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Abstract

Introduction—We examine the prevalence of depression and obesity, and metabolic syndrome, 

in a population-based cohort of Mexican Americans living on the US/Mexico border.

Methods—We analyzed extensive clinical and laboratory data from 1798 Mexican Americans 

aged 35 to 64 years. Depression was measured using the Center for Epidemiological Studies –

Depression (CES-D) scale. Weighted data were analyzed to establish prevalence of obesity, 

metabolic syndrome and Depression. Univariate and multivariate weighted regression models were 

used to test potential associations between these disorders.

Results—Using weighted prevalence methods, we found high rates of obesity (51%) metabolic 

syndrome (46%) and depression (29%). The most consistent risk for depression was associated 

with female gender. Metabolic syndrome was not associated with depression; however we found 

significant increased risk for two subcomponents, Low HDL and increased waist circumference. 

Severe obesity was significantly associated with both mild and severe depression.

Conclusions—In this large population-based sample of Mexican-Americans, we observed 

significant associations between obesity related biomarkers and depression that may be targets for 

public health interventions.

The prevalence of obesity in the US has reached epidemic proportions affecting over 30% of 

the adult population over the age of 18 1, 2. Worldwide, obesity has a tremendous economic 

burden 3, 4 with roughly $147 billion dollars in costs attributed to obesity and related health 

conditions annually 5. In addition to the economic burden to society, there is extensive 

evidence linking obesity to poor physical outcomes in particular cardiovascular disease, 

hypertension, stroke, obstructive sleep apnea, and type-2 diabetes 3. Obesity is also a 

contributor to metabolic syndrome 6 which is a clustering of major cardiovascular risk 

factors that include a constellation of atherogenic dyslipidemias, elevated blood pressure, 
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increased waist circumference and elevated glucose 7. In terms of mental health, obesity and 

metabolic syndrome have been associated with poorer outcomes particularly in regards to 

depression 3, 8–10

The significant but modest association between obesity and depression has been replicated 

in many studies 9, 11. A meta-analyses of cross sectional community studies revealed an 

odds ratio of 1.18 (95% CI 1.01–1.37)11 and a meta-analyses of longitudinal studies 

estimated the odds ration to be 1.58 (95% CI 1.33–1.87). The mechanisms for the co-

occurrence of these disorders is complex with proposed biological components such adipose 

induced inflammation 12, 13, Hypothalamic-Pituitary- Adrenal (HPA) alterations 14 and 

psychosocial factors such as stigma and low self esteem 15 all identified as potential 

contributors.

Hispanics now comprise the largest ethnic-minority group residing in the United States 

accounting for 15% of the population and over 46 million people 16, with depression as the 

most common mental illness in this ethnic group 17–19. Existing studies suggest that obesity 

and depression are highly prevalent among Hispanic populations 20, 21, 22. Within Latino/

Hispanic populations, Mexican-Americans (MA), who number over 31 million, are the 

largest single subgroup and the fastest growing ethnic group in the U.S. with a 54% increase 

between 2000 and 2010 16. Alarmingly, recent reports of MA populations estimate the 

prevalence of obesity to be between 50%–70% 1, 23, 24. With the increased prevalence of 

obesity, it is not surprising that obesity related sequelae such as cardiovascular disease 25–27 

diabetes 28–30 and metabolic syndrome have also been shown to be significantly more 

prevalent in MA populations 31. Given that depression has been associated separately with 

obesity 9 and metabolic syndrome10, examining the link between depression and obesity and 

metabolic syndrome in Mexican-Americans may have significant public health implications 

and provide a potential target for intervention.

Herein we examine the prevalence of depression and obesity, and metabolic syndrome, in a 

randomly selected population-based cohort of 1,798 Mexican Americans living on the US/

Mexico border as part of a larger Cameron County Hispanic Cohort: (CCHC) 24. Within the 

whole cohort (n= 2583), we have observed the prevalence of obesity (48.5%)24, and 

metabolic syndrome (43%)27, 31 occurring at epidemic proportions and linked with a host of 

other health conditions.

Study population

These participants were recruited between the years 2004–2010, as part of the CCHC 24. 

Subjects were selected with stratified two-stage random sampling based on the 2000 census 

tract data in the city of Brownsville, Texas, situated on the US–Mexico border. This cohort is 

predominantly Mexican-American (>98%). Willing participants completed a comprehensive 

questionnaire regarding basic demographic information, medical history, medication use, 

and social and family history as described previously 24. Our sample is predominantly 

female n = 1181 (66%) with a mean age of 44.3 (±15.40) that does not differ between 

genders.
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Depression was measured using the Center for Epidemiological Studies –Depression (CES-

D) a 20-item scale developed for epidemiologic studies of depressive symptoms in the 

general population with a cutoff score of ≥ 16 being suggestive of depression 32. Consistent 

with prior studies 33, we further classified individuals as mildly depressed if their CES-D 

score was 16–26, and severely depressed if their score was ≥ 27. As described previously 24, 

body mass index (BMI) for each subject was calculated based on measured height and 

weight with their shoes removed by using a portable electronic scale and recorded to the 

nearest 0.2 kg and height measured to the nearest 0.2 cm by using a stadiometer. We 

categorized BMI scores as obese (≥30 kg/m2) and later subdivided the obese subjects as 

mildly obese (≥30 – 39 kg/m2) and severely obese (BMI ≥40 kg/m2). Metabolic syndrome 

was defined using the American Heart Association definition 7, which requires the presence 

of at least three of the following: elevated waist circumference, ≥ 102 cm or 40 inches for 

men or ≥ 88 cm or 35 inches for women; elevated triglycerides ≥150 mg/dl; reduced High 

density lipoprotein (HDL) cholesterol ≤ 40 mg/dl for men or, 50 mg/dl for women; elevated 

blood pressure ≥ 130/85 mm Hg or use of medication for hypertension; and elevated fasting 

glucose ≥ 100 mg/dl. Blood samples were taken and aliquots immediately stored at −70°C 

for a range of clinical and experimental assays. Blood glucose measurement was performed 

on site and stored specimens were sent in batches to a CLIA approved clinical laboratory for 

clinical chemistries. All participants provided written informed consent and this study has 

been approved by the Institutional Review Board of the University of Texas Health Science 

Center at Houston.

Statistical analysis

From the original cohort of 2,583 subjects, 1,798 had complete data and were included in 

this study. These 1,798 subjects did not differ from the original cohort in terms of age and 

gender status. To correct the imbalance of the sampling ratios of genders and age groups, 

and to adjust the sample to population scale, we incorporated age and gender adjusted 

sampling weights into our analysis as fully described previously 24. In addition to the 

sampling weights adjustments, in the analysis we took into account the potential clustering 

(correlated data) among subjects within the same household and subjects within the same 

census blocks. All analyses were performed using SAS version 9.1 (SAS Institute, Inc, Cary, 

North Carolina) and Stata 10 SE (StataCorp LP, College Station, Texas), with adjustments in 

the respective statistical packages for sampling design. For descriptive purposes, 

demographic and clinical characteristics were analyzed using chi-square and F-tests for 

categorical and continuous variables across the depression strata. Data are presented as 

weighted means (SE) for continuous variables and as frequencies and unweighted and 

weighted percentages for categorical variables. Univariate analysis with weighted logistic 

regression was performed in order to examine obesity, cholesterol and metabolic syndrome 

and demographic characteristics and estimate the odds ratios depression compared to non-

depressed subjects. The variables that had a statistically significant effect at < 0.05 level in 

the univariate analyses were examined in multivariable logistic regression model. Given that 

prior work has noted gender differences in regards to metabolic outcomes 31, 34, and 

depression 35 we explored the potential effects of these variables separately for males and 

females. In addition, we focused on cases with more severe clinical presentation as this may 
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reduce heterogeneity and has been a useful strategy in biomarker research 36–38. We 

therefore used a similar analytic strategy to further explore severe obesity and severe 

depression as our phenotypes.

Results

Using weighted prevalence methods, half of our total sample (52%) was obese. We further 

classified 44% of the sample as mildly obese and 7% as severely obese with BMI ≥ 40. We 

also found 46% of these subjects met criteria for metabolic syndrome. For depression, 29% 

of the sample had CES-D scores in the clinically significant range ≥ 16 with 15% classified 

as mildly depressed (CES-D scores 16–26), and 14% severely depressed (CES-D scores ≥ 

27) (See Table 1).

Comparing our measures in the sample by gender also found significantly higher mean 

CESD depression scores in females (F1, 1052 = 27.61, p< 0.0001). We also found a 

significantly higher percentage of females with depression (34.4%) (F1, 1052 = 13.21, p= 

0.0003 using a weighted analysis. There was no statistical significant difference of mean 

BMI or percentage metabolic syndrome between females and males, however more males 

had elevated triglycerides (51.2%) (F1, 1052 = 9.12, p= 0.0026), more males had elevated 

glucose (50.9%) (F1, 1052 = 8.87, p= 0.003), and more females had low HDL (60%)((F1, 1052 

= 19.8, p<0.0001), and increased waist circumference (78.5%) (F 1, 1052 = 25.76, p<0.0001) 

(see Table 1).

Using separate weighted univariate logistic regression we examined the broad CES-D cutoff 

for Depression (CESD score ≥ 16) for age, gender, obesity, cholesterol, metabolic syndrome 

and it subcomponents. We found that higher risk for depression was associated with female 

gender (OR=2.28; 95%CI 1.46– 3.56) as seen in Table 2. When we examined the 

subcomponents of metabolic syndrome separately, low HDL (OR=1.64; 95%CI1.34–2.01) 

and increased waist circumference (OR=1.63; 95%CI 1.05–2.53) had significantly higher 

odd’s ratios for depression (Table 2) and these remained significant when adjusting for age 

(Table 2 Model 2). In a Multivariate analyses including age, gender, low HDL, and waist 

circumference, only the higher odds ratio for depression by female gender (OR=2.03; 

95%CI 1.34–3.10) remained significant (Table 2, Model 3). No significant statistical 

interaction between the variables was found.

Using a similar strategy in multivariate multivariable weighted logistic regression we 

explored potential associations between our extreme phenotypes including moderate (CESD 

score ≥ 16 < 27) and severe depression (CESD score ≥ 27) as well as mild obesity (BMI 

score ≥ 30 < 40) and severe obesity (BMI score ≥ 40). In these analyses we found significant 

associations for female gender as a predictor of mild (OR = 1.79; 95% CI 1.17–2.73) and 

severe depression (OR = 3.09; 95% CI 1.29 –7.36) which remained significant when 

controlling for age (as seen in Table 3, Models 1 and 2). In these analyses severe obesity was 

also a significant predictor of mild (OR = 2.31; 95% CI 1.34 – 4.01) and severe depression 

(OR = 2.68; 95% CI 1.47 – 4.89) (as seen in Table 3, Models 1 and 2). Although metabolic 

syndrome was not a predictor of depression, when we examined the subcomponents of 

metabolic syndrome separately, low HDL (OR = 1.61; 95% CI 1.08 – 2.38) and increased 
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waist circumference (OR = 1.68; 95% CI 1.10 –2.56) had significantly elevated odd’s ratios 

for mild depression and these same factors remained unchanged when adjusting for age 

(Table 3). We then including these risk factors in a multivariate model however we excluded 

increased waist circumference as 99% of our severely obese subjects also had elevated waist 

circumference. This strategy revealed female gender (OR = 2.89; 95% CI 1.46–5.74), being 

severely obese (OR = 2.31; 95% CI 1.26–4.25), and having low HDL (OR = 1.50; 95% CI 

1.00–2.26), were all significantly associated with increased risk for severe depression (see 

Table 3).

Examining significant factors separately by gender revealed that severe obesity (OR = 2.79; 

95% CI 1.40–5.54), and increased waist circumference (OR = 2.11; 95% CI 1.11–4.01), 

were statistically significant for females as predictors of severe depression, and severe 

obesity (OR = 2.91; 95% CI 1.53–5.52), and Low HDL (OR = 1.60; 95% CI 1.02–2.49), 

were significant as predictors for mild depression in females. For males no single variable 

significantly predicted mild or severe depression.

Discussion

In this large randomly selected population-based sample of Mexican-Americans, we 

observed an alarmingly high prevalence of depression (29 %) and putative risk factors, of 

obesity (51%), and metabolic syndrome (45%). These prevalence rates are all greater than 

national estimates of depression (9%) 39, obesity (33%) 1 and metabolic syndrome (22%) 40 

suggesting a particular vulnerability in our cohort.

Our most consistent finding that females were observed to have higher levels of depression 

regardless of the cutoff used, is in line with a large body of depression literature 35, 41, 42. 

The explanation for increased depression in women seems to be multi-factorial with puberty 

and associated sex hormone changes 43 as well as stress-reactivity, thyroid hormones, pre-

existing anxiety, response styles and stress associated with gender roles as possible 

contributing factors 35.

As noted by prior studies obesity and increased waist circumference were also noted as risk 

factors for depression 44–47. In our cohort these anthropomorphic findings were especially 

noteworthy when we examined severe depression and were largely driven by severely obese 

females. Our findings mirror other studies that note women 11, 20, 48 with severe obesity 
20, 48 are at particularly high risk for depression. Although not significant in our sample, the 

relationship between metabolic syndrome and depression has been reported to be stronger in 

women 49, 50.

Given the common co-occurrence of obesity and depression, a causal relationship between 

these disorders can be difficult to untangle 11, 51. In a study of the temporal relationship 

between obesity and depression, depressed subjects who were not obese at baseline were not 

more likely to become obese than were non-depressed subjects, however obese subjects 

without baseline depression, were twice as likely to develop depression during the 5-year 

period compared to non-obese subjects 46 suggesting obesity precedes depressive symptoms. 

However recent meta-analytic studies examining longitudinal studies find the relationship 
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between obesity and depression to be bidirectional 52. For example eight studies found 

obesity at baseline increased the risk of onset of depression at follow-up (OR=1.55; 95% CI 

1.22–1.98) and nine studies found depression increased the odds for developing obesity 

(OR= 1.58; 95% CI, 1.33–1.87) 52. One putative mechanism for the relationship between 

obesity and depression is the secretion by adipocytes of adipocytokines such as(Interleukin 

(IL)-1b, IL-6, IL-8, IL-10, TNF-a, TGF-b,) resulting in a state of chronic low level 

inflammation in obese subjects 12. These pro-inflammatory cytokines cross the blood brain 

barrier and can directly influence brain physiology which may contribute directly to the 

development of depressive symptoms 12, 1353. Conversely, the HPA axis activation seen in 

depression marked by increased cortisol 54 may induce abdominal obesity 55. Additionally 

we recently reported significant but negative genetic correlations between BMI and cortical 

and subcortical regions suggesting the same genetic factors that increase BMI could lead to 

decreases in brain anatomy 56.

Although Metabolic syndrome was not a significant predictor of depression in our sample 

two subcomponents of metabolic syndrome Low HDL and increased waist circumference 

were. Low HDL is known for its associated cardiovascular risk 57, 58 and it has also been 

linked with depression 59, 60. Of interest low HDL’s purported cardiovascular risk effects are 

believed to be due to a loss of the anti-inflammatory and antioxidative properties of HDL-C 
58, 61. This mechanism is consistent with the hypothesis linking increased inflammatory 

markers to depression 12, 53, 62, and may account our findings associating depression with 

low HDL.

The ramifications of obesity are major public health issues in America. Lifestyle changes 

such a healthy diet and increased physical activity are the accepted interventions for 

addressing obesity 63, and are reported to have beneficial effects in decreasing depressive 

symptoms 64. However promoting a healthy diet and increased physical activity is difficult 
65 and will require a concerted effort across multiple domains. These will include altering 

environmental factors that promote unhealthy food, improved healthcare approaches, 

government policies, and improved access to environments for physical activity 6663. The 

cohort described above with increased obesity, metabolic syndrome, and depression may be 

particularly vulnerable as they are of lower SES, and few have medical coverage 24 and thus 

unmet medical needs 27. Given that there is considerable evidence of inadequate mental 

health care needs in Mexican Americans 67, 68 addressing these issues may be daunting 

requiring a comprehensive, adaptable community oriented design 69.

This study is cross sectional in nature therefore cannot address the issues of causality or 

directionality. This cohort also consisted primarily of women, was of lower SES and the 

majority (70%) preferred to respond in Spanish which raises issues of acculturation, and 

gender that were not the primary focus of this study. Although depression was not the 

primary focus of this study, the CES-D is a well accepted measure of depressive symptoms 

in a population32, 70, however it does not follow strict DSM criteria, cannot establish 

chronicity and number of episodes and does not account for confounding or co-morbid 

psychiatric conditions. Despite these limitations the breadth and sample size of this study 

allow for exploration based on gender, and multiple risk factors such as severe depression 
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and marked obesity that provide further insight as to the relationship between physical and 

mental disorders.

Acknowledgments

Funding Source

This work was supported by MD000170 P20 funded from the National Center on Minority Health and Health 
disparities (NCMHD), and the Centers for Clinical and Translational Science Award UL1 TR000371 from the 
National Center for Research Resources (NCRR). Washington DC, USA

We thank our cohort recruitment team, particularly Rocio Uribe and Julie Ramirez-Gomez. We also thank Marcela 
Montemayor for her contribution, Gloria Sanchez and Pablo Sanchez for our database management and Christina 
Villarreal for administrative support. We thank Valley Baptist Medical Center, Brownsville for providing us space 
for our Center for Clinical and Translational Science Clinical Research Unit. We finally thank the community of 
Brownsville and the participants who so willingly participated in this study in their city.

References

1. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in obesity among US adults, 
1999–2008. JAMA. 2010 Jan 20; 303(3):235–241. [PubMed: 20071471] 

2. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity in the United States, 2009–2010. 
NCHS Data Brief. 2012 Jan.(82):1–8.

3. Dixon JB. The effect of obesity on health outcomes. Mol Cell Endocrinol. 2010 Mar 25; 316(2):
104–108. [PubMed: 19628019] 

4. Withrow D, Alter DA. The economic burden of obesity worldwide: a systematic review of the direct 
costs of obesity. Obes Rev. 2011 Feb; 12(2):131–141. [PubMed: 20122135] 

5. Finkelstein EA, Trogdon JG, Cohen JW, Dietz W. Annual medical spending attributable to obesity: 
payer-and service-specific estimates. Health Aff (Millwood). 2009 Sep-Oct;28(5):w822–831. 
[PubMed: 19635784] 

6. Grundy SM. What is the contribution of obesity to the metabolic syndrome? Endocrinol Metab Clin 
North Am. 2004 Jun; 33(2):267–282. table of contents. [PubMed: 15158519] 

7. Grundy SM, Brewer HB Jr, Cleeman JI, Smith SC Jr, Lenfant C. Definition of metabolic syndrome: 
report of the National Heart, Lung, and Blood Institute/American Heart Association conference on 
scientific issues related to definition. Arterioscler Thromb Vasc Biol. 2004 Feb; 24(2):e13–18. 
[PubMed: 14766739] 

8. Dong C, Sanchez LE, Price RA. Relationship of obesity to depression: a family-based study. Int J 
Obes Relat Metab Disord. 2004; 28(6):790–795. [PubMed: 15024401] 

9. Atlantis E, Baker M. Obesity effects on depression: systematic review of epidemiological studies. 
Int J Obes (Lond). 2008 Jun; 32(6):881–891. [PubMed: 18414420] 

10. Pan A, Keum N, Okereke OI, et al. Bidirectional association between depression and metabolic 
syndrome: a systematic review and meta-analysis of epidemiological studies. Diabetes Care. 2012 
May; 35(5):1171–1180. [PubMed: 22517938] 

11. de Wit L, Luppino F, van Straten A, Penninx B, Zitman F, Cuijpers P. Depression and obesity: a 
meta-analysis of community-based studies. Psychiatry Res. 2010 Jul 30; 178(2):230–235. 
[PubMed: 20462641] 

12. Dowlati Y, Herrmann N, Swardfager W, et al. A meta-analysis of cytokines in major depression. 
Biol Psychiatry. 2010 Mar 1; 67(5):446–457. [PubMed: 20015486] 

13. Capuron L, Miller AH. Immune system to brain signaling: neuropsychopharmacological 
implications. Pharmacology and Therapeutics. 2011; 130(2):226–238. [PubMed: 21334376] 

14. Soczynska JK, Kennedy SH, Woldeyohannes HO, et al. Mood disorders and obesity: understanding 
inflammation as a pathophysiological nexus. Neuromolecular Med. 2011 Jun; 13(2):93–116. 
[PubMed: 21165712] 

Olvera et al. Page 7

J Clin Psychiatry. Author manuscript; available in PMC 2018 March 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



15. Friedman KE, Reichmann SK, Costanzo PR, Zelli A, Ashmore JA, Musante GJ. Weight 
stigmatization and ideological beliefs: relation to psychological functioning in obese adults. Obes 
Res. 2005 May; 13(5):907–916. [PubMed: 15919845] 

16. Ennis, SR., Rios-Vargas, M., Albert, NG. 2010 Census Briefs. United States Census Bureau; 2011. 
The Hispanic Population: 2010; p. 1-3.

17. Ortega AN, Feldman JM, Canino G, Steinman K, Alegria M. Co-occurrence of mental and 
physical illness in US Latinos. Soc Psychiatry Psychiatr Epidemiol. 2006; 41(12):927–934. 
[PubMed: 17013767] 

18. Alegria M, Mulvaney-Day N, Torres M, Polo A, Cao Z, Canino G. Prevalence of psychiatric 
disorders across Latino subgroups in the United States. American Journal of Public Health. 2007; 
97(1):68–75. [PubMed: 17138910] 

19. Gonzalez HM, Tarraf W, West BT, et al. Antidepressant use in a nationally representative sample of 
community-dwelling US Latinos with and without depressive and anxiety disorders. Depress 
Anxiety. 2009; 26(7):674–681. [PubMed: 19306305] 

20. Onyike CU, Crum RM, Lee HB, Lyketsos CG, Eaton WW. Is obesity associated with major 
depression? Results from the Third National Health and Nutrition Examination Survey. Am J 
Epidemiol. 2003; 158(12):1139–1147. [PubMed: 14652298] 

21. Belue R, Francis LA, Colaco B. Mental health problems and overweight in a nationally 
representative sample of adolescents: effects of race and ethnicity. Pediatrics. 2009; 123(2):697–
702. [PubMed: 19171640] 

22. Boutin-Foster C, Rodriguez A. Psychosocial correlates of overweight or obese status in Latino 
adults with coronary artery disease. J Immigr Minor Health. 2009; 11(5):359–365. [PubMed: 
18612825] 

23. Hedley AA, Ogden CL, Johnson CL, Carroll MD, Curtin LR, Flegal KM. Prevalence of overweight 
and obesity among US children, adolescents, and adults, 1999–2002. JAMA. 2004 Jun 16; 
291(23):2847–2850. [PubMed: 15199035] 

24. Fisher-Hoch SP, Rentfro AR, Salinas JJ, et al. Socioeconomic status and prevalence of obesity and 
diabetes in a Mexican American community, Cameron County, Texas, 2004–2007. Prev Chronic 
Dis. 2010 May.7(3):A53. [PubMed: 20394692] 

25. CDC. Center for Disease Control and Prevention. Heart disease facts and statistics. 2012. 

26. Laing ST, Smulevitz B, Vatcheva KP, et al. High Prevalence of Subclinical Atherosclerosis by 
Carotid Ultrasound among Mexican Americans: Discordance with 10-Year Risk Assessment using 
the Framingham Risk Score. Echocardiography. 2012 Jul 2.

27. Fisher-Hoch SP, Vatcheva KP, Laing ST, et al. Missed opportunities for diagnosis and treatment of 
diabetes, hypertension, and hypercholesterolemia in a mexican american population, cameron 
county Hispanic cohort, 2003–2008. Prev Chronic Dis. 2012; 9:E135.

28. Hunt KJ, Lehman DM, Arya R, et al. Genome-wide linkage analyses of type 2 diabetes in Mexican 
Americans: the San Antonio Family Diabetes/Gallbladder Study. Diabetes. 2005 Sep; 54(9):2655–
2662. [PubMed: 16123354] 

29. Rentfro AR, Nino JC, Pones RM, et al. Adiposity, biological markers of disease, and insulin 
resistance in Mexican American adolescents, 2004–2005. Prev Chronic Dis. 2011 Mar.8(2):A40. 
[PubMed: 21324254] 

30. Mirza S, Hossain M, Mathews C, et al. Type 2-diabetes is associated with elevated levels of TNF-
alpha, IL-6 and adiponectin and low levels of leptin in a population of Mexican Americans: a 
cross-sectional study. Cytokine. 2012 Jan; 57(1):136–142. [PubMed: 22035595] 

31. Pan JJ, Qu HQ, Rentfro A, McCormick JB, Fisher-Hoch SP, Fallon MB. Prevalence of metabolic 
syndrome and risks of abnormal serum alanine aminotransferase in Hispanics: a population-based 
study. PLoS One. 2011; 6(6):e21515. [PubMed: 21720553] 

32. Radloff LS. The CES-D Scale: A self-report depression scale for research in the general 
population. Applied Psychological Measures. 1977; 1:385.

33. Zich JM, Attkisson CC, Greenfield TK. Screening for depression in primary care clinics: the CES-
D and the BDI. Int J Psychiatry Med. 1990; 20(3):259–277. [PubMed: 2265888] 

34. Geer EB, Shen W. Gender differences in insulin resistance, body composition, and energy balance. 
Gend Med. 2009; 6(Suppl 1):60–75. [PubMed: 19318219] 

Olvera et al. Page 8

J Clin Psychiatry. Author manuscript; available in PMC 2018 March 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



35. Kuehner C. Gender differences in unipolar depression: an update of epidemiological findings and 
possible explanations. Acta psychiatrica Scandinavica. 2003 Sep; 108(3):163–174. [PubMed: 
12890270] 

36. Levinson DF, Evgrafov OV, Knowles JA, et al. Genetics of recurrent early-onset major depression 
(GenRED): significant linkage on chromosome 15q25-q26 after fine mapping with single 
nucleotide polymorphism markers. American Journal of Psychiatry. 2007; 164(2):259–264. 
[PubMed: 17267788] 

37. Olvera RL, Bearden CE, Velligan DI, et al. Common genetic influences on depression, alcohol, and 
substance use disorders in Mexican-American families. Am J Med GenetB Neuropsychiatr Genet. 
2011; 156(5):561–568.

38. Glahn DC, Curran JE, Winkler AM, et al. High dimensional endophenotype ranking in the search 
for major depression risk genes. Biol Psychiatry. 2012 Jan 1; 71(1):6–14. [PubMed: 21982424] 

39. Strine TW, Mokdad AH, Balluz LS, et al. Depression and anxiety in the United States: findings 
from the 2006 Behavioral Risk Factor Surveillance System. Psychiatr Serv. 2008; 59(12):1383–
1390. [PubMed: 19033164] 

40. Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among US adults: findings 
from the third National Health and Nutrition Examination Survey. JAMA. 2002 Jan 16; 287(3):
356–359. [PubMed: 11790215] 

41. Kessler RC, McGonagle KA, Swartz M, Blazer DG, Nelson CB. Sex and depression in the 
National Comorbidity Survey. I: Lifetime prevalence, chronicity and recurrence. J Affect Disord. 
1993 Oct-Nov;29(2–3):85–96. [PubMed: 8300981] 

42. Weissman MM, Bland RC, Canino GJ, et al. Cross-national epidemiology of major depression and 
bipolar disorder. JAMA. 1996 Jul 24–31; 276(4):293–299. [PubMed: 8656541] 

43. Naninck EF, Lucassen PJ, Bakker J. Sex differences in adolescent depression: do sex hormones 
determine vulnerability? J Neuroendocrinol. 2011 May; 23(5):383–392. [PubMed: 21418338] 

44. Roberts RE, Kaplan GA, Shema SJ, Strawbridge WJ. Are the obese at greater risk for depression? 
Am J Epidemiol. 2000 Jul 15; 152(2):163–170. [PubMed: 10909953] 

45. Roberts RE, Strawbridge WJ, Deleger S, Kaplan GA. Are the fat more jolly? Ann Behav Med. 
2002 Summer;24(3):169–180. [PubMed: 12173674] 

46. Roberts RE, Deleger S, Strawbridge WJ, Kaplan GA. Prospective association between obesity and 
depression: evidence from the Alameda County Study. Int J Obes Relat Metab Disord. 2003 Apr; 
27(4):514–521. [PubMed: 12664085] 

47. Herva A, Laitinen J, Miettunen J, et al. Obesity and depression: results from the longitudinal 
Northern Finland 1966 Birth Cohort Study. Int J Obes (Lond). 2006 Mar; 30(3):520–527. 
[PubMed: 16302014] 

48. Ma J, Xiao L. Obesity and depression in US women: results from the 2005–2006 National Health 
and Nutritional Examination Survey. Obesity (Silver Spring). 2010 Feb; 18(2):347–353. [PubMed: 
19590500] 

49. Toker S, Shirom A, Melamed S. Depression and the metabolic syndrome: gender-dependent 
associations. Depress Anxiety. 2008; 25(8):661–669. [PubMed: 17941099] 

50. Kinder LS, Carnethon MR, Palaniappan LP, King AC, Fortmann SP. Depression and the metabolic 
syndrome in young adults: findings from the Third National Health and Nutrition Examination 
Survey. Psychosom Med. 2004 May-Jun;66(3):316–322. [PubMed: 15184689] 

51. Farmer A, Korszun A, Owen MJ, et al. Medical disorders in people with recurrent depression. Br J 
Psychiatry. 2008 May; 192(5):351–355. [PubMed: 18450658] 

52. Luppino FS, de Wit LM, Bouvy PF, et al. Overweight, obesity, and depression: a systematic review 
and meta-analysis of longitudinal studies. Arch Gen Psychiatry. 2010 Mar; 67(3):220–229. 
[PubMed: 20194822] 

53. Raison CL, Miller AH. Is depression an inflammatory disorder? Curr Psychiatry Rep. 2011 Dec; 
13(6):467–475. [PubMed: 21927805] 

54. Sachar EJ, Puig-Antich J, Ryan ND, et al. Three tests of cortisol secretion in adult endogenous 
depressives. Acta Psychiatr Scand. 1985; 71:1–8. [PubMed: 3969837] 

55. Bjorntorp P. Do stress reactions cause abdominal obesity and comorbidities? Obes Rev. 2001 May; 
2(2):73–86. [PubMed: 12119665] 

Olvera et al. Page 9

J Clin Psychiatry. Author manuscript; available in PMC 2018 March 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



56. Curran JE, McKay DR, Winkler AM, et al. Identification of pleiotropic genetic effects on obesity 
and brain anatomy. Human heredity. 2013; 75(2–4):136–143. [PubMed: 24081229] 

57. Barter P, Gotto AM, LaRosa JC, et al. HDL cholesterol, very low levels of LDL cholesterol, and 
cardiovascular events. N Engl J Med. 2007 Sep 27; 357(13):1301–1310. [PubMed: 17898099] 

58. Barter PJ, Puranik R, Rye KA. New insights into the role of HDL as an anti-inflammatory agent in 
the prevention of cardiovascular disease. Current cardiology reports. 2007 Nov; 9(6):493–498. 
[PubMed: 17999875] 

59. Lehto SM, Hintikka J, Niskanen L, et al. Low HDL cholesterol associates with major depression in 
a sample with a 7-year history of depressive symptoms. Prog Neuropsychopharmacol Biol 
Psychiatry. 2008 Aug 1; 32(6):1557–1561. [PubMed: 18583011] 

60. Dunbar JA, Reddy P, Davis-Lameloise N, et al. Depression: an important comorbidity with 
metabolic syndrome in a general population. Diabetes Care. 2008 Dec; 31(12):2368–2373. 
[PubMed: 18835951] 

61. Anantharamaiah GM, Mishra VK, Garber DW, et al. Structural requirements for antioxidative and 
anti-inflammatory properties of apolipoprotein A-I mimetic peptides. J Lipid Res. 2007 Sep; 
48(9):1915–1923. [PubMed: 17570869] 

62. Howren MB, Lamkin DM, Suls J. Associations of depression with C-reactive protein, IL-1, and 
IL-6: a meta-analysis. Psychosom Med. 2009 Feb; 71(2):171–186. [PubMed: 19188531] 

63. Novak NL, Brownell KD. Obesity: a public health approach. Psychiatr Clin North Am. 2011 Dec; 
34(4):895–909. [PubMed: 22098812] 

64. Daley A. Exercise and depression: a review of reviews. J Clin Psychol Med Settings. 2008 Jun; 
15(2):140–147. [PubMed: 19104978] 

65. Brownell KD. The humbling experience of treating obesity: Should we persist or desist? Behav 
Res Ther. 2010 Aug; 48(8):717–719. [PubMed: 20691330] 

66. Gearhardt AN, Bragg MA, Pearl RL, Schvey NA, Roberto CA, Brownell KD. Obesity and public 
policy. Annu Rev Clin Psychol. 2012; 8:405–430. [PubMed: 22224839] 

67. Lagomasino IT, Dwight-Johnson M, Miranda J, et al. Disparities in depression treatment for 
Latinos and site of care. Psychiatr Serv. 2005; 56(12):1517–1523. [PubMed: 16339612] 

68. Gonzalez HM, Vega WA, Williams DR, Tarraf W, West BT, Neighbors HW. Depression care in the 
United States: too little for too few. Archives of General Psychiatry. 2010; 67(1):37–46. [PubMed: 
20048221] 

69. Cohen SJIM. Border Health Strategic Initiative: Overview and Introduction to a Community-based 
Model for Diabetes Prevention and Control. Prev Chronic Dis. 2005; 2(1)

70. Lewinsohn PM, Seeley JR, Roberts RE, Allen NB. Center for Epidemiologic Studies Depression 
Scale (CES-D) as a screening instrument for depression among community-residing older adults. 
Psychol Aging. 1997 Jun; 12(2):277–287. [PubMed: 9189988] 

Olvera et al. Page 10

J Clin Psychiatry. Author manuscript; available in PMC 2018 March 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Olvera et al. Page 11

Table 1

Demographic and Clinical Variables by Gender represented by weighted means and their SE for continuous 

variables and Unweighted frequencies with unweighted and weighted percentages for categorical variables.

Female
n=1181

Male
n=617

Total (%)
n=1798

Age 44.30 (0.74) 41.52 (1.23) 43.33 (0.69)

BMI 30.84 (0.36) 31.09 (0.32) 30.93 (0.26)

CESD score 14.01 (0.67) *** 8.75 (0.76) 12.18 (0.52)

Obese: BMI ≥30 630 (53.3%) 300 (48.6%) 930 (51.7%)

Weighted % (49.3%) (54.4%) (51.1%)

 Subcategories

 BMI ≥30–39 519 (43.9%) 258 (41.8%) 777 (43.2%)

Weighted % (40.7%) (49.5%) (43.7%)

 BMI ≥40 111 (9.4%) 42 (6.8%) 153 (8.5%)

Weighted % (8.7%) (4.9%) (7.3%)

Metabolic Syndrome 552 (46.7%) 260 (42.1%) 812 (45.2%)

Weighted % (46.9%) (42.8%) (45.5%)

Sub components

 Hypertension 260 (22.0%) 155 (25.1%) 415 (23.1%)

 Weighted % (21.3%) (27.1%) (23.3%)

 Elevated Triglycerides 418 (35.3%) 311 (50.4%) 729(40.5%)

 Weighted % (37.9%) (51.2%)** (42.5%)

 Elevated Glucose 486 (41.1%) 314 (51.0%) 800 (44.4%)

 Weighted % (38.9%) (50.9%)** (43.1%)

 Low HDL 708(60.0%) 251(41.0%) 959 (53.3%)

 Weighted % (60.6%)** (41.7%) (54.1%)

 Waist Circumference 957 (81.0%) 340(55.1%) 1297(72.1%)

 Weighted % (78.5%)*** (57.8%) (71.4%)

Depression 418 (35.4%) 116(18.8%) 534(29.7%)

 Weighted % (34.4%)*** (18.8%) (28.9%)

 Subcategories

 Mild 218 (18.5%) 80 (13.0%) 298 (16.6%)

 Weighted % (16.7%) (11.6%) (14.9%)

 Severe 200 (16.9%) 36 (5.8%) 236 (13.1%)

 Weighted % (17.7%) (7.11%) (14.0%)

*
≤ 0.05,

**
≤ 0.01,

***
≤ 0.001,
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Table 2

Weighted Odds Ratios a and 95%CI for Depression and Selected Risk Factors

Risk Factors Unadjusted OR (95% CI) Model 2 Adjusted for age (95% CI) Model 3 b (95% CI)

Age 1.01 (0.99–1.02) 1.00 (0.99–1.02)

Female 2.28 (1.46 –3.56) 2.26 (1.46–3.49) 2.03 (1.34–3.10)

Obesity 1.02 (0.73–1.44)

Cholesterol 1.00 (0.99 –1.01)

Metabolic Syndrome 1.22 (0.87–1.73)

Metabolic Syndrome Components

Hypertension 0.98 (0.68, 1.43)

Triglycerides 0.89 (0.62, 1.26)

Elevated Glucose 1.01 (0.72, 1.41)

Low HDL 1.64 (1.34–2.01) 1.61 (1.11–2.33) 1.39 (0.96–1.02)

Waist Circumference 1.63 (1.05 –2.53) 1.60 (1.03–2.49)

a
reference category compared to Non-depressed

b
HDL, Waist Circumference, Gender and Age in the model
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Table 3

Weighted Odds Ratios a and 95%CI for Depression and Selected Risk Factors

Risk Factors Unadjusted OR (95% CI) Model 2 Adjusted for age (95% CI) Adjusted OR b (95% CI)

Age

 Mild depression 1.01 (0.99–1.02) 1.01 (0.99–1.02)

 Severe depression 1.01 (0.99–1.02) 1.01 (0.99–1.02)

Female

 Mild depression 1.79 (1.17–2.73) 1.76 (1.17–2.67) 1.42 (0.90–2.24)

 Severe depression 3.09 (1.29–7.36) 3.06 (1.31–7.15) 2.89 (1.46–5.74)

Severe Obesity (BMI>=40)

 Mild depression 2.31 (1.34–4.01) 2.29 (1.33–3.96) 1.96 (1.13–3.41)

 Severe depression 2.68 (1.47–4.89) 2.66 (1.47–4.81) 2.31 (1.26–4.25)

Cholesterol

 Mild depression 1.00 (0.99–1.002)

 Severe depression 1.00 (0.99–1.004)

Metabolic Syndrome

 Mild depression 1.14 (0.79–1.66)

 Severe depression 1.33 (0.79–2.25)

Metabolic Syndrome Components

Hypertension

 Mild depression 1.15 (0.76–1.76)

 Severe depression 0.82 (0.49–1.39)

Triglycerides

 Mild depression 0.70 (0.48–1.02)

 Severe depression 1.12 (0.68–1.86) 1.09 (0.60–1.98) 1.25 (0.56–2.80)

Elevated Glucose

 Mild depression 1.01 (0.70–1.45)

 Severe depression 1.00 (0.61–1.66)

Low HDL

 Mild depression 1.61 (1.08–2.38) 1.61 (1.08–2.39) 1.50 (1.00–2.26)

 Severe depression 1.61 (0.91–2.86) 1.61 (0.91–2.87) 1.29 (0.72–2.29)

Waist Circumference

 Mild depression 1.68 (1.10–2.56) 1.65 (1.06–2.56)

 Severe depression 1.58 (0.78–3.21) 1.55 (0.78–3.10)

a
reference category compared to Non-depressed

b
adjusted with other factors in model
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