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Abstract

Objective: Metabolic syndrome (MetS) is associated with common mental health conditions. 

Using cross-sectional data from the observational Hispanic Community Health Study / Study of 
Latinos (HCHS/SOL), this study examined the relationship between MetS and depression and 

anxiety in addition to testing moderating effects of gender and Hispanic heritage subgroups.
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Methods: Participants included 13,496 Hispanic Americans aged 18–74 (59% women, mean age 

46.59 ± 13.65) from seven heritage subgroups. Depression was measured using the Center for 

Epidemiologic Studies Depression 10-item scale, and anxiety was assessed using the State-Trait 

Anxiety Inventory 10-item scale. A 3-level categorical variable was developed to assess the 

combined influence of depression and anxiety. The dependent variable is dichotomous, delineating 

the presence or absence of MetS as defined by the National Cholesterol Education Program 

Third Adult Treatment Panel. Logistic regression and Hayes’ PROCESS macro assessed these 

relationships and the moderating effects of gender-heritage subgroups.

Results: Results suggest depression (p< .001) and anxiety (p< .001) were associated with an 

increased likelihood of MetS. Puerto Ricans had the highest, and South Americans had the lowest, 

levels of depression and anxiety. Gender moderated the relationship between mental health and 

MetS, with women having a significant increase in the probability of MetS with depression (p< 

.001), anxiety (p< .001), or both (p< .001).

Conclusion: Elevated symptoms of depression and anxiety are associated with the presence 

of MetS in US Hispanic subgroups. Gender-heritage differences are present among the 

study variables. Strategies to manage psychological well-being must be employed to optimize 

cardiometabolic health in US Hispanics.
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1. Introduction

Metabolic syndrome (MetS) is a cluster of cardiometabolic characteristics that predispose 

an individual to morbidities such as cardiovascular disease (CVD) and type 2 diabetes 

(T2DM). These conditions partly develop from the body’s inflammatory response, which 

degrades endothelial tissue and disrupts metabolic processes such as glucose and fat 

regulation (Lett et al., 2004; Pasquali et al., 2006). Identifying MetS before such chronic 

conditions develop provides a critical opportunity to delay or detour disease by initiating 

pharmacological interventions and promoting healthy behaviors. Expert groups, including 

the World Health Organization, the European Group for the Study of Insulin Resistance, the 

International Diabetes Foundation, and the National Cholesterol Education Program Third 

Adult Treatment Panel (NCEP ATP III), agree that obesity, insulin resistance, dyslipidemia, 

and hypertension are core components of MetS; however, each organization uses different 

clusters to diagnose MetS (Alberti et al., 2006). The NCEP-ATP III, recommended for 

clinical use in the US and therefore used in this study, defines MetS as having three of 

the following five criteria, including elevated fasting blood glucose, hypertension, elevated 

triglycerides, low high-density lipoprotein cholesterol, and increased waist circumference 

(Alberti et al., 2006; Cassells & Haffner, 2006).

Common mental health conditions such as depression and anxiety have been consistently 

linked with MetS and the resultant conditions T2DM and CVD (Lett et al., 2004; 

Moradi et al., 2021; Pan et al., 2012; Renn et al., 2011; Smith et al., 2018; Tang et 

al., 2017). Depression and anxiety are posited to increase the risk for incident MetS via 
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systemic inflammation and dysregulation of the hypothalamic–pituitary–adrenal (HPA) axis 

and the autonomic nervous system, which may lead to increased waist circumference, 

hyperlipidemia, insulin resistance, and cardiac changes (Brunner et al., 2002; Lett et al., 

2004; Van Reedt Dortland et al., 2010). Moreover, depression and anxiety make self-care 

and adopting healthy behaviors difficult, which is essential to prevent or manage MetS. Such 

a behavioral pathway includes poor treatment adherence and an increased likelihood of poor 

diet, smoking, alcohol use, and sedentary behavior (Liu et al., 2017; Young-Hyman et al., 

2017).

US Hispanic/Latino populations (hereafter referred to as Hispanics) face disparities related 

to the development of MetS as a result of complex genetic and cultural factors, in addition 

to structural and societal determinants of health such as poverty and access to care (Aguayo-

Mazzucato et al., 2019). When compared to other non-Hispanic populations, Hispanics in 

the US typically have higher obesity rates, dyslipidemia, elevated blood pressure, and a 

greater propensity toward glucose dysregulation, all contributing to MetS prevalence rate 

(Allison et al., 2008; Burroughs Peña et al., 2018; Heiss et al., 2014). These conditions 

impart devastating consequences, with CVD and T2DM among the top five leading causes 

of death among US Hispanics (Mozaffarian et al., 2016). From 2011–2016, MetS prevalence 

in the US was similar among Hispanics (36.3%) and non-Hispanic Whites (36.0%) and 

was not significantly different across gender; yet the prevalence increased most among 

young adults ages 20–39, women, and Hispanics (Hirode & Wong, 2020). Among American 

adults in the age ranges of 18–29 and 50–69, Mexican American men and women also 

demonstrated higher MetS prevalence relative to their non-Hispanic White and non-Hispanic 

Black counterparts (Moore et al., 2017). This finding was further corroborated with data 

from the National Health and Nutrition Examination Survey (NHANES). Between 1999–

2018, certain US adult subgroups had a significant upward trend in MetS prevalence, with 

40.64% of Mexican Americans meeting NCEP-ATP III criteria for MetS by 2018 (Yang et 

al., 2022).

Hispanics have a high prevalence of lifestyle and psychological risk factors that may 

contribute to MetS development and progression. Yet, the association between MetS and 

mental health in such communities is sorely understudied. In a recent US national opt-in 

survey, Hispanic adults report having 59% more depressive symptoms than non-Hispanic 

Whites during the early months of the COVID-19 pandemic, associated in part with higher 

levels of psychosocial stressors related to social determinants of health (McKnight-Eily 

et al., 2021). Hispanic men and women who report depression and anxiety symptoms 

are associated with increased CVD risk (Castañeda et al., 2015). However, data suggest 

differences in the link between mental health and cardiometabolic disease among Hispanic 

subgroups. Elevated stress levels independently predicted risk for MetS in Mexicans and 

Puerto Ricans but not for Dominicans, Central, or South Americans (Ortiz et al., 2015). 

Finally, although understudied in Hispanic samples, gender differences and inconsistencies 

in the relationship between MetS and mental health suggest the need for further study. 

Compared to men with similar symptomatology, women with depressive and anxiety 

symptoms are at an increased risk of developing MetS (Butnoriene et al., 2015; Kim et 

al., 2015).
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Disaggregated data on Hispanic subgroups are essential to comprehend and potentially 

prevent or better manage the differences in health outcomes among individuals from 

diverse Hispanic backgrounds (Daviglus et al., 2012). Data from the National Center for 

Health Statistics indicated that each Hispanic subgroup, including Mexicans and Cubans, 

had higher reports of severe psychological distress than all non-Hispanic persons; Puerto 

Rican adults were almost twice as likely as Central and South Americans to have 

severe psychological distress (Lucas et al., 2016). Racial/ethnic discrimination, nativity, 

immigration status, English proficiency, length of time living in the US, family cultural 

conflict, and processes of racialization contribute to poor mental health conditions in 

Hispanics (Figuereo & Calvo, 2022). One study indicated that Hispanics born in the US 

had higher anxiety and depression than those who had immigrated to the US, suggesting that 

foreign nativity may have a protective influence against psychiatric disorders (Alegría et al., 

2008). Similarly, Cook et al. (2009) found that Hispanic individuals living in the US for ten 

years or longer had a higher risk of psychiatric disorders such as depression than those who 

recently immigrated.

Our understanding of the association between mental health and chronic illness among US 

Hispanics is limited, in part because there have been few attempts to disaggregate this 

heterogeneous population into distinct heritage subgroups. Current literature often overlooks 

this heterogeneity by examining Mexican Americans only, including small percentages 

of Hispanics, or by not specifying heritage background, lumping all Hispanics into one 

category (Heiss et al., 2014; Sorlie et al., 2010). This study examined the relationship 

between MetS and mental health conditions among diverse Hispanic gender-heritage 

subgroups to begin to better understand these disparities. Gender-heritage differences among 

study variables were evaluated to describe the mental health characteristics of this sample. 

Early detection and treatment of depression and anxiety may detour or decrease the severity 

of MetS and its sequelae. Lifestyle factors, such as tobacco smoking, alcohol use, and 

physical activity can impact the relationship between mental health and MetS; therefore, 

they are included in the analysis. These aims guided the following hypotheses. Hypothesis 
1: Depression and anxiety will be associated with MetS, controlling for age, gender, and 

Hispanic heritage subgroup membership, smoking, alcohol use, physical activity, whether 

US-born, and years lived in the US. Hypothesis 2: Gender and Hispanic heritage group 

membership will moderate the association between mental health (depression and anxiety) 

and MetS, controlling for age, smoking, alcohol use, physical activity, whether US-born, and 

years lived in the US.

2. Methods

The current study follows the Strengthening the Reporting of Observations Studies in 

Epidemiology (STROBE) guidelines for reporting observational studies (von Elm et 

al., 2007). Secondary analysis of cross-sectional data from the observational Hispanic 
Community Health Study / Study of Latinos (HCHS/SOL) examined the above hypotheses.
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2.1 Participants

2.1.1 The Larger Sample: HCHS/SOL—The HCHS/SOL is a multicenter, 

community-based cohort study representing 16,415 individuals who self-identified as 

Hispanic/Latino, aged 18–74 years, and lived in four US communities (the Bronx, Chicago, 

Miami, or San Diego). Participants were recruited using a two-staged randomization process 

of geographically clustered blocks and households within each block. Individuals within 

the selected households that agreed to participate underwent a physical exam, blood draw, 

and answered questionnaires in English or Spanish. The first visit was conducted from 

2008–2011; the second from 2014–2017; the third and final visit is currently in process. 

All participants provided written consent. The other details about the sample design and 

participant selection have been previously described (Sorlie et al., 2010).

2.1.2 The Current Study Sample—The data from the first visit were used for 

the current study. Inclusion criteria for this sample included participants with available 

data that differentiated them into MetS categories, including known medication history, 

anthropometric measurements, fasting blood draw, and blood pressure measurements. 

Participants excluded were those who did not complete the two-part psychological well-

being survey, those with missing data required to classify them into the MetS categories, and 

those with missing gender identification. Sociodemographic and clinical characteristics of 

the current study sample (N = 13,496) are presented in Table 1.

2.2 Measurements

2.2.1 Metabolic Syndrome—The primary outcome was the absence or presence of 

MetS, based on the NCEP-ATP III criteria. MetS is defined as having three of the following 

five criteria, including elevated fasting blood glucose (≥ 100 mg/dL), hypertension (blood 

pressure ≥ 130 mmHg systolic and ≥ 85 mmHg diastolic), elevated triglycerides (≥ 150 

mg/dL), low high-density lipoprotein cholesterol (< 40 mg/dL for men and < 50 mg/dL for 

women), and increased waist circumference (> 102 cm or 40.2 inches in men and > 88 cm 

or 34.6 inches in women. Based on these criteria, participants were assigned to one of two 

groups using a dichotomous variable of 1 = no MetS (having two or fewer of the qualifying 

criteria) or 2 = presence of MetS. The group without MetS was used as the reference group.

2.2.2 Depression and Anxiety—The HCHS/SOL assessed mental health via two 10-

item questionnaires that were available in English, Spanish, and could be read aloud to 

the participant (LaVange et al., 2010). The Center for Epidemiologic Studies Depression 

10-item (CESD-10) scale has a possible total score ranging from 0–30, with higher scores 

indicating more significant depressive symptoms during the past week (Radloff, 1977). 

Participants responded to the ten items using a 4-point Likert scale [0 = rarely or none of the 
time (<1 day), 1 = some or a little of the time (1–2 days), 2 = occasionally or a moderate 
amount of time (3–4 days), and 3 = all of the time (5–7 days)]. Of the ten items, two were 

reverse coded. If one or two items were missing, the CESD-10 score equals the weighted 

average of the response items. An example of an item is: I was bothered by things that 
usually don’t bother me. The CESD-10 summary score was used as a continuous variable 

to indicate depression. The CESD-10 has been validated across age, gender, and race; high 

internal consistency has been reported, with an average Cronbach’s α coefficient between 
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.85 to .90 and test-retest reliability across Hispanic subgroups with Pearson’s correlations 

from r = .42 to r = .78 (González, P. et al., 2017). The internal consistency in a subsample of 

the HCHS/SOL was α = 0.82 (Camacho et al., 2015).

The State-Trait Anxiety Inventory (STAI) is a tool used to measure transient and enduring 

anxiety levels (Spielberger et al., 1983). Internal consistency coefficients for the STAI range 

from .86 to .95 with test-retest reliability coefficients ranging from .65 to .89 (American 

Psychological Association, 2011). The HCSC/SOL used an abbreviated version of the STAI 

by selecting 10 items (STAI-10). Participants respond to each item of the STAI-10 using a 

4- point Likert scale to describe how they generally feel (1 = almost never, 2 = sometimes, 

3 = often, and 4 = always). An example of an item is: I feel nervous and restless. Of 

the ten items, three were reverse coded. If one or two items were missing, the STAI-10 

equals the weighted average of the response items. STAI-10 total scores were a continuous 

variable ranging from 10–40, with higher scores indicating greater anxiety. The STAI has 

a coefficient α reliability estimate of .80 in Spanish and .84 in English (Castañeda et al., 

2015). The internal consistency in a subsample of the HCHS/SOL was α = 0.81 (Camacho 

et al., 2015).

In addition to these individual scales for depression and anxiety, we also created a new 

3-level categorical variable to address the multicollinearity of the continuous CESD-10 and 

STAI-10 scores and capture concurrent depression and anxiety (1 = concurrent depression 

and anxiety, 2 = either depression or anxiety, 3 = neither). Previous research informed the 

cut-off scores for depression and anxiety (Björgvinsson et al., 2013; Zsido et al., 2020). A 

score of ten or higher on the CESD-10 was suggestive of depression; a score of 23 or higher 

suggested anxiety.

2.2.3 Other Factors—The covariates included in these analyses were cigarette-pack 

years, alcohol consumption level, physical activity level, age (in years), whether US born, 

and total years lived in the US, exclusive of territories. These variables were all collected 

by the HCSC/SOL using self-report questionnaires. To measure cigarette pack-years, we 

created a 3-level categorical variable (0 = zero years; 1 = > 0 and < 10 years; 2 = 10+ 

years). Pack-years are the total number of years smoked, multiplied by the average number 

of cigarettes smoked per day, and then divided by twenty. To measure alcohol consumption, 

a 3-level categorical variable, delineated by the National Institute on Alcohol Abuse and 
Alcoholism, was used [0 = no current use, 1 = low level use (females = < 7 drinks/

week, males = < 14 drinks/week) 2 = high level use (females, = 7+ drinks/week, males 

= 14+ drinks/week)]. Physical activity was collected using the Global Physical Activity 
Questionnaire (including activity from work, transportation, and leisure time) and delineated 

into a 3-categorical variable (0 = low, 1 = moderate, 2 = high).

Dichotomous variables included gender (0 = women; 1= men) and whether the participant 

was born in the US (0 = not US-born, 1 = US-born), excluding US territories. Heritage 

subgroups were measured using a 7-level categorical variable (0 = Dominican, 1 = Central 

American, 2 = Cuban, 3 = Puerto Rican, 4 = South American, 5 = multiple or other Hispanic 

heritage, 6 = Mexican). Mexicans were selected as the reference group due to their large 

sample size and because they are the most common Hispanic heritage subgroup in the US 
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and represented in the literature. Education and income were also considered covariates but 

were not used in the final analyses as they were nonsignificant and did not alter the model 

results (results not shown).

2.3 Statistical Analyses

All data analyses were conducted using IBM SPSS software (version 28). Frequencies 

and percentages were obtained for categorical variables; mean and standard deviations 

were obtained for continuous variables. Gender-heritage differences were evaluated for 

each study variable. Chi-square tests assessed differences in MetS. Independent t-tests and 

one-way analysis of variance (ANOVA) models evaluated group differences in age, years 

lived in the US, and depression and anxiety scale scores. Post hoc analysis confirmed 

group differences. The Games-Howell procedure was employed due to unequal population 

variances in heritage background.

Logistic regression tested Hypothesis 1. CESD-10 scores and STAI-10 scores were tested 

separately. Due to the multicollinearity of the mental health variables, they were not added 

to the model simultaneously during the initial analysis. Instead, we further tested the overall 

association of mental health with MetS using the combined categorical variable (mental 
health status: 1 = concurrent depression and anxiety, 2 = either depression or anxiety, 3 

= neither). Lifestyle variables of smoking, alcohol use, and physical activity, along with 

demographic variables of age, gender, Hispanic group heritage, US-born, and years lived in 

the US, were added to each model. Unadjusted parameter estimates were also obtained for 

all predictor variables. Adding depression, anxiety, and mental health status to the analytical 

model significantly improved the goodness of fit over the null model (results not shown). 

The analytical models including depression, anxiety, and mental health status have a receiver 

operating characteristic (ROC) curve of .70, .70, and .70, respectively. The current study 

sample size (N = 13,496) provided an observed 99% power to detect an association at the 

.05 alpha level for each logistic regression analysis. PROCESS macro for SPSS, version 

4.1, Model 2 tested Hypothesis 2 (Hayes, 2013). Two-way interactions were assessed to 

determine whether gender and heritage subgroup membership moderated the effects of the 

mental health variables and MetS, controlling for demographic variables.

3. Results

3.1 Sociodemographic Characteristics of the Study Sample

Descriptive statistics for the study sample are presented in Table 1. The participants 

were 13,496 Hispanic Americans aged 18–74 (59% women, mean age 46.59 ± 13.65) 

self-identifying in one of seven distinct heritage subgroups. Gender and Hispanic heritage 

subgroup differences among age, years lived in the US, depression and anxiety scores, and 

MetS are presented in Table 2. Women had significantly higher depression, p < .001, and 

anxiety, p < .001, and MetS, p < .001, than men. One-way ANOVAs revealed heritage 

subgroup differences among age, p < .001; years lived in the US, p < .001; depression, p 
< .001; and anxiety scores, p < .001 (Table 2). Post hoc analyses using the Games-Howell 

procedure indicated that the mean depression scores (M = 9.15, SD = 6.56) and anxiety 

scores (M = 18.56, SD = 6.39) were significantly higher for Puerto Ricans than any other 
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heritage group. Puerto Ricans also had the highest prevalence of MetS (45%) compared to 

South Americans (31%).

3.2 Hypothesis 1: Mental Health Symptoms Associated with MetS in Hispanic Subgroups

Depression (OR = 1.01, p < .001) and anxiety (OR = 1.01, p < .001) were each associated 

with the presence of MetS (Table 3). Table 4 presents additional analysis using the 

categorical mental health status variable. In this model, concurrent depression and anxiety 

were significantly associated with MetS (OR = 1.30, p < .001).

Gender, heritage subgroup, age, alcohol use, cigarette pack years, activity level, whether 

US-born, and years lived in the US were added to the model as covariates (Table 3). 

Compared to men, women were more likely to be classified as having MetS in both the 

model including depression (OR = 1.09, p = .04) and anxiety (OR = 1.10, p = .03). 

Compared to Mexicans, Dominicans and South Americans were less likely to evidence an 

association between depression (OR = 0.80, p = .002, OR = 0.65, p < .001) and anxiety (OR 
= 0.81, p = .004, OR = 0.66, p < .001), respectively, with MetS. US-born and years lived 

in the US were not significant in either model. The covariate results in the mental health 

status and MetS analyses were similar, as presented in Table 4. Univariate logistic regression 

analysis of the presence or absence of MetS in mental health conditions and other factors are 

presented in Table 5.

3.3 Hypothesis 2: Moderation Analysis in Hispanic Subgroups

Using the PROCESS macro, a two-way interaction between each gender and heritage 

subgroup membership and each CESD-10, STAI-10, and the 3-level mental health status 

variable were added to the logistic regression models. Moderation effects were identified 

for gender in the relationship between depression and MetS [R2 = .19, F(18, 13,415) = 

172.60, p < .001] and anxiety and MetS [R2 = .19, F(18, 13,415) = 171.95, p < .001]. 

Moderation analysis conducted with the mental health status variable also demonstrated 

significant results for gender, moderating the relationship between mental health status and 

MetS [R2 = .19, F(26, 13,407) = 120.25, p < .001]. As presented in Figure 2, women with 

higher CESD-10 or higher STAI-10 scores had a stronger association with MetS than men. 

Women who had either depression or anxiety, or a combination of both, also had a stronger 

association with MetS. Heritage subgroup moderation results were not significant. Complete 

results from Hypothesis 2 analyses were not presented as the significance of CESD-10, 

STAI-10, and the mental health status variables were unchanged after the interaction terms 

were added to the logistic regression.

4. Discussion

The current study examined the association of depression and anxiety and MetS, as well 

as the association between overall mental health (depression and anxiety combined) with 

MetS among US Hispanic subgroups. In addition, this study assessed potential gender-

heritage subgroup moderation of these relationships. Hypothesis 1 was partially supported 

in that higher depression and anxiety scores were each associated with an increased 

cardiometabolic risk as evidenced by the presence of MetS. The combined presence of 
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depression and anxiety was similarly associated with MetS. These findings suggest an 

association between mental health and physical health across diverse Hispanic subgroups.

These findings are consistent with other studies identifying an association between mental 

health conditions and MetS (Pan et al., 2012; Shinkov et al., 2018; Tang et al., 2017). 

Previous data suggests that inactivity, tobacco smoking, alcohol abuse, and poor diet quality 

are associated with depression in the US and could compound metabolic risk associated 

with depression (Castañeda et al., 2015; Goldbacher et al., 2009; Liu et al., 2017). Although 

the association between anxiety and MetS is inconsistent in the literature, accumulating 

evidence supports this connection (Tang et al., 2017). Concurrent depression and anxiety 

results were each associated with the presence of MetS. The presence of both depression 

and anxiety increased the likelihood of someone being classifies as having MetS (OR = 

1.30, risk ratio = 1.10). Similar to depression, anxiety is associated with HPA dysregulation 

and inflammation, which are known to be significant contributors in the development of 

MetS (Pasquali et al., 2006; Powers et al., 2016). Further, medications used to treat anxiety 

and depression have adverse effects including weight gain, dyslipidemia, and glucose 

dysregulation compounding the risk and progression of MetS (Corruble et al., 2015; Van 

Reedt Dortland et al., 2010).

Hypothesis 2 was partially supported in that gender moderated the relationship between 

mental health status and MetS. Gender moderation on the association of depression, anxiety, 

and concurrent depression and anxiety with MetS demonstrates that as the burden of 

mental health symptoms increase, the likelihood of MetS increases more sharply in women 

than in men. These results underscore the relationship between depression and anxiety on 

physiologic health in women. Although depression and anxiety are associated with MetS in 

studies of men (Powers et al., 2016; Shinkov et al., 2018), previous findings largely support 

the increased physiologic impact of depression and anxiety in women (Butnoriene et al., 

2015; Goldbacher et al., 2009; Kim et al., 2015; Shinkov et al., 2018). MetS, depression, and 

anxiety were predictors of greater 10-year mortality in women but not in men (Butnoriene et 

al., 2015). Taken together, these findings emphasize psychological and behavioral health as 

a critical component of holistic, or whole person health (National Center for Complementary 

and Integrative Health, 2021). Best practices use a biopsychosocial perspective to assess and 

conceptualize interplay between various medical, psychological, and sociocultural factors, 

such as the link between mental health and MetS, in patients or research participants. 

The corresponding movement towards integrated primary care (Funderburk et al., 2021) is 

pivotal in assessing and addressing behavioral and psychological contributions to physical 

health. Likewise, a newer ―reverse integrated care‖ model is emerging that situates primary 

care in traditionally specialized mental health care settings (Maragakis et al., 2016). Both 

models acknowledge the link between mental (e.g., depression, anxiety) and physical (e.g., 

MetS) health.

Despite our findings of a moderating effect by gender, the rest of Hypothesis 2 was 

not supported in that Hispanic heritage subgroup membership did not moderate these 

relationships. The lack of moderation by heritage subgroups could indicate the uniform 

relevance of mental health on MetS across the subgroups or that the other demographic 

variables (e.g., ethnic differences within these nationalities) in the model covaried with 
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depression and anxiety. Although the heritage subgroup moderation results were not 

significant, Puerto Ricans had the highest mean scores of both depression and anxiety scores 

among all Hispanic heritage subgroups. Supporting a similar pattern, according to national 

survey data, Puerto Ricans had the highest prevalence of 12-month and lifetime major 

depression among various US heritage groups, including non-Hispanic Whites, African 

Americans, Chinese, Mexican Americans, Cubans, and Black Caribbeans (González et 

al., 2010). Understanding such differences among Hispanic subgroups deserves further 

attention. Various factors, such as the psychological consequences of US colonization in 

Puerto Rico (Capielo Rosario et al., 2019) to the cultural syndrome of ataque de nervios, an 

expression of distress among Hispanic subgroups that is similar to anxiety or panic (Moitra 

et al., 2018), may play a significant role in the prevalence of anxiety symptomatology among 

Hispanic individuals in comparison to non-Hispanic Whites. Conversely, South Americans 

had the lowest mean scores of depression and anxiety and a significantly lower risk of being 

in each of the MetS subgroups. Further research is warranted to investigate protective factors 

among diverse heritage subgroups.

Health promotion implications derived from our findings include physiological, 

psychological, and sociocultural components. Lifestyle interventions aimed at the reduction 

of MetS-related risk factors include reduction of smoking and heavy alcohol use, promotion 

of a healthy diet, increased physical activity, and weight reduction (Allison et al., 

2008; Daviglus et al., 2012). Recent guidelines from the American Diabetes Association 

recommend individualized nutrition counseling to promote potentially beneficial diet 

patterns, including Mediterranean-style, low-carbohydrate eating, the dietary approaches 

to stop hypertension (DASH) diet, and plant-based diets, as well as 150 minutes/week of 

moderate-intensity workouts to prevent or delay T2DM (ElSayed et al., 2023). Behavioral 

interventions and pharmacological adherence can aid in the reduction of lipid levels, blood 

pressure, and glycemic control. Cognitive behavioral therapy and other evidence-based 

psychotherapies can help manage or reduce symptoms of depression and anxiety while 

improving quality of life and well-being; indeed, managing these psychological symptoms 

may help improve physical health and support health behavioral change, such as exercise 

(Lu et al., 2021). However, engaging a patient in health behavior change necessitates 

clinicians consider complex social determinants of individual health.

Reducing the incidence and prevalence of MetS may be more complex for Latina 

women than for other patient groups as they face unique barriers in seeking care and 

maintaining health in the US. There is limited data on the most effective and culturally-

responsive health promotion strategies for Hispanic women. Care providers must assess and 

understand cultural practices and strengths that can best support whole-person health for 

this underserved and vulnerable population. Inclusion of sociocultural practices and values–

such as centering familism (familisimo), personal relationships (personalismo), respect 

(respecto), and kindness (simpatia; Garcia, 2016) in care–may promote adherence to health 

promotion strategies and optimize health. One way to support Latinas is to support their 

agency and encourage acculturation into Western healthcare in a way that they direct; for 

example, integrating components of the new culture while maintaining traditions from their 

own culture, which has been shown to promote psychological well-being (Buckingham & 
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Suarez-Pedraza, 2019). Folk practices, herbal remedies, and other alternative therapies can 

often be safely integrated into conventional treatments (Juckett, 2013).

5. Study Limitations and Directions for Future Research

This study used a cross-sectional design, created from the HCHS/SOL’s first phase in 

an observational cohort from four urban centers across the US. This design permits 

inferences of association but not directionality, prediction, and causality. Potential recall 

or other response bias may be a limitation in this study, as the questionnaires were 

all self-reported. This cohort is not from a nationally representative sample, nor does it 

explore rural populations with distinct psychological and health care needs; therefore, these 

findings cannot be translated across US communities. Rather, the selected communities are 

diverse, with high concentrations of Hispanic subgroups yielding the opportunity to explore 

cardiometabolic risk factors with significant breadth (Sorlie et al., 2010). The data used 

for this study is from the initial phase of HCHS/SOL data collection (2008–2011). While 

dated, it is still the most recent data to fill the knowledge gap of the relationship between 

mental health conditions and MetS among Hispanic/Latino heritage subgroups in the US. 

While prevalence estimates of specific conditions may vary, there is no indication that the 

pathophysiology of mental health conditions and their relationship to MetS change over 

time. However, it builds on the extant literature by exploring granularity in US Hispanic 

heritage subgroups. Recommendations for future research include longitudinal design with 

subsequent visits of the HCHS-SOL study to examine the direction of influence and 

causation.

This study is limited to discussing the relationships of current mental health status and 

MetS in Hispanic populations, as we did not assess the effect of psychiatric medication 

and biological markers. Prospective studies are needed to confirm the potential causal 

effect of depression and anxiety on the development of MetS. Investigating MetS-related 

and psychiatric medication use could be essential for future research in understanding 

the pathophysiological overlap between MetS and mental health. Finally, the concept of 

acculturation includes lifestyle and attitudinal changes due to living in a non-native culture; 

it is one potential cultural determinant of health that also requires examination while 

investigating disease patterns. However, variables to adequately describe acculturation were 

not available in this dataset. Further investigation of the influence of acculturation on 

psychological symptoms and health outcomes is recommended.

6. Conclusion

In summary, increased depression and anxiety are associated with MetS in US Hispanic 

gender-heritage subgroups and there are significant gender differences in these associations. 

Hispanic women with depression, anxiety, or both, face a higher likelihood of MetS 

compared to Hispanic men. Puerto Ricans had the highest levels of depression and anxiety, 

whereas South Americans had the lowest levels in each category. Concurrent depression 

and anxiety increase the likelihood of MetS. Early detection and treatment of depression 

and anxiety may decrease the severity of MetS and its sequelae. These findings necessitate 
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initiating and reinforcing health-promoting behavioral interventions to reduce depression 

and anxiety and promote cardiometabolic health in US Hispanic populations.
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Highlights

• Anxiety increases the likelihood of metabolic syndrome (MetS) in Hispanic 

subgroups

• Depression increases the likelihood of MetS in Hispanic subgroups

• Gender moderates the relationship between mental health conditions and 

MetS

Richard et al. Page 17

Psychoneuroendocrinology. Author manuscript; available in PMC 2024 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Moderation Effect of Gender on MetS and Mental Health Status
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Table 1

Sample Sociodemographic and Clinical Characteristics for the Total Study Sample

Variable n (%) or M (SD) Median IQR

Age 45.95 (13.94) 48.00 20.00

Years lived in US 22.52 (15.35) 20.00 22.00

Gender

 Women 7,990 (59)

 Men 5,506 (41)

Hispanic heritage subgroup

 Mexican 4.984 (37)

 Puerto Rican 2,313 (17)

 Cuban 2,156 (16)

 Central American 1,454 (11)

 Dominican 1,238 (9)

 South American 895 (7)

 ME/O 431 (3)

US-born

 Not US-born (50 US states) 11,074 (82)

 US-bom (50 US states) 2,410 (18)

Education

 No HS or GED 4,326 (32)

 At most HS or GED 2,965 (22)

 Greater than HS or GED 4,290 (32)

Income

 Less than 10,000 1,662 (12)

 10,001–20,000 3,450 (26)

 20,001–40,000 3,554 (26)

 40,001–75,000 1,430 (11)

 More than 75,000 477 (4)

Cigarette pack years

 0 years 8,105 (60)

 >0 <10 years 2,838 (21)

 10+ years 2,260 (17)

Alcohol use

 None 7,042 (52)

 Low level use 5,735 (43)

 High level use 711 (5)

Physical activity

 Low activity 6,053 (45)

 Moderate activity 5,945 (44)

 High activity 1,449 (11)

Metabolic Syndrome
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Variable n (%) or M (SD) Median IQR

 Yes 5,230 (39)

 No 8,266 (61)

CESD-10 7.38 (6.17) 6.00 8.00

STAI-10 17.26 (5.88) 16.00 9.00

Mental health status

 Depression and anxiety 1,970 (15)

 Depression or anxiety 2,570 (19)

 Neither 8,956 (66)

Note. N = 13,496. The proportion of missing data was pack years (2%), education (14%), and income (22%), <1% for all other variables. ME/O 
= multiple or other Hispanic ethnicities, US = United States, referring to 50 states and Washington, DC, exclusive of territories, HS = high school, 
GED = general education degree. CESD-10 = Center for Epidemiologic Studies Depression 10-item scale; STAI-10 = State-Trait Anxiety Inventory 
10-item scale.

Psychoneuroendocrinology. Author manuscript; available in PMC 2024 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Richard et al. Page 21

Table 2

Gender and Heritage Differences in the absence or presence of MetS

Variable Age Years lived in US CESD-10 STAI-10 MetS n (%)

M (SD) P 
value

M (SD) P 
value

M (SD) P 
value

M (SD) P 
value

Yes No P 
value

Gender

 Women 46.59 
(13.65)

<.001 22.32 
(15.41)

.41 8.26 
(6.54)

<.001 18.02 
(6.20)

<.001 3,273 
(41)

4,717 
(59)

<.001

 Men 45.02 
(14.28)

22.81 
(15.25)

6.11 
(5.34)

16.20 
(5.22)

1,957 
(36)

3,549 
(64)

Hispanic heritage subgroup

 Dominican 45.15 
(14.46) <.001 18.79 

(11.38) <.001 7.35 
(6.12) <.001 17.08 

(5.65) <.001 417 (34) 821 (66) <.001

 C. 
American

44.61 
(13.36)

16.31 
(10.50)

7.11 
(6.08)

16.69 
(5.66)

554 (38) 900 (62)

 Cuban 49.02 
(13.11)

14.27 
(13.07)

7.48 
(6.74)

16.71 
(5.97)

925 (43) 1,231 
(57)

 Mexican 44.68 
(13.80)

22.81 
(14.15)

6.69 
(5.60)

17.24 
(5.64)

1,880 
(38)

3,104 
(62)

 Puerto 
Rican

48.18 
(14.14)

37.36 
(14.72)

9.15 
(6.56)

18.56 
(6.39)

1,030 
(45)

1,283 
(55)

 S. 
American

46.41 
(13.33)

15.86 
(11.20)

6.67 
(5.92)

16.44 
(5.62)

273 (31) 622 (69)

ME/O 39.15 
(14.97)

26.09 
(15.02)

7.67 
(6.31)

17.13 
(5.75)

142 (33) 289 (67)

Note. N = 13,496. CESD-10 = Center for Epidemiologic Studies Depression 10-item scale; STAI-10 = State-Trait Anxiety Inventory 10-item 
scale. C. American = Central American, S. American = South American, ME/O = Multiple or more than one Hispanic heritage. MetS = metabolic 
syndrome. Gender differences were tested with Independent t-tests; heritage subgroup differences were tested with one-way ANOVA. Gender and 
heritage differences were tested with Chi-square tests.
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Table 3

Binary Logistic Regression Analysis of the Presence or Absence of MetS for those with Depression and 

Anxiety Separately

Variable Depression Anxiety

B (SE) Wald X2 OR (95%) P value B (SE) Wald X2 OR (95%) P value

Depression .01 (.00) 13.94 1.01 (1.01-1.02) <.001 -- -- --

Anxiety -- -- -- .01 (.00) 13.61 1.01 (1.01–1.02) < .001

Age .05 (.00) 722.62 1.05 (1.05–1.06) <.001 .05 (.00) 729.59 1.05 (1.05–1.06) < .001

Years lived in US .00 (.00) .28 1.00 (.99–1.00) .59 .01 (.00) .39 1.00 (.99–1.01) .53

Gender (Reference group: men)

 Women .09 (.04) 4.05 1.09 (1.00–1.19) .04 .09 (.04) 4.57 1.10 (1.01–1.19) .03

Heritage background (Reference group: Mexican)

 Dominican −.22 (.07) 9.15 .80 (.70–.93) .002 −.21 (.07) 8.36 .81 (.70–.94) .004

 C. American .01 (.07) .01 1.01 (.88–1.15) .93 .02 (.07) .07 1.02 (.89–1.16) .79

 Cuban −.01 (.06) .07 .99 (.84–1.11) .80 .00 (.06) .00 1.00 (.89–1.13) .99

 Puerto Rican .05 (.06) .56 1.05 (.93–1.18) .46 .06 (.06) .83 1.06 (.94–1.19) .36

 S. American −.43 (.08) 25.41 .65 (.55–.77) < .001 −.41 (.08) 24.10 .66 (.56–.78) < .001

 ME/O .02 (.12) .02 1.02 (.80–1.29) .83 .03 (.12) .07 1.03 (.82–1.31) .79

Alcohol Use (Reference group: no use)

 Low level use −.26 39.91 .77 (.71–84) < .001 −.26 (.04) 39.83 .77 (.71–84) < .001

 High level use −.09 (.09) 1.03 .91 (.76–1.09) .31 −.09 (.09) 1.00 .91 (.76-1.09) .32

Cigarette Pack Years (Reference group: none)

 > 0, < 10 years .07 1.81 1.07 (.97–1.18) .18 .07 (.05) 1.98 1.07 (.97–1.18) .16

 10+ years .07 (.06) 1.80 1.08 (.97–1.20) .18 .07 (.06) 1.86 1.08 (.97–1.20) .17

Activity (Reference group: low level activity)

 Moderate level −.20 (.04) 24.62 .82 (.75–.89) < .001 −.20 (.04) 24.54 .82 (.75–.89) < .001

 High level −.27 (.07) 14.90 .76 (.66–.87) < .001 −.27 (.04) 14.43 .77 (.67–.88) < .001

US-born (Reference group: born in US)

 Not US-born −.09 (.07) 1.45 .92 (.80–1.05) .23 −.08 (.07) 1.41 .92 (.80–1.06) .24

Note. N = 13,496. MetS = metabolic syndrome, C. American = Central American, S. American = South American, ME/O = Multiple or more than 
one Hispanic heritage. Reference group for the dependent variable is no MetS.
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Table 4

Binary Logistic Regression Analysis of the Presence or Absence of MetS in Mental Health Conditions

Variable B (SE) Wald x2 OR (95%) p value

Mental Health Status (Reference group: neither)

 Depression and anxiety .27 (.06) 22.80 1.30 (1.17–1.45) < .001

 Depression or anxiety .06 (.05) 1.39 1.06 (.96–1.17) .24

Age .05 (.00) 724.56 1.05 (1.05–1.06) < .001

Years lived in US .00 (.00) .26 1.00 (.99–1.00) .61

Gender (Reference group: men)

 Women .09 (.04) 3.99 1.09 (1.00–1.19) .046

Hispanic heritage subgroup (Reference group: Mexican)

 Dominican −.22 (.07) 8.73 .81 (.70-.93) .003

 C. American .01 (.07) .02 1.01 (.89–1.15) .88

 Cuban −.01 (.06) .03 .99 (.88–1.11) .86

 Puerto Rican .05 (.06) .55 1.05 (.93–1.18) .46

 S. American −.42 (.08) 25.26 .65 (.56–.77) < .001

 ME/O −.02 (.12) .03 1.02 (.81–1.29) .87

Alcohol Use (Reference group: no use)

 Low level use −.26 (.04) 38.98 .77 (.71–84) < .001

 High Level use −.10 (.09) 1.07 .91 (.76–1.09) .30

Cigarette Pack Years (Reference group: none)

 > 0, < 10 years .07 (.05) 1.76 1.07 (.97–1.18) .19

 10+ years .07 (.06) 1.07 1.07 (.96–1.19) .20

Activity (Reference group: low level activity)

 Moderate Activity −.20 (.04) 24.35 .82 (.76–.89) < .001

 High Activity −.27 (.07) 14.63 .76 (.67–.88) < .001

US-born (Reference group: born in the US)

 Not born in US −.09 (.07) 1.54 .92 (.80–1.05) .22

Note. N = 13,496. MetS = metabolic syndrome. C. American = Central American, S. American = South American, ME/O = Multiple or more than 
one Hispanic heritage. Reference group for the dependent variable is no MetS.
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Table 5

Univariate Logistic Regression Analysis of the Presence or Absence of MetS in Mental Health Conditions and 

Other Factors

Variable B (SE) Wald x2 OR (95%) p value

Depression .02 (.00) 64.26 1.02 (1.02–1.03) < .001

Anxiety .02 (.00) 26.29 1.02 (1.01–1.02) < .001

Mental health status (Reference group: neither)

 Depression and anxiety .40 (.05) 64.76 1.50 (1.36–1.65) < .001

 Depression or anxiety .21 (.05) 21.13 1.23 (1.13–1.35) < .001

 Age .05 (.00) 1299.42 1.06 (1.05–1.06) < .001

 Years lived in US .02 (.00) 257.12 1.02 (1.02–1.02) < .001

Gender (Reference group: men)

 Women .23 (.04) 40.30 1.26 (1.17–1.35) < .001

Hispanic heritage subgroup (Reference group: Mexican)

 Dominican −.18 (.07) 6.93 .84 (.74–.96) .008

 C. American .02 (.06) .07 1.02 (.90–1.15) .79

 Cuban .22 (.05) 16.92 1.24 (1.12–1.38) < .001

 Puerto Rican .28 (.05) 30.49 1.33 (1.20–1.47) < .001

 S. American −.32 (.08) 16.93 .73 (.62–.85) < .001

 ME/O −.21 (.11) 3.85 .81 (.66–1.00) .050

Alcohol Use (Reference group: no use)

 Low level use −.44 (.04) 143.90 .64 (.60–.69) < .001

 High Level use −.38 (.09) 21.48 .68 (.58–.80) < .001

Cigarette Pack Years (Reference group: none)

 > 0, < 10 years .01 (.05) .02 1.00 (.92–1.10) .90

 10+ years .47 (.05) 93.80 1.59 (1.45–1.75) < .001

Activity (Reference group: low level activity)

 Moderate Activity −.35 (.04) 86.83 .71 (.45–.58) < .001

 High Activity −.68 (.06) 112.68 .51 (.66–.76) < .001

US-born (Reference group: born in the US)

 Not born in US .45 (.05) 85.17 1.56 (1.42–1.72) < .001

Note. N = 13,496. MetS = metabolic syndrome. C. American = Central American, S. American = South American, ME/O = Multiple or more than 
one Hispanic heritage. Reference group for the dependent variable is no MetS.
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