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Abstract
Little is known about depression among Latinos at risk for type 2 diabetes. The purpose of this cross-
sectional study was to determine the rate of depression in Latinos at risk for type 2 diabetes and to
examine the associations between depressive symptoms, diet, physical activity, and body mass index
(BMI). Latinos at risk for type 2 diabetes (N=210) were surveyed from July 2007-August 2008.
Depressive symptoms were assessed using the Center for Epidemiological Studies-Depression Scale
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(CES-D). Three 24-hour recalls were used to assess diet and physical activity. Linear regression
analyses were used to examine the association between depression, BMI, and lifestyle factors. The
sample (78% female) was largely of Caribbean origin (83%) and mean age was 52 years (standard
deviation; SD=11). Mean BMI was 34.2 kg/m2 (SD=5.9) and 77% were obese. Average CES-D score
was 16.3 (SD= 11.3, range 0-45) and 50% had CES-D of 16 or greater, suggesting clinical depression.
Higher CES-D scores were associated with lower diet quality (p<.05), but were not associated with
BMI or physical activity. Depression and lower dietary quality may contribute to risk for type 2
diabetes among Latinos.
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INTRODUCTION
The prevalence of type 2 diabetes (T2D) in Latinos is 2-3 times that of Caucasians (1) and by
2031 more than 20% of the adult Latino population will be affected (2). Diabetes-related
mortality is twice as high for Puerto Rican and Mexican Americans than Cuban Americans,
making prevention efforts a priority in these groups.(3) Depression affects 14-16% of Latinos
(4,5) with Caribbean Latinos at higher risk than other Latino groups (6). Depression is
especially a concern among Latinos who are at risk for T2D because depressed adults have a
37% increased risk for developing T2D (4). The mechanisms underlying the association of
depression and T2D are largely unknown, however, depression might be associated with higher
body mass index (BMI), higher caloric intake, lower quality diet, and sedentary lifestyle,
factors which are all increase T2D risk. Understanding lifestyle factors that are associated with
depression among Latinos at high risk for T2D might help to identify key behaviors to target
for T2D prevention in this population. Obesity (7), poor diet (8), and sedentary lifestyle (9) are
generally associated with increased risk for T2D among Caucasian samples, but it remains
unclear if Latinos with depression have disproportionate difficulty in these areas. The present
study examined rates of depression as well as the association of depression and lifestyle factors
among Latinos who met criteria for pre-diabetes via the Stern formula (10). It was hypothesized
that Latinos at risk for T2D would have higher rates of depression than the general population
and depression would be associated with worse lifestyle factors.

METHODS
Participants

A total of 215 residents of Lawrence, Massachusetts were enrolled into the Lawrence Latino
Diabetes Prevention Project (LLDPP) from November 2004 to March 2007. Complete data
were available for the variables of interest in the present study for 210 participants. The LLDPP
was a diabetes prevention program for Latinos at high risk of developing T2D. Participants
qualified if they were ≥ 25 years of age, Latino, had a BMI ≥ 24 kg/m2, had telephone access,
and had ≥ 30% risk of developing T2D as predicted by the Stern formula. The Stern formula
is a model using age, sex, ethnicity, fasting glucose level, systolic blood pressure, high density
lipoprotein cholesterol, waist circumference, and family history of diabetes, to predict 7.5-year
incidence of diabetes (10). The Stern formula was chosen to identify eligible participants
because it is based on known risk factors for diabetes in Latino populations that is comparable
to the oral glucose tolerance test (10), and it is inexpensive. Participants with type 1 or 2 diabetes
were excluded. The Institutional Review Boards of the University of Massachusetts Medical
School and the Greater Lawrence Family Health Center approved the study protocol. Written
informed consent was obtained from all participants by Spanish speaking interviewers.
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Measures
Depressive symptoms were assessed by bilingual interviewers using the Spanish version of
the Center for Epidemiological Studies-Depression Scale (CES-D; (11)). The CES-D is a well-
validated measure for community samples (12,13) and validated for use in Spanish-speaking
populations (14). It consists of 20 items to which respondents reply on a 4-point scale with
regard to symptoms during the past week. Total CES-D scores of 16 or higher suggest clinical
depression (11). Three interviewers were trained to administer the CES-D by a Spanish-
speaking licensed clinical psychologist. Although inter-rater reliability was not obtained, we
compared scores between interviewers and no differences emerged in the mean CES-D scores
(p > .05). Interviews took 10 minutes to complete. Baseline dietary intake and physical activity
was assessed by three 24-hour recall (24-HR) telephone calls (2 weekdays, 1 weekend day)
over two-weeks after baseline. Three days of 24HRs are sufficient to estimate dietary
macronutrients (15). The Nutrition Data System for Research (NDS-R, versions 2005-2007,
Nutrition Coordinating Center, University of Minneapolis, Minneapolis, MN) software for
dietary data collection was used to assist in recalls. Two trained bilingual dietitians, blinded to
condition, performed interviews. The 24HR-derived data were used to determine diet quality
via the Alternative Healthy Eating Index (AHEI) (16), an instrument used to examine criteria
associated with reduced cardiovascular and diabetes disease risk (8), including: 1) fruit, 2)
vegetables, 3) nuts and soy, 4) ratio of white to red meat, 5) cereal fiber, 6) trans-fat, 7) ratio
of polyunsaturated fat to saturated fat, 8) alcohol, and 9) duration of multivitamin use. Eight
of the nine AHEI components were used to calculate the AHEI score; multi-vitamin use was
not included because greater than 5 years use was not assessed. Each component received a
score from 0 (lowest) to 10 (highest). Detailed scoring algorithms are described elsewhere
(16). Higher scores are associated with a greater intake of protective foods for diabetes (8).

Physical activity was assessed on the dietary call. Subjects were asked to recall the amount of
time they spent in light, moderate, vigorous, and very vigorous leisure time activities. Estimates
of physical activity energy expenditure (MET hours/day) were calculated from the reported
activities and intensities via the compendium of physical activities (17). This 24-hour physical
activity methodology has been validated against accelerometers (18).

Body weight and height were measured in stocking feet by research assistants (HealthOMeter,
Bridgeview, IL). Two weights were measured and then averaged. The baseline questionnaire
was used to assess age, marital status, family history of diabetes, education, employment, and
smoking status.

Statistical analyses
Linear and logistic regression analyses were conducted to examine the association of
depressive symptoms with diet quality, dietary intake, BMI, and physical activity while
adjusting for covariates including age, gender, and smoking status. Diet quality, dietary intake,
BMI, and physical activity were dependent variables and analyzed separately; independent
variables included depression and covariates. Energy intake, percent of calories from fat or
saturated fat, AHEI, and BMI were normally distributed, thus original values were used.
Because distribution of leisure time physical activity was skewed, with many of the participants
reporting zero (41%), it was dichotomized (yes/no). Because distribution of depression scores
was highly skewed and not correctable via natural logarithms transformation, it was
dichotomized (less than 16 and 16 or greater). Model assumptions and adequacy were also
assessed and found to meet normality assumption for residuals. Analyses were performed using
Stata 9.2 (College Station, Texas).
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RESULTS AND DISCUSSION
Characteristics of participants are presented in Table 1. The majority of participants were
female, obese, had less than a high school education, and unemployed. Most participants (83%)
identified themselves as Caribbean, while 16% identified themselves as Mexican, and 1% other
Latino. The mean age was 51.8 years. The mean risk of developing diabetes in 7.5 years per
the Stern formula was 56%. The mean CES-D score was 16.3. Half (50%) of the present sample
had CES-D scores of 16 or greater, indicating a depressive disorder, which is more than twice
the rate that has been observed in the general population (22%) (11) and other Latino samples
(23%) using the same measure (19). Latinos at elevated risk for T2D appear to have
disproportionately high rates of depression. Given the association of depression with the
development of T2D, Latinos with both pre-diabetes and depression represent a particularly
high risk group that should be targeted by prevention efforts.

Several mechanisms have been proposed to explain the relationship between depression and
T2D. Depression can be associated with increased activity of the hypothalamic-pituitary-
adrenal axis, which is associated with elevations in cortisol, a stress hormone that stimulates
glucose production and in some, promotes abdominal fat storage and insulin resistance (20,
21). Immune function has also been implicated in the link between depression and T2D (22).
A recent meta-analysis revealed that depression is a risk factor for T2D of comparable
magnitude to both smoking and physical activity (4). Once T2D develops, Latinos are more
likely to have worse glycemic control when compared to Caucasians (23). To the extent that
depression contributes to the manifestation of T2D, treating depression in people with pre-
diabetes should be a priority.

Results also revealed that higher depression scores were associated with lower AHEI scores
(p=.001; See Table 2). Depression scores were not associated with BMI, caloric intake,
percentage calories BMI, or physical activity (p=.95). The diet quality of at-risk Latinos with
depression was lower per the AHEI, a measure of diet quality that has been associated with
risk for both T2D (8) and cardiovascular disease (24). Average AHEI score was 33 out of 80.
Several components of AHEI did not meet dietary recommendations, including intake of
vegetables (1.3 servings/day), fruit (2.6 servings/day), nuts and soy protein (0.67 servings/day),
cereal fiber (1.84 grams/day), and trans fat (1.2%). Deficient areas of diet included total fiber,
vegetables (particularly non-starchy), fruit, nuts, and cereal fiber, which were considerably
lower than the general US population (24), while trans fat intake was higher (25). These specific
areas should be targeted clinically as well in public health campaigns for Latinos (8,24).

Our finding that depression was associated with worse dietary quality is consistent with
findings from a cross-sectional study of women with breast cancer. Scores on the CES-D were
inversely related to diet quality (26). The authors suggested that diet quality may be an
important factor influencing the manifestation of depressive symptoms or conversely, poorer
diet quality may be an outcome of depression. Among Latinos, a diagnosis of depression might
be an indicator of the need not only for depression treatment but also for nutrition counseling
to help reduce risk for T2D. The CES-D is an easy-to-use tool that can be used by health care
professionals in primary care settings to assess depressive symptomatology in high risk
patients.

Depression was not associated with BMI, caloric intake, or physical activity in Latinos. The
lack of association between depression and obesity might be attributed to the homogeneity of
the population (77% obese). Obesity is a concern in Latinos regardless of depression status.
Mean caloric intake was modest at 1515 kcal per day and did not vary by depression status.
However, in a previous investigation, energy intake underreporting by a mean of 254 kcal per
day was observed in this sample (27).
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Limitations of this study include its cross-sectional nature, which limits conclusions regarding
the temporal relationship between depression and dietary quality. Second, dietary
underreporting in this population (27) might impact diet quality estimates. Third, the CES-D
is a self-report measure and although it is frequently used in research (19), a diagnostic
interview is the most valid measure of depression. Finally, most participants were female, of
Caribbean descent (83%), unemployed, and may not be representative of Latino men or non-
Caribbean Latinos. Recruitment did not attempt to oversample by gender, however, women
enrolled in higher numbers.

CONCLUSIONS
Latinos at risk for diabetes have a high rate of depression and depression was associated with
lower diet quality. Future studies should examine the temporal relationship between depression
and dietary quality. Although total consumption was within the USDA recommendations,
several aspects of diet could be improved. Nutritional interventions should specifically target
increasing fruit and vegetable consumption, increasing sources of fiber, restricting trans fats
and increasing essential fatty acids within a culturally acceptable menu. Nutritional counseling
appears to be especially indicated for Latinos with depression and other risk factors for T2D.
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Table 1
Characteristics of Latinos at Risk for Type 2 Diabetes

N (%) or Mean (standard deviation)

Demographic variables

Gender

Male 45 (21.63)

Female 163 (78.37)

Age (years) 51.77 (11.19)

Body Mass Index (kg/m2) 34.22 (5.88)

Normal 8 (3.81)

Overweight 41 (19.52)

Obese 161 (76.67)

Education

Never attended school 5 (2.41)

Some elementary school or high school 123 (59.13)

High school or GED completed 47 (22.60)

Vocational or tech school 10 (4.81)

University or College 23 (11.06)

Smoking in the past 3 months (yes) 25 (12.20)

Marital status

Single 40 (19.23)

Married or Living with Partner 108 (51.92)

Separated, Divorced or Widowed 60 (28.85)

Employment status

Full-time 65 (30.95)

Part-time 26 (12.38)

Unemployed 119 (56.67)

Psychosocial variables

Center for Epidemiological Studies Depression Scale score 16.31 (11.34)

<16 105 (50.00)

>=16 105 (50.00)

Stern indexa 0.56 (0.21)

Mean (standard deviation)

Dietary intake Recommended Values

Energy intake (kcal/day) 1515 (589.00) -

Alternative Healthy Eating Index (AHEI) Scoreb 32.66 (8.08) -

Components of AHEI Daily intake criteria for maximum score of 10

Vegetables servings./day) 1.3 (1.0) 5

Fruit servings./day) 2.6 (2.6) 4

Nuts and soy protein 0.7 (0.7)
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Mean (standard deviation)

Dietary intake Recommended Values

(serving/day) 1

Ratio of white to red meat 2.5 (1.2) 4 (AHEI component score=10 if no red meat
consumed)

Cereal fiber g/d 1.8 (2.8) 15

% calories form trans fat 1.2 (0.8) <=0.5

Ratio of polyunsaturated to saturated 0.8 (0.4) >=1

Alcohol (servings./day) 0.2 (0.9) Men: 1.5-2.5 Women: 0.5-1.5

Leisure time physical activity (met-hr/day) 0.94 (1.39)

a
Stem formula a model using age, sex, ethnicity, fasting glucose level, systolic blood pressure, high density lipoprotein (HDL) cholesterol level, waist,

and immediate family history of diabetes to predict 7.5-year incidence of diabetes (9).

b
Alternative Healthy Eating Index (AHEI) is an instrument used to examine criteria associated with reduced cardiovascular and diabetes disease risk
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Table 2
Regression Analyses Predicting Lifestyle Factors, Body Mass Index (BMI), and Stern index by Depression Status
among Latinos at Risk for Type 2 Diabetes a

Continuous outcome variable Regression coefficient Standard error p-value

Energy intake (kcal/day) -50.47 42.45 0.24

Alternative Healthy Eating Index score -2.03 0.60 0.001

BMI 0.45 0.44 0.30

Categorical outcome variable Odd ratios Standard error P-value

Leisure time physical activity (no activity as
referent)

0.99 0.16 0.95

a
Linear and logistic regression models to examine the association of depressive symptoms with diet quality, dietary intake, BMI, and physical activity

while adjusting for covariates including age, gender, and smoking status. The referent group was non-depression (i.e., Center for Epidemiological Studies
Depression Scale score<16)
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