of lipid and glucose metabolism (i.e., total cholesterol and
HbA1c) that track better over time than biomarkers, such as fasting glucose and
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triglycerides, used in other studies [21,22]. Nonetheless, the observed racial/ethnic
disparities in cardiometabolic dysfunction among adolescents are consistent with evidence
that non-Hispanic black populations have the highest prevalence of cardiometabolic disease
in adulthood [1]. Lastly, in line with previous works we included in the regression models
the prevalence of non-Hispanic black population as an indirect measure of racial
composition of residential areas to allow estimation of the effect of area-level poverty
independent of racial composition of the area [37].

These findings should be considered in the context of this study’s limitations. Our index of
cardiometabolic dysfunction is not a validated predictor of future disease and the quintile cut
points used do not represent a clinically meaningful increase in risk. However, our index of
cardiometabolic dysfunction reflects levels of six biomarkers informed by measurements of
metabolic syndrome [3], and preclinical elevations in these biomarkers track well over time
and are predictive of future disease. As with other studies that have relied on
administratively defined geographic units, findings may differ based on how geographic
units are defined [38]. However, census tracts are typically considered to allow for the most
accurate and reliable data on poverty, while also containing a sufficient number of NHANES
participants to implement hierarchical models. Furthermore, individuals residing within
arbitrarily defined contexts may not identify with those boundaries, thus, introducing a
degree of measurement error. Next, cross-sectional epidemiologic associations do not allow
causal inference. Given the cross-sectional design of our study, we cannot directly test the
hypothesis that adolescents with greater cardiometabolic dysfunction drifted to reside in
poorer areas. However, given that adolescents usually do not choose their place of residence,
we reason that our findings are in line with the extensive literature on the social causation
hypothesis and place of residence as a determinant of poor health [9,39]. Also, we used
different biomarkers for lipid metabolism (total cholesterol) and glucose metabolism
(HbAXc) than in prior studies of U.S. adolescents, which limits comparability across studies.
Additionally, health behavior measures in NHANES, including physical activity, are self-
reported and therefore lack precision. Consequently, a degree of residual confounding likely
remains. Lastly, individuals with undiagnosed diabetes may have been included in the
analyses, likely introducing bias. However, most cases of diabetes among adolescents are
type 1 diabetes, which is more likely to be diagnosed, minimizing this concern.

Further research may help in better understanding race/ethnicity-specific associations
between contextual factors and cardiometabolic health among adolescents. As contextual
factors, such as racial segregation and poverty, change over time, studies can better account
for social and economic changes by making use of historic census data. Additionally,
longitudinal studies that track individual’s residence over time would allow for a better
understanding of cumulative exposure to contextual factors, including area-level poverty,
and how these cumulative exposures relate to the development of disease and related health
disparities across the life course. Investigating interactions between area-level SES and
individual-level factors that differ by race/ethnicity, may provide a better understanding of
the determinants of racial and ethnic disparities in cardiometabolic health.

In conclusion, we found race/ethnicity-specific associations between area-level poverty and
cardiometabolic dysfunction among U.S. adolescents, independent of individual-level and
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area-level covariates. The association between area-level poverty and cardiometabolic
dysfunction was present for non-Hispanic white and Mexican American adolescents but not
for non-Hispanic black adolescents. These findings suggest there may be racial/ethnic
differences in the associations between area-level SES and health outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

References

[1]. Graham G Disparities in cardiovascular disease risk in the United States. Curr Cardiol Rev
2015;11:238-45. [PubMed: 25418513]

[2]. Suglia SF, Koenen KC, Jarrett RB, et al. Childhood and adolescent adversity and cardiometabolic
outcomes: A scientific statement from the American Heart Association. Circulation
2018;137:€15-328. [PubMed: 29254928]

[3]. Kelly AS, Steinberger J, Jacobs DR, et al. Predicting cardiovascular risk in young adulthood from
the metabolic syndrome, its component risk factors, and a cluster score in childhood. Int J Pediatr
Obes 2011;6:€283-9. [PubMed: 21070100]

[4]. Morrison JA, Friedman LA, Wang P, et al. Metabolic syndrome in childhood predicts adult
metabolic syndrome and type 2 diabetes mellitus 25 to 30 years later. J Pediatr 2008;152:201-6.
[PubMed: 18206689]

[5]. Li S, Chen W, Srinivasan SR, et al. Childhood cardiovascular risk factors and carotid vascular
changes in adulthood: the Bogalusa heart study. JAMA 2003;290:2271-6. [PubMed: 14600185]

[6]. Magnussen CG, Cheriyan S, Sabin MA, et al. Continuous and dichotomous metabolic syndrome
definitions in youth predict adult type 2 diabetes and carotid artery intima media thickness: The
cardiovascular risk in young finns study. J Pediatr 2016;171:97-103. e3. [PubMed: 26681473]

[7]. Singh GK, Siahpush M, Azuine RE, et al. Widening socioeconomic and racial disparities in
cardiovascular disease mortality in the United States, 19692013. Int J MCH AIDS 2015;3:106—
18. [PubMed: 27621991]

[8]. Rossen LM. Neighbourhood economic deprivation explains racial/ethnic disparities in overweight
and obesity among children and adolescents in the U.S. A. J Epidemiol Community Health
2014;68:123-9. [PubMed: 24072744]

[9]. Leal C, Chaix B. The influence of geographic life environments on cardiometabolic risk factors: A
systematic review, a methodological assessment and a research agenda. Obes Rev 2011;12:217—
30. [PubMed: 20202135]

[10]. McGrath JJ, Matthews Ka, Brady SS. Individual versus neighborhood socioeconomic status and
race as predictors of adolescent ambulatory blood pressure and heart rate. Soc Sci Med
2006;63:1442-53. [PubMed: 16733078]

[11]. Barnes V, Treiber F, Musante L, et al. Ethnicity and socioeconomic status: Impact on
cardiovascular activity at rest and during stress in youth with a family history of hypertension.
Ethn Dis 2000;10:4-16. [PubMed: 10764125]

[12]. Chen E, Paterson LQ. Neighborhood, family, and subjective socioeconomic status: How do they
relate to adolescent health? Health Psychol 2006; 25:704-14. [PubMed: 17100499]

[13]. Kapuku GL, Treiber FA, Davis HC. Relationships among socioeconomic status, stress induced
changes in cortisol, and blood pressure in African American males. Ann Behav Med
2002;24:320-5. [PubMed: 12434943]

[14]. Brody GH, Lei M-K, Chen E, et al. Neighborhood poverty and allostatic load in African
American youth. Pediatrics 2014;134:e1362-8. [PubMed: 25311604]

[15]. Theall KP, Drury SS, Shirtcliff EA. Cumulative neighborhood risk of psychosocial stress and
allostatic load in adolescents. Am J Epidemiol 2012;176(Suppl 7):S164-74. [PubMed:
23035140]

J Adolesc Health. Author manuscript; available in PMC 2019 November 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Williams et al.

[16].
[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

Page 11

Wickrama KAS, Lee T-K, O’Neal CW. Stressful life experiences in adolescence and
cardiometabolic risk factors in young adulthood. J Adolesc Heal 2015;56:456-63.

Williams DR, Mohammed SA. Racism and health I: Pathways and scientific evidence. Am Behav
Sci 2013;57. doi: 10.1177/00027642123487340.

Shenassa ED, Rossen LM, Cohen J, et al. Income inequality and US children’s secondhand
smoke exposure: distinct associations by race-ethnicity. Nicotine Tob Res 2017;19:1292-9.
[PubMed: 27811157]

Nuru-Jeter AM, Williams T, LaVeist TA. Distinguishing the race-specific effects of income
inequality and mortality in U.S. metropolitan areas. Int J Health Serv 2014;44:435-56. [PubMed:
25618984]

National Center for Health Statistics. 2016National Health and Nutrition Examination Survey:
Questionnaires, Datasets, and Related Documentation Available at: http://www.cdc.gov/nchs/
nhanes/nhanes_questionnaires.htm. Accessed October 11 2016.

Webber LS, Srinivasan SR, Wattigney WA, et al. Tracking of serum lipids and lipoproteins from
childhood to adulthood. The Bogalusa heart study. Am J Epidemiol 1991;133:884-99. [PubMed:
2028978]

Sacks DB. A1C versus glucose testing: A comparison. Diabetes Care 2011;34:518-23. [PubMed:
21270207]

National Heart, Lung and Blood Institute. FOURTH REPORT ON Diagnosis, Evaluation, and
Treatment of High Blood Pressure in Children and Adolescents Available at: Accessed January 1
http://www.nhlbi.nih.gov/files/docs/resources/heart/hbp_ped.pdf. Accessed January 1, 2015.
Rossen LM, Talih M. Social determinants of disparities in weight among US children and
adolescents. Ann Epidemiol 2014;24:705-13. e2. [PubMed: 25174287]

Krieger N, Chen JT, Waterman PD, et al. Choosing area based socioeconomic measures to
monitor social inequalities in low birth weight and childhood lead poisoning: The public health
disparities geocoding project (US). J Epidemiol Community Health 2003;57:186-99. [PubMed:
12594195]

Krieger N. Geocoding and monitoring of US socioeconomic inequalities in mortality and cancer
incidence: Does the choice of area-based measure and geographic level matter? The Public
Health Disparities Geocoding Project. Am J Epidemiol 2002;156:471-82. [PubMed: 12196317]

Subramanian S V, Chen JT, Rehkopf DH, et al. Racial disparities in context: A multilevel analysis
of neighborhood variations in poverty and excess mortality among black populations in
Massachusetts. Am J Public Health 2005;95:260-5. [PubMed: 15671462]

Colabianchi N, Coulton CJ, Hibbert JD, et al. Adolescent self-defined neighborhoods and activity
spaces: Spatial overlap and relations to physical activity and obesity. Health Place 2014;27:22-9.
[PubMed: 24524894]

Carle AC. Fitting multilevel models in complex survey data with design weights:
Recommendations. BMC Med Res Methodol 2009;9:49. [PubMed: 19602263]

Nowlin PR, Colder CR. The role of ethnicity and neighborhood poverty on the relationship
between parenting and adolescent cigarette use. Nicotine Tob Res 2007;9:545-56. [PubMed:
17454711]

Logan JR. Separate and unequal: The neighborhood gap for blacks. Hispanics Asians
Metropolitan Am 2017 Available at: https://s4.ad.brown.edu/Projects/Diversity/Data/Report/
report0727.pdf Accessed July 24.

US Department of Housing and Urban Development. Discrimination in Metropolitan Housing
Markets, Phase 1. Available at: http://www.huduser.

Reardon S, Bischoff K. Growth in the Residential Segregation of Families by Income 1970-2009.
Available at: https://s4.ad.brown.edu/Projects/Diversity/Data/Report/report111111.pdf. Accessed
July 24 2017.

Osypuk TL, Bates LM, Acevedo-Garcia D. Another Mexican birthweight paradox? The role of

residential enclaves and neighborhood poverty in the birthweight of Mexican-origin infants. Soc
Sci Med 2010;70:550-60. [PubMed: 19926186]

J Adolesc Health. Author manuscript; available in PMC 2019 November 01.


http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm
http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm
http://www.nhlbi.nih.gov/files/docs/resources/heart/hbp_ped.pdf
https://s4.ad.brown.edu/Projects/Diversity/Data/Report/report0727.pdf
https://s4.ad.brown.edu/Projects/Diversity/Data/Report/report0727.pdf
http://www.huduser
https://s4.ad.brown.edu/Projects/Diversity/Data/Report/report111111.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Williams et al.

Page 12

[35]. Bentley AR, Rotimi CN. Interethnic variation in lipid profiles: Implications for
underidentification of African—Americans at risk for metabolic disorders. Expert Rev Endocrinol
Metab 2012;7:659-67. [PubMed: 28191028]

[36]. Sumner AE. Ethnic differences in triglyceride levels and high-density lipoprotein lead to
underdiagnosis of the metabolic syndrome in black children and adults. J Pediatr 2009;155:e7—
11. S7.

[37]. Kimbro RT, Denney JT. Neighborhood context and racial/ethnic differences in young children’s
obesity: Structural barriers to interventions. Soc Sci Med 2013;95:97-105. [PubMed: 23089614]

[38]. Flowerdew R, Manley DJ, Sabel CE. Neighbourhood effects on health: Does it matter where you
draw the boundaries? Soc Sci Med 2008;66:1241-55. [PubMed: 18177988]

[39]. Fiscella K, Williams DR. Health disparities based on socioeconomic inequities: Implications for
urban health care. Acad Med 2004;79:1139-47. [PubMed: 15563647]

J Adolesc Health. Author manuscript; available in PMC 2019 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Williams et al.

Page 13

IMPLICATIONS AND CONTRIBUTION

The present study contributes evidence suggesting race/ethnicity-specific individual-level
experiences modify the association between area-level exposures and health among
adolescents. Studies of contextual determinants of disparities in cardiometabolic health
across the life course would benefit by considering the modifying influence of race and
ethnicity.

J Adolesc Health. Author manuscript; available in PMC 2019 November 01.



Page 14

Williams et al.

(1 A10Barea uonounysAQ d1jogelswolple)) 1sa18lul Jo pjoysaiyl /  uonaungsAQ d1jogeiswolpie) Jo € Alobiared ui Buiaq Jo Aljigeqoud :x

uonounysAQ arjogelswolpred Jo Alobajeds pasapio Jaybiy ul Buiaq jo Aljigqeqold ¢ uonounysAQ oljogeiswolpie) Jo g Alobisyed ul Buiaq Jo Aljiqeqo.d e

uonodunysAQ a1jogeiawolpIe) Jo v Alobisyed ui Buiaq Jo Aljiqeqold ;Y2 uonounysAQ d1jogelswolpie) Jo T Alobares ul Buiag o ANjigeqold T

:Ssjusuodwo)
1+/
[+ + u
(e = [Ro1 = ( < fz D30l
U4 et -
leg ot lu=s pa
(v) b3
(e
(oo £ T 4 gBor =7
/2
4 byt z
Cz 4+ §N|+ x)3o] = “7
p/s
T
(244 XG0y = 17
ﬁ.,R
(e)-(1) sb3
uolealy1aads japow uoissaibal ansibo| [eulpio
T 3lqelL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Adolesc Health. Author manuscript; available in PMC 2019 November 01.



Page 15

Williams et al.

(61°5'9T'S) LT'S
(82'6'52°9) 92'S
(€T'5'0T°9) 2T'S

(8T°G'9T°G) T'S
(ST'S'€T9) ¥T'S

(FT'G'TTG) €T'S
(9T'G'€T'9) ST'S
(6T'S'2T'S) 8T'G

(TZ'5'sT'9) 8T'G
(Ts'oTs) 2Ts
(LT'S'€T'S) ST'S
(LT'S'¥T'6) ST'S
(61T°5'9T°5) 8T'S

(ez's'0z'9) 12'S
(LTS'YTe) 9T'S
(ST'S2T'9) ¥T'S
(ST'5'2T'9) ¥T'S

(zz's'61'9) 02'S
(61'5'9T°G) 8T'G
(9T'S'eTS) ¥T'S
(wT'S'TT'G) €T'S

(9T'G'ST'S) ST'S

(18'85'62°LS) ££'8S
(T2'19'12°09) TL°09
(#7219 '08°09) 22°T9

(#2°09'1€'65) 82'6S
(9129 ‘2€°19) ¥2°19

(229 '16'29) 09°€9
(2129 '21°19) S9°'19
(258 'v¥'LS) 86°'TS

(88'19 '06°8S) 6£'09
(€029'TZ°09) 2T'T9
(99'T9 'ST"09) G809
(50'19 '20°09) €509
(ce'19 '21°09) 2209

(16'09 '€6'6S) 2209
(2909 ‘05'65) 9009
(€9'19 '€2°09) 8809
(88'19 '12°09) 0£'T9

(€€'19 'v0°09) 6909
(55'19 '9T°09) 9809
(6219 'TT°09) 02709
(92'19 '0T°09) 8909

(#0°'T9 ‘T°09) 2L°09

(6.°60T'06'80T) ¥£'60T
(S2ZTT'Or' TTT) €8°TTT
(€8'60T'T0°60T) 2¥'60T

(y9'2TT'28'TTT) €2°21T
(8T°£0T'87°90T) £8°90T

(TZ’€TT'66°'TTT) 09°2TT
(€6°0TT'90°0TT) 6¢°0TT
(82°20T'S%°90T) 98°90T

(£L°0TT'25'80T) G9'60T
(82°607°20°80T) 26'80T
(92°0TT'S6'80T) T9'60T
(ST°0TT'22'60T) TL'60T
(6%°0TT'6%'60T) 66'60T

(b2’ TTT'22°0TT) €L°0TT
(9T°0TT'ET'60T) 59°60T
(ST'0TT'¥0'60T) 65'60T
(89'601'65°80T) ¥1°60T

(2T'TTT'00°0TT) 95°0TT
(85°0TT'6€'60T) 86'60T
(0T°0TT '#0'60T) LG'60T
(85'60T 'G5'80T) 90'60T

(06°'60T '¥€'60T) 29°60T

(162~
(zes-
(652

(288 -
(LL5-

(e08'-
(969 -
(soL-

(29 -
(8-
(teL-
(voL -
(959~

(sv9-
(oL -
(soL-
(ceL-

(y19-
(v09-
(vsL-
(e6L-

(sL -

‘€26'-) 1G8'-
‘7,9'-) 219~
‘L18'-) 818~

'866'-) 26~
‘169'-) ¥£9'-

'286'-) €68~
‘LT8'-) 1GL -
'5€8'-) 021~

‘v.6'-) 66L '~
‘20T'-) £06'-
'806'-) 028"~
‘v€8'-) 69L'-
'66L'-) L2L -

'908'-) L2l'-
‘€T6'-) 88"~
'198'-) 98/~
‘TL8'-) 961~

'SLL'-) S69'-
‘28L'-) 269~
'168'-) G28'-
‘0v6'-) 998"~

‘v€8'-) ¥61 -

6o ze ‘zree) Wy XN
g6z ‘z50¢) %919 HN
99z '96/Z) SWUM HN
Auypz/eoey
(68°15 ‘00¥5) BleN
G187 '5105) Brewad
19pusD)
Lez'osve) 61-81
o8¢ ‘v96€) L1-ST
zge ‘186€) Y121
by
g ‘g92) BuissiIN
626 296) G <
er'sT '9091) 6'7-€
Gr8¢ ‘s00¢) 6'2-T
€56z vL06) T >
dld Ajnwey
(56°¢Z ‘6652)% alpend
(T0°5 “5092)¢ almrend
(00°5Z ‘v092)2 a1end
(56°¢Z ‘6652)1 dj1pend

uone|ndod 3oe|q HN 40 8dUd[eAsld

(1612 :G652) ajiend
(18°v2 ‘$852)€ aj1pend
(0152 '5192)2 8jsend
(562 ‘6652)T ajiend

A11anod |ans|-ealy

(001 ‘5TH0T)1EI0L

(10 9%G6) uesw oT\YqH

(10 9%G6) uesw daa

(1D 9%G6) uesw dgs

(1D %G6) Ueaw uoioUNSAp o1joqelswoIpied

(% N pawybremun) ajqerien

Author Manuscript

¢ 9lqeL

Author Manuscript

Author Manuscript

(2T0Z2-666TSINVHN) So|qelien [ans]-eale pue Sa|qelien diydelbowap AQ Siax ewolq pue 8109S UOIIdUNISAP d1j0gelswolpIed ueaw paiybispn

Author Manuscript

J Adolesc Health. Author manuscript; available in PMC 2019 November 01.



Page 16

*dnoub Jo Aj1suaboialay 01 anp aiay pariodal JouANdIUYIB/adel 1O ‘(8 = u) uolrejndod or|q o1URdSIH-UOU JO 9JUB[eAId PUe (ZZ = U) uoneAlidaq ealy 1oy pariodal Jou sanjea Buissiw ‘azis 189
|lews 01 anq "ainssaid poojga1|oISseIp pue 21]0ISAS 04 pUB ‘|0J31S3]0YD [e10} PUB |0J9)SAI0YD TTQH ‘@2UaIa4WNIID ISIem ‘S|ana| uiqolfoway pale|ASodA|h 10 $8109S-Z JO WNS B SI UOIdUNYSAp d1jogeIawolpIe)

*(9110ge18WOIPIRI) 32UBIBJWINIIID ISTeM = DA ‘(TTp/Bw) [0181s8j0yd [B10]
=01 {(BHww) ainssaidpoo|g 21101SAS = 4gs (Tp/Bw) josassjoy) uisosdodi] Avsuaq ybiH = O-1aH :(esoan|b poojq %) uiqojfowaH paie|AsodA|9 = oTwqH ‘(BHWW) ainssald poojg aljoiselq = 49d

Williams et al.

(68'05'e8'6v) 9€'05  (96'65T'09°2GT) 82'8ST  (90'%8 '€8'28) ¥i'€8 6oz ‘Zres) "Wy XN
(GLv5'62°€8) Gevs  (ev'T9T'60'6GT) 92°09T  (62'T8 '€0°08) 99°08 g6z ‘z50¢) Moelg HN
(oe'05've6Y) 286  (2v'T9T'€6'8GT) LT'09T  (2T1'28 '26'08) ¥S'T8 Or 9z ‘95/2) UM HN
Aiuyz/eoey
(z8'8v'L6°Lv) 6€'8y  (Ev'8ST'ST'9GT) 62'2GT  (¥S'28 'Gv'18) 66'18 (68°15 ‘00¥S) BleN
(29€5'2928) v1'es  (2L'€9T'9ETOT) #5291  (GE'T8 '82°08) 1808 6181 5105) 8leWeS
AspusD
(68'05'v5'6Y) TC'0S  (T9'99T'€0°'€9T) 28'¥9T  (GL'98 '€T'G8) ¥6'G8 L€z 'osv2) 61-81
(T5°05'8v'6v) 66'67  (8€'65T'89'9ST) €0'85T  (G6'28 ‘SL'18) GE'Z8 ©ose ‘v96e) L1-5T
(zz'es'8T'18) 041G (S8'6ST'€ELGT) 6G'8ST  (¥2'8L 'L0°LL) S9'LL cz8e '1865) ¥1-21
by
(28'26'2r08) 291S  (FZ'€9T'6G7LGT) TH09T  (2T°€8 ‘8T°08) G9°18 e/ ‘€9/) BuissiN
(¥0'€5'02'18) 212G (06'29T'80°8GT) 6v°09T  (€9°08 '29'8L) 29'6. 626 :£96) 5 <
(0e'15'22°6Y) ¥S0G  (S9'09T'22°9GT) TL'8ST  (T¥'18 '99'6L) ¥5°08 ST '9091) 6'7-€
(02°05'89°'6v) 6105 (09'T9T'26'85T) 92°09T  (S0'28 ‘2Z'18) 98'18 Grge S00r) 621
(66'05'GL°6Y) L€'0S  (2T'T9T'€0'8GT) 8G'6ST  (91°€8 '80°28) ¥8'28 es6z ‘vL06) T >
did Ajuwres
(99'26'8€'16) 20'cS  (€6'T9T'08'8GT) 9€'09T  (L9'T8'TT'08) 6808 (56 v '6652)% alirend
(65'75'82°05) €6'05  (8Y'T9T'9€'85T) 26'65T  (LT'28'TL'08) ¥i'18 (10°6Z '5092)¢ ajend
(eT'15'v8'6Y) 8705  (€0'T9T'GYLGT) ¥E'6ST  (¥€'28 'v2'08) ¥S'18 (00°52 ‘v092)2 aHrend
(99'05'676v) 8005 (v'T9T'8E'8GT) T6'6ST  (€2'28 '98°08) ¥S'T8 (56 v '6652)1 9li1end
uoine|ndod »oe|q HN J0 ddusfenald
(z,'15'8€°08) GO'TS  (¥6'09T'28°2GT) Ov'6ST  (99°€8 ‘00°28) £8'28 (16°¢2 ‘5652)% alnend
(62'15'v6'6Y) 2905 (0v'T9T'G8’ZGT) €9'65T  (19°€8 ‘'28°'18) 2228 (18'vZ ‘v8S2)< olend
(86'05'8L°6%) 8€'0S  (E€'T9T'6T'85T) 9L'65T  (62'28 'G808) LG'18 (0152 '5192)2 9Mend
(T¥'15'12°08) 18'05  (99'T9T'T9'8GT) ¥T'09T  (29°08'TE'6L) L6'6.L (56°¢Z ‘6652)1 ajpend
A1anod |ans)-ealy
(T0'16°2€°09) 6905 (G9'09T'00'65T) €8'65T  (T8'18'70'18) ¢¥'18 (oor ‘sTro1) 1YL

(10 9%56) uesw O-1AH

<(1D %S6) uesw O 1L

(1D %%56) uesw DM

(% ‘N peybemun)sjgerren

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Adolesc Health. Author manuscript; available in PMC 2019 November 01.



Page 17

Williams et al.

400>
(007'66°) 66°
(Z8T'Y0T)8ET
mam_ﬁ_mo.%m.ﬁ
(69'T'96) L2T
19y

99'z€8Y
;100>
(T18'T'v0'T).LET
(6L T'20T)SET
(691'967) L2'T
19y

S0°072S
;100>
(eLTv0T) ¥ET
(6LT'90T)8ET
(¥9'1'967) S2'T
19y

5700>
(00766 00'T
urm T'22)€0T
nsq T'78) 0T
(6T'T'0L) 160
J9Y

T8'T€0S
,10°0>
(0v'1'18) 90°T
(ev'1'e8) 60T
(6T'7'69) 160
1o

€T°92€S
,10°0>
(62'T'6L) TO'T
(re1'18) ¥0°T
(€7'T'89") 88'0
gEXY

5080

(66" ‘867) 86°
(98 T'V0OT)6ET
(0£'T'vL) 86°
(0£T'92) 00T
J9Y

0,'8198
4180
(89'1'967) L2°T
(9z1'2L) 96°
(0e'1'9L") 66°
1oy

80°0ST6
410
(LLT'90'T)LE'T
(ov'1'e8) 80T
(L€'T'28)90'T
gEX

5220

(00°'1'66°) 66°
(0S°T'80°T).2T
(EST'ETTZET
(zZz1'26) 90T
19y

€1'G8912
4220
(Sr'T'90'TIVZ'T
(TgT'2TT)0E’T
(cz1'26) 90T
1oy

89'890€2
5020
(ev'T'oT'TISC'T
(SrTTTT)LET
(0z'1'267) SO'T
g

1082.193U1 U1 doUBLIEA

uone|ndod 3oe]q HN 82uUd[eAdld
¥ 9apiend

€ 91end
Z 3|end
T 3jend
A1anod |ans)-eaay
,€ 1BPON
A71¢- -1 19pony

1082.9)u1 Ul doUBLIEA
v 91end
€ ajend
Z 3pnend
T 9end
A11anod |ans|-ealy

3po
QN_US_

- W 19Pon
1A92.191U1 LI BIUELIBA
v ajend
€ ajend
Zaend
T 3jend
A11anod |ans|-ealy

gV ISPON

(1D 9%56) HO
(zvee = u) uedIIBWY URDIXBIN

(10 9%656) HO (2S0€ = U) >oe|g HN

(10 %G6) O (9522 = u) aym HN

uonnqusip A118no0d oy10ads-A101uyla/eoey

(12 %56) HO

(STPOT = u) uonduUNYSAp J1jogelswolpaed

uonnqusip Ausnod [[edsnQ

SN

Author Manuscript

Xapul 91]0qRIBWOIPIed pUe SIS [2A3]-BaJR U3SMIS] UONEBIJ0SSE 8yl Buiewnss sjppow ATH

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Adolesc Health. Author manuscript; available in PMC 2019 November 01.



Page 18

Williams et al.

‘10" > Qm

"3)IYM WOl Justapp Ajeansiels sxsabbns o' > d co_SEmE_h

‘uoireindod 3oe|q Jo sousjeAald |aAs|-eale snid g [Spow Ul Sa|geLIeA |[e Sapnjoul § 13pON,

'819A2 AaAIns SINVHN PuU‘AlAnoe [eaisAyd ‘sjans] aulu1l09 ‘uoIeINPa Ployasnoy 4o peay ‘ol ALan0d 01 awodu| Ajiwed ‘(sjapow o13199ds-A1101uyia/aoe. 1daoxa) A1101uyig/aoey sapnjoul Z |9poIN

q
"9[0AD A3AINS SINVHN Sapnfoul T 13PN,

(Z¥EE = U) UedLIBWY UBIIX3N

90°'T€0S 9/.°0T98 LEVEITC 7¢- -4 19pony
(1D 9%56) YO
(12 %56) O (¢50€ = U) MPRIG HN (1D %56) YO (9522 = U) 8UUM HN (ST¥O0T = u) uondUNysAp dljogeIBWoIpIeD aloerren
uonnqusip A14an0d oy10ads-A191uyla/eoey uonnquisip Auanod |[edenQ

Author Manuscript

Author Manuscript Author Manuscript Author Manuscript

J Adolesc Health. Author manuscript; available in PMC 2019 November 01.



Page 19

Williams et al.

Author Manuscript

(50" > @) UedLIBWIY UBDIX3IA WOLY 80UBIBLIP Emuc_:m_mu

(50" > @) >oe|g Woly 8ouaIBYIP WeIYIUBIS

q

(50" > @) aMyAN Wl 82UBIBYIP Emo_h_cm_mm

o> p€0)EET  ,€0)rST  ,(0)T6T 2(£0)55°2 Cree=U) Wy XoW

o>  pEOET o, (0)¥8T  ,(90) 62T p(L0)19C (Zeoe=) 3oe1q HN

o> o0gO)09T ,, (0)0zT ,, (10)6LT 2g(70) ESE ©96/2=U) UM HN

G0> (z0) ev't (z0) G6'T (z0) 652 (e0) ve'e  (GIror = v) uoneindod oL
anrend (as) ueaw (as) ueaw (as) ueaw (as) ueaw
¥ 31aend € 9end Zdnend T 8jend

A1anod |ans)-ealy

A1o1uya/adel pue ajiuenb S3S [aAs)-eale Aq onel Auanod-awooul Ajiwe) ueap

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Adolesc Health. Author manuscript; available in PMC 2019 November 01.



	Abstract
	Methods
	Cardiometabolic dysfunction score:
	Statistical analysis:

	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4

