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Abstract

Background: Socioeconomic (SES) factors underlying disparities in the prevalence of metabolic
syndrome (MetSyn) and consequently, type 2 diabetes among Hispanics /Latino populations are of
considerable clinical and public health interest. However, incomplete and/or imprecise
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measurement of the multidimensional SES construct has impeded a full understanding of how SES
contributes to disparities in metabolic disease. Consequently, a latent-variable model of the SES-
MetSyn association was investigated and compared with the more typical proxy-variable model.

Methods: A community based cross-sectional probability sample (2008-2011) of 14,029
Hispanic/Latino individuals of Puerto Rican, Cuban, Dominican, Central American, South
American, and Mexican ancestry living in the U.S was used. SES proxy’s education, income, and
employment were examined as effect indicators of a latent variable, and as individual predictors.
MetSyn was defined using 2009 harmonized guidelines, and MetSyn components were also
examined individually.

Results: In multivariate regression analyses, the SES latent variable was associated with 9%
decreased odds of MetSyn (95% confidence interval: 0.85, 0.96, P < .001) and was associated with
all MetSyn components, except diastolic blood pressure. Additionally, greater income, education,
and employment status were associated with 4%, 3%, and 24% decreased odds of having MetSyn,
respectively (Ps < .001). The income-MetSyn association was only significant for women and
those with current health insurance.

Conclusions: Hispanic/Latinos exhibit an inverse association between SES and MetSyn of
varying magnitudes across SES variables. Public health research is needed to further probe these
relationships, particularly among Hispanic/Latina women, to ultimately improve healthcare access
to prevent diabetes in this underserved population.
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Status; Women’s Health

Background

Metabolic syndrome (MetSyn) is conceptualized as a cluster of cardiometabolic
abnormalities related to insulin resistance that confers an increased risk for 2 diabetes and
cardiovascular disease [1-3]. MetSyn — consisting of hyperglycemia, abdominal adiposity,
hyperlipidemia, and hypertension — can be observed in one-third of all adults in the U.S. [4].
Alarmingly, Metsyn rates are disproportionately higher among minority race/ethnicity
groups. In fact, the highest rates — 36% among women and 34% among men — are observed
among Hispanic/Latino populations, the fastest growing ethnic minority group in the U.S [5,
6]. Not surprisingly, factors underlying disparities in the prevalence of MetSyn and
consequently, type 2 diabetes among Hispanics/Latinos are of considerable clinical and
public health interest.

A recent study compared the relative impact of socioeconomic, local environmental,
psychosocial, lifestyle/behavioral, and biophysiolocial factors on excess type 2 diabetes risk
among minority race/ethnicity groups and found that the largest explainable proportion was
attributable to socioeconomic status (SES) [7]. SES is a multidimensional, abstract measure
of access to material and social resources, and is most commonly operationalized by the
proxy variables education, income, and/or employment [8]. A growing number of studies
have begun to focus on SES as a key factor implicated in race/ethnicity disparities in
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MetSyn [10-16], with good reason. These studies report a consistent inverse association
such that as SES increases, risk for cardiometabolic morbidity decreases. This SES gradient
in cardiometabolic health is observed across the SES hierarchy (i.e., from the lowest to
highest SES categories), across the lifespan (i.e., in children, adults, and older adults), and
across racial/ethnic groups [9].

And yet, there are critical limitations of prior studies examining SES and MetSyn: First,
while several studies have been conducted in African American [10, 11] and Asian [12-14]
samples, there exist only a few studies among Hispanic/Latinos, and those too primarily
among Mexican American adults [15, 16]. Given vast heterogeneity in the geographic
distribution, ancestry, socioeconomic status (SES), and cultural background of Hispanics/
Latinos residing in the U.S. [17], these results from primarily Mexican American samples
may not generalize to the wider Hispanic/Latino population. Even rates of MetSyn vary
among these groups, with South Americans having the lowest prevalence, and Puerto Ricans
and Cubans having the highest prevalence [5]. As a consequence, little is known about how
SES contributes to Hispanics/Latinos population of diverse ancestry having a
disproportionately higher MetSyn risk than other groups. A second critical limitation of
prior studies has been the lack of inclusion of all three major SES proxy variables in the
same analysis. Thus, the contribution of education, income, and employment, individually or
in combination, towards MetSyn prevalence among Hispanics/Latinos is unclear. To address
these limitations, this study examined (a) the association of individual SES proxy variables
education, income, and employment with MetSyn and its components, and (b) the combined
contribution of SES, in the form of a latent construct, towards MetSyn prevalence. This
approach has a distinct advantage in the context of an immigrant population (such as in the
current study) among whom discordance is often observed among measured SES indicators.
For instance, immigrants are often unable to practice a profession in the US commensurate
with the level of education they obtained in a different country for various reasons (e.g.,
government rules, licensure), which results in lower income than predicted by their
education. This approach allows incorporation of this discordance by determining how each
of the SES variables fare individually and in comparison.

A third objective of this study was to obtain a better understanding of the SES-MetSyn
association by examining sex and health insurance as effect modifiers. There is a need to
understand whether a stronger SES-MetSyn association among women than among men
reported in studies of other race/ethnicity groups is also present in a diverse sample of
Hispanic/Latinos [16, 18, 19]. Moreover, health insurance, or access to health care services,
is a critical factor in disparities in cardiometabolic outcomes and an important moderator of
health literacy, preventative interventions, and management of disease. Despite the passage
of the Affordable Care Act of 2010, and other public health initiatives, the percentage of
Hispanics/Latinos with health insurance remains low [20]. These uninsured Hispanic/Latino
individuals report lower levels of knowledge and awareness of diabetes and related
conditions resulting in higher cardiometabolic morbidity [21]. Yet, other studies indicate that
the effect of SES on cardiometabolic morbidity persists even when participants have access
to health care and that race/ethnicity disparities in metabolic outcomes remain after
adjustment for health care access [9, 22]. These paradoxical findings underscore the need to
understand the influence of health insurance on the SES-MetSyn relationship. Results from
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these data may advance our understanding of the most relevant factors contributing to
disparities in MetSyn and its cardiometabolic sequelae and inform the design of public
health interventions at the individual and societal levels targeting these factors, ultimately
helping to reduce the disproportionate health burden in this historically underserved
population.

Methods

Participants

The Hispanic Community Health Study/ Study of Latinos (HCHS/SOL; http://
www.cscc.unc.edu/hchs/) is a community based cross-sectional probability sample of self-
identified Hispanic/Latino individuals aged 18—74 years at screening from randomly
selected households in four U.S. field centers (Chicago, IL; Miami, FL; Bronx, NY; San
Diego, CA). The sample design and cohort selection has been described previously [23, 24].
Briefly, a stratified two-stage area probability sampling plan was used, such that census
block groups were randomly chosen in specified geographic areas of each study site, and
households were randomly chosen in each sample census block group. Individuals in each
chosen household were eligible for the HCHS/SOL study if they self-identified as Hispanic/
Latino, were able to travel to a local field center for examination, were not active military or
currently pregnant, and had no plans to move from the study area within three years. These
eligibility criteria were assessed via telephone calls or in person visits. Of the individuals
screened to be eligible, 42% agreed to enroll and were invited to the baseline examination,
occurring at each U.S field center between March 2008 and June 2011. The examination
included comprehensive biological (e.g., blood draw, anthropometrics), behavioral (e.g.,
objective and self-report physical activity, tobacco and alcohol use), and socio-demographic
(e.g., education and income, acculturation) assessments. Of note, the 45-74-year age group
was oversampled to facilitate examination of cardiometabolic outcomes. The study protocol
was approved by the Institutional Review Board at each field center and written informed
consent was obtained from all participants. Of the 16,415 total participants enrolled in the
HCHS/SOL, those with missing data on key variables (SES proxy variables: N=1,794;
MetSyn components: N=627; Hispanic background: N=87; covariates: N=429), and two
additional participants with triglycerides values considered to be outliers (6,366 and
3,425mg/dL; next highest value 2,234mg/dL) were excluded, resulting in an analytic sample
of 14,029 participants.

Measures

SES.—SES was operationalized in two ways - one based on proxy variables and another
based on a latent variable. The proxy variables were (a) yearly household income
(categorized as <$10,000, $10,000 to $15,000, >$15,000 to $20,000, >$20,000 to $25,000, >
$25,000 to $30,000, >$30,000 to $40,000, >$40,000 to $50,000, >$50,000 to $75,000, >
$75,000 to $100,000, or >$100,000), (b) education (years of school completed), and (c)
employment status (coded categorically using three dummy vectors for ‘full-time
employed’, ‘part-time employed’, and ‘retired’, with ‘not currently employed’ as the
reference category). SES data was obtained by interview with certified assessors and via
standard questionnaires. The latent variable was created as a more precise definition of SES,
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as any one proxy variable alone is not as reliable as the latent construct. Income, education,
and employment status were conceptualized as effect indicators of, and thus, manifestations
of a latent SES variable. The latent variable was scaled using the metric of the education
variable (i.e., years of school completed).

MetSyn.—MetSyn was defined according to a harmonized definition [4], which requires
the presence of three or more of the following components: (a) waist circumference (WC)
2102 cm in men and 88 cm in women; (b) systolic (SBP) and diastolic (DBP) blood
pressures >130 mm Hg and 85 mm Hg, respectively, or use of antihypertensive medication;
(c) high-density lipoprotein cholesterol (HDL-C) levels <40 mg/dL in men and <50 mg/dL
in women, or use of cholesterol medication; (d) triglyceride (TG) levels 2150 mg/dL or use
of lipid-lowering medication; and (e) fasting plasma glucose (FPG) level >00 mg/dL or use
of medication. WC was measured with a measuring tape at the uppermost lateral border of
the right ilium to the nearest 0.1 cm. SBP and DBP were measured three times at 1-minute
intervals after a 5-minute rest in a seated position using an automatic sphygmomanometer
(Omron model HEM-907 XL, Omron Healthcare Inc., Bannockburn, IL). The average of the
three readings was used, consistent with guidelines. HDL-C, TG, and FPG values were
obtained from fasting blood samples. TG and FPG values were logarithmically transformed
and multiplied by 100 to obtain normalized distributions. Antihypertensive, lipid-lowering,
and oral hypoglycemic medication use during the month prior to the baseline visit was
assessed via standard questionnaire and interview, and when available, by scanning
Universal Product Code bar codes or centralized manual coding. The dichotomous
harmonized MetSyn variable, and the six continuous MetSyn components were analyzed as
separate dependent variables.

Candidate effect modifiers.—Sex (0 = female, 1 = male), and health insurance (0 = no
current health insurance, 1 = yes current health insurance) were assessed through standard
questionnaires.

Covariates.—Age, field center, Hispanic/Latino ancestry group, and nativity/length of
residence in the U.S. (0 = Foreign born, 0-5 years lived in the U.S., 1 = Foreign born, 6-10
years lived in the U.S., 2 = Foreign born, 11-15 years lived in the U.S., 3 = Foreign born, 16
or more years lived in the U.S., and 4 = Born in the U.S.) were assessed via standard
questionnaires and interviews. Age was examined as a continuous variable. Field center was
dummy coded to obtain three variables for Bronx, Chicago, and San Diego field centers,
with Miami serving as the reference group (the purpose of including this variable was to
control site variation, which is invariant to the choice of referent). Hispanic/Latino ancestry
group was also dummy coded to obtain six variables for Puerto Rican, Cuban, Dominican,
Central American, South American, and more than one/other heritage, with Mexican
ancestry as the reference group (given that this was the largest category).

Analytic Plan

First, descriptive analyses were conducted to obtain MetSyn prevalence and MetSyn
component means (95% CI) by sociodemographic and SES factors. All prevalence values
were weighted for sampling probability, nonresponse, and age standardized to the 2010 U.S.
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population. Descriptive analyses were conducted using SAS version 9.3 (SAS Institute) and
SUDAAN release 10.0.0 (RTI). Second, to determine whether SES was associated with
MetSyn and its components, four sets of logistic or linear regression analyses were
performed, one set for each SES proxy or latent predictor variable. In each set, the
harmonized MetSyn variable (logistic regression analyses), or each of the six continuous
MetSyn components (i.e., WC, TG, HDL-C, SBP, DBP, FPG; linear regression analyses)
served as criterion variables in separate models. Along with the respective SES predictor
variable, each model also included age, sex, field center, Hispanic/Latino background,
nativity/length of residence in the U.S., and health insurance as covariates. Due to the large
number of comparisons in these analyses, a conservative alpha (P < .01) was used. Finally,
to determine if the SES-MetSyn association varied as a function of sex and health insurance,
interaction terms between each SES proxy variable and each candidate effect modifier were
created and entered one at a time in separate logistic regression models predicting the
harmonized MetSyn variable along with the main effects and aforementioned covariates.
When models yielded significant interaction terms, analyses stratified by level(s) of the
effect modifier were conducted. Linear regression analyses were also performed to test the
interaction in models predicting each of the six MetSyn components. Statistical analyses
were conducted using Mplus software, version 7.1, SAS version 9.3 (SAS Institute), and
SUDAAN release 10.0.0 (RTI), incorporating sampling weights, stratification, and
clustering features of the study design.

Descriptive Results

The prevalence of MetSyn, the number of MetSyn components above diagnostic threshold
[4], and mean (95% CI) values of each MetSyn component are shown in Table 1 by age, sex,
Hispanic background, and health insurance. As expected, MetSyn prevalence was higher,
and number of components above threshold were greater with increasing age range and
significantly higher than in the 18—44 age range (all ps < .001). Interestingly, although men
and women did not differ significantly on overall MetSyn prevalence (P= .295), men had
significantly worse values on all MetSyn components than women (all /A < .001). This can
occur when cutpoints are created for dichotomous variables and continuous information is
lost. Although individuals with versus without current health insurance had significantly
lower TG values (P < .001), overall MetSyn prevalence, or number of components above
threshold did not differ by health insurance status (& <.452).

The prevalence of MetSyn, the number of MetSyn components above diagnostic threshold,
and mean (95% CI) values of each MetSyn component are shown in Table 2 by SES proxy
variables. In these unadjusted analyses, individuals with less than a high school education
had significantly higher MetSyn prevalence and more components above threshold than
those with a high school diploma or better (all A <.001). MetSyn prevalence and number of
components above threshold were significantly lower for individuals in the highest versus
lowest income category (>$75,000 vs. < $20,000; A < .001). Among the MetSyn
component values, only TG values were better among those earning the highest versus
lowest incomes (P < .003). Lastly, both full-time and part-time employed participants had
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significantly lower MetSyn prevalence and number of components above threshold than
those unemployed (P < .001). Further, full-time employees exhibited significantly better
values on WC and FPG (P < .002), while part-time employees exhibited significantly better
values on all MetSyn components other than HDL-C and TG (/ < .001) compared to those
unemployed.

SES latent variable in relation to MetSyn and its components

Unstandardized factor loadings, representing the covariance between each of the indicators
and the latent variable, were statistically significant (all p-values < .01). Moreover,
standardized factor loadings indicated that each was an adequate indicator of the latent
variable: income: B = 0.82, 95% Confidence Interval (CI): 0.73, 0.90, education: f = 0.36,
95% CI: 0.32, 0.41, full-time employed: B = 0.87, 95% CI: 0.75, 1.00, part-time employed:
B =0.28,95% CI: 0.18, 0.38, and retired: p = —0.24, 95% CI: —-0.44, —0.37. The latent SES
variable was significantly and inversely related to MetSyn (OR = 0.91, 95% CI: 0.85, 0.96, P
<.001). Specifically, for each unit increase in SES, the odds of having MetSyn decreased by
9%. Moreover, this latent SES variable was significantly related to five of the six MetSyn
components in the expected directions: WC (unstandardized beta = —0.61, R? = 0.07, P
<.001), SBP (unstandardized beta = —0.61, R = 0.30, P< .001), HDL-C (unstandardized
beta = 0.61, R2=0.10, P< .001), TG (unstandardized beta = —0.80, R% = 0.13, P=.002),
and FPG (unstandardized beta = —0.50, R%2=0.11, P< .001); SES was not related to DBP
(unstandardized beta = 0.17, R2=0.13, P= .136).

SES proxy variables in relation to MetSyn and its components

The odds of having MetSyn decreased by 4% (Odds Ratio (OR) = 0.96, 95% CI: 0.93, 0.98,
P<.001; Table 3, column 1) with increasing income bracket. Income was significantly
associated with all MetSyn components with the exception of DBP and TG in the expected
directions (P < .007; Table 3, columns 2-7). Furthermore, each additional year of education
was associated with 3% decreased odds of having MetSyn (OR = 0.97, 95% CI: 0.96, 0.98,
P<.001; Table 3, column 1). Education was associated with WC, HDL-C, SBP, and FPG
(P <.001) with magnitudes generally similar to those in the income models (Table 3,
columns 2-7). Lastly, part time (OR = 0.78, 95% CI: 0.64, 0.94, P< .001) and full time (OR
=0.76, 95% CI: 0.67, 0.85, P< .001) employed persons had 22% and 24% decreased odds
of having MetSyn compared to unemployed persons, respectively (Table 3, column 1).
When compared to unemployed status, full time status was associated with all metabolic
syndrome components except SBP and DBP (& < .001; Table 3, columns 2-7). Of note, the
above SES-MetSyn associations did not differ by Hispanic background at the alpha < .01
level (data not shown).

Effect modification analyses

Table 4 reports mean (SE) of education, income, and the percentage of full-time and part-
time employed participants by sex and insurance status. These descriptive analyses reveal
that despite a lack of significant differences between men and women on education (P=.24),
there were significant differences in both income (P< .001) and occupation (P < .001).
Specifically, men had higher incomes and a greater percentage reported full-time occupation
than women. Moreover, current health insurance was associated with significantly higher
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education (P=.002), and greater income (P=<.001), but not the percentage of full-time work
(P =.23).

Income.—Separate logistic regression models revealed significant effect modification of
the income-MetSyn association by sex and health insurance, as evidenced by significant
income x sex and income x health insurance interaction terms (/% < .001). Stratified analyses
demonstrated that women in higher income brackets had 8% decreased odds of having
MetSyn, while no such relationships were observed among men (Table 3, column 1).
Similarly, participants with current health insurance also had 8% decreased odds of having
MetSyn, while no such relationship was observed among those without current health
insurance (Table 3, column 1). Examining MetSyn components, sex was a significant effect
modifier of the associations between income and WC and HDL-C (/& < .002), and health
insurance was a significant effect modifier of the associations of income with WC, SBP, and
FPG (Ps < .003; Table 3, columns 2, 5, 7). For example, moving from one to the next higher
income bracket was associated with a 0.54 cm decrease in WC among women, while no
association was found among men. Similarly, moving from one to the next higher income
bracket was associated with a 0.42 cm decrease in WC for those with current health
insurance, while no association was found for those without current health insurance.

Education.—There was no effect modification of the association between education and
MetSyn by sex (P=.02) or health insurance (P=.02; Table 3, column 1). However, the
associations of education with WC, TG, HDL-C, and SBP were significant among women
but not men (& < .004; Table 3, columns 2-5), and the association of education with HDL-
C was significant for those with health insurance (P=.002). For example, each additional
year of education was associated with a 0.40 cm decrease in WC among women, while no
association was found among men.

Employment status.—There was no effect modification of the association between
employment and MetSyn by sex (P=.014) or health insurance (P=.225; Table 3, column
1). However, significant interactions were observed between employment and sex in separate
models predicting TG, HDL-C, and SBP (& < .001, Table 3, columns 3-5). For example,
when compared to unemployed women, full-time employed women had a 2.98 mg/dL.
increase in HDL-C, while no association was found among men.

Conclusions

The primary finding based on analysis of the HCHS/SOL data was a significant inverse
relationship between SES and MetSyn among Hispanic/Latino adults of diverse ancestry
groups. Multivariate regression analyses revealed that higher income and education, and full-
time employment status versus unemployed status were associated with a 4%, 3%, and 24%
decreased odds of having MetSyn, respectively. It is important to note that the larger OR for
employment status than for income or education is likely due to the employment status
variable being modeled categorically instead of continuously. Moreover, when a latent
variable was examined, SES was associated with 9% decreased odds of having MetSyn. SES
was also significantly associated with all of the MetSyn components except DBP, possibly
because DBP is less responsive than SBP to changes in social (e.g. SES) and behavioral

Int J Behav Med. Author manuscript; available in PMC 2020 July 22.



1duosnuey Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

Khambaty et al.

Page 9

(e.g., exercise) factors [25, 26]. Furthermore, the association of income with MetSyn was
only significant for women and those with current health insurance. Sex and health
insurance were less consistent effect modifiers of the associations between SES and MetSyn
components with no clear patterns. Overall, these findings suggest that the deleterious effect
of low SES exists at the preclinical level for cardiometabolic risk factors that comprise
MetSyn, and further, may partly explain the previously documented associations between
SES and the more distal clinical endpoint of type 2 diabetes.

Almost all prior investigations of the SES-MetSyn association among Hispanics/Latinos are
based on Mexican American samples. Fortunately, there is an emerging literature of studies
conducted using HCHS/SOL data that have investigated the relationship between SES and
cardiometabolic disease outcomes. These studies have quantified the overall prevalence of
MetSyn in the HCHS/SOL cohort by age, sex, and Hispanic/Latino background [5], reported
on the relative contribution of individual MetSyn components towards the overall syndrome
[27, 28], and established an inverse relationship of some SES components with diabetes
[29]. One recent HCHS/SOL study sought to understand whether psychosocial risk (i.e.,
depressive symptoms, social support) and resource (inter and intrapersonal) factors mediated
the association between SES and MetSyn [30]. As hypothesized, the researchers found that
psychosocial risk partly mediated the SES-MetSyn relationship. Notable differences
between this and the current study are a) the use of the smaller HCHS/SOL-Sociocultural
Ancillary Study cohort (N=5,313), the participants of which additionally completed self-
report assessments of psychosocial and sociocultural factors, b) the exclusion of occupation
from their latent SES factor, and c) the examination of MetSyn as three separate latent
variables reflecting blood pressure, lipid, and metabolic factors. The current report extends
the SES-MetSyn literature by creating a latent SES factor comprising all three major proxy
variables, examining this factor’s association with both MetSyn and its individual
components, and finally, investigating whether sociodemographic factors (i.e., sex, health
insurance, sex) modify the SES-MetSyn association. Nevertheless, the primary finding in
this study of an inverse SES-MetSyn association is consistent with the abovementioned
HCHS/SOL studies, and two previous studies conducted among Mexican American men and
women [15, 16]. Interestingly, this inverse association has also been documented in studies
conducted among other minority groups living in the U.S. [10, 11, 16], which may speak to
a similarity in contextual factors related to SES that contribute to this consistent finding.
Taken together with the disproportionately higher rates of diabetes in minority populations
than in Whites in the U.S., and the similar inverse association seen in diabetes incidence and
prevalence, this data may point to the greater need for community- and national- level
interventions over individual-level interventions aimed at improving health related
knowledge and resources.

Also consistent with this study’s results, a stronger SES-MetSyn association has been
previously reported among women than among men [16, 18, 19, 31, 32]. With little known
about whether certain MetSyn components account for these sex differences, this study’s
findings suggest that stronger associations of SES with WC and HDL-C among women than
among men may be responsible. Given that abdominal obesity is a major contributor of
MetSyn among Hispanic/Latino women compared to men [5], it is reasonable that WC
accounts for the sex differences observed. Moreover, studies have documented a stronger
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association of different SES markers with HDL-C levels among women than among men
[18, 19, 31]. Potential reasons for these sex differences are likely multifactorial and
interacting. On reason is the differential relationships of income with health behaviors
among Hispanic women versus men [19]. Among women, higher income may translate into
healthier food choices, while this may not be true for men due to cultural values (e.g.,
fatalism) and gender roles (i.e., Machismo), which are related to negative health behaviors
[33]. In turn, increased consumption of fruits and vegetables, and lower consumption of
processed foods among women would have an effect on both WC and HDL-C, and may
partially explain the associations we observed between these MetSyn components and
income in women but not in men. A second explanation is the association of lower SES with
higher psychosocial stress among Latina women. Income below the poverty threshold in
women has been associated with increased stress and depression [16, 18, 34], which in turn
is related to higher cardiometabolic risk through neuroendocrine perturbations. Altogether,
these findings highlight the clinical relevance of SES for women, and suggest that women
may be disproportionately vulnerable to the effects of low SES on cardiometabolic risk.

A more surprising finding was that the inverse association of income with MetSyn was only
observed among those with current health insurance. A notion that has been previously
postulated is that health insurance buffers the ill effects of lower SES on cardiovascular risk
factors [35]. Despite lower income, having adequate health insurance may be associated
with greater heath literacy [36, 37], access to important preventative health services [38],
opportunity for early diagnosis and treatment, and ultimately, better cardiometabolic health
[29, 39, 40]. However, the results we observed do not lend themselves to the above
interpretation as we found an inverse income-MetSyn association only among individuals
with current health insurance. Thus, a more likely interpretation is that health insurance
serves as a prerequisite without which the cardiometabolic health benefits of a higher SES
are attenuated [41]. That is, in the presence of health insurance, individuals with high
income may have greater protection against cardiometabolic risk than those with lower
income. However, in the absence of current health insurance, the income-related SES
gradient is less relevant for cardiometabolic risk. From a public health standpoint, this
interpretation is concerning because of the percentage of Hispanics/Latinos who do not have
health insurance. Prior to the Affordable Care Act of 2010, the uninsured rate among
Hispanics/Latinos was 29%, a rate that is twice the national average, and much higher than
rates found for non-Hispanic Whites and Blacks [20]. The present analyses indicated that
only 50% of the HCHS/SOL sample reported having health insurance, which is consistent
with the dates of data collection (2008-2011) encompassing the passage of the Affordable
Care Act. Additional studies are needed to tease apart the specific relationships among SES,
health insurance, and MetSyn.

Mechanisms that underlie the inverse SES-MetSyn association have been proposed. Prior
studies indicate that lifestyle/behavioral factors such as physical activity, and diet account
for 33-45% of the effect of SES on diabetes [7, 42]. These factors are also implicated in the
SES-MetSyn association. Low SES is associated with excess nutrient intake, increased
consumption of saturated fats through highly processed foods, and less time spent in leisure
time physical activity [43]. These maladaptive behaviors can promote adiposity and insulin
resistance, a process by which fat, muscle, and liver tissue exhibit reduced glucose uptake,
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consequently increasing glucose levels in the blood stream [2]. This study found significant
consistent effects of both latent SES and all SES proxies on FPG, suggesting potential
initiation of the insulin resistance process. In turn, insulin resistance is a key process
underlying the cardiometabolic abnormalities associated with MetSyn and its trajectory
towards type 2 diabetes [2]. However, as few studies have empirically tested these potential
mechanisms among Hispanic/Latina women, these questions remain important for future
research.

Limitations of this study warrant discussion. First, although the three most common
indicators of SES were included in this study, other indicators like social status were not
examined. However, social status is related to employment, and is likely influenced by
retirement status (i.e., decreases after retirement). Second, because of the cross-sectional
study design, conclusions regarding the directionality of observed relationships cannot be
made, and reverse causality is possible. Third, although a major strength of this data is the
diverse sample of Hispanic/Latinos, HCHS/SOL did not include a non-Hispanic/Latino
cohort. Consequently, obtained results cannot be compared or generalized to non-Hispanic/
Latino populations. Finally, there is a possibility that the latent SES construct is not invariant
across Hispanic/Latino ancestry groups. Measurement invariance in the latent SES variable
was assumed but not tested as no differences were expected in the loadings of the SES
indicators (education, income, and occupation) on the latent variable across groups.

To conclude, this examination of the HCHS/SOL data revealed an inverse association
between SES and MetSyn among Hispanic/Latinos, with income-MetSyn associations only
significant for women and those with health insurance. The latter finding is unexpected and
suggests that current health insurance is a necessary prerequisite after which income
becomes relevant for cardiometabolic risk. More broadly, these findings suggest that the
deleterious effect of low SES exists at both preclinical and clinical levels of diabetes.
Overall, this study contributes to the limited existing knowledge of socioeconomic
disparities in the distribution of MetSyn in the diverse Hispanic/Latino population, and helps
to clarify the relationship between SES and metabolic risk by suggesting stronger
associations of SES with some MetSyn components. Importantly, the study addressed some
major criticisms of previous SES-MetSyn investigations by evaluating a latent SES variable,
and analyzing MetSyn components as continuous rather than dichotomous variables. These
findings highlight the need for additional research to understand the significance of these
relationships for public health policy, as well as the need to address SES related factors,
particularly among Hispanic/Latina women, at both the individual and societal level, through
interventions aimed at improving healthcare access and heath literacy to prevent diabetes in
this underserved population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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