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Abstract

Diabetes is a leading cause of morbidity and mortality in Latinos, but few studies of disease risk in 

this subpopulation examine both area-level socioeconomic position and its association with 

individual-level risk factors. This study sought to examine the cross-sectional relationship between 

neighborhood socioeconomic position (NSEP) and prevalent diabetes and pre-diabetes status 

among older Latinos. Longitudinal health data were collected from 1,789 participants in the 

Sacramento Area Latino Study on Aging (SALSA). Among SALSA participants, higher NSEP 

was associated with lower diabetes prevalence (p = 0.001). Adjustment for BMI and other 

individual-level factors did not affect this relationship. No association was observed between 

NSEP and pre-diabetes in both unadjusted and adjusted models. Neighborhoods with higher SEP 

had a lower prevalence of diabetes. This study highlights the importance of considering 

neighborhood factors that may place older Latinos at high risk for this disease.
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Type 2 diabetes disproportionately impacts the Latino community, and is a leading cause of 

preventable mortality and morbidity for Latinos (Espinoza, Jung, & Hazuda, 2013). In the 
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United States, diabetes was the 5th leading cause of death for Latinos in 2010; the age-

adjusted prevalence of diabetes for adult Latinos was 17.9% and the age-adjusted death rate 

for diabetes was 27.1 years (National Center for Health Statistics, 2013; National Center for 

Injury Prevention, 2007; Schiller, Lucas, Ward, & Peregoy, 2012).

It is well established that neighborhood- and community-level factors impact the physical 

and psychosocial health of individuals. These neighborhood effects are linked to chronic 

disease risk, cardiovascular and diabetes-related health outcomes (Diez Roux & Mair, 

2010). Evidence suggests that neighborhood-level geographic and social factors may 

disproportionately impact the health of ethnic and/or racial minorities in the United States. 

For example, the Black Women’s Health Study found that lower neighborhood 

socioeconomic position (NSEP) was associated with increased incident diabetes over 12 

years of follow-up (Coogan et al., 2010; Krishnan, Cozier, Rosenberg, & Palmer, 2010). 

NSEP has also been associated with other diabetes-related risk factors such as decreased 

levels of physical activity, and higher prevalence of hypertension, weight gain and metabolic 

syndrome (Boone-Heinonen et al., 2011; Chichlowska et al., 2008; Coogan et al., 2010; 

Krishnan et al., 2010; Mujahid, Diez Roux, Cooper, Shea, & Williams, 2011).

Although studies have correlated individual- and household-level socioeconomic position 

(SEP) with diabetes risk, none have focused on the older, Latino population, nor have any 

examined the importance of both neighborhood and individual socioeconomic position 

(SEP) on diabetes risk and outcomes in older adults. Similarly, the existing literature on 

NSEP and health has focused on different pathways for diabetes-related outcomes, but there 

has been little examination of the association between NSEP and diabetes status in older 

Latinos.

Lower individual SEP is associated with increased risk of diabetes in older adults. It is also 

related to poorer diabetes-related and cardiovascular outcomes. Furthermore, low SES may 

disproportionately increase the likelihood of poor long-term outcomes among elderly 

Latinos: a cross-sectional study found that low SEP was associated with increased self-

reported diabetes-related complications such as retinopathy, nephropathy and cardiovascular 

disease in Latinos, as compared to non-Latino Whites (Thomson, Nuru-Jeter, Richardson, 

Raza, & Minkler, 2013).

The relationship between NSEP and diabetes represents a significant public health concern, 

since Latinos are disproportionately more likely than non-Hispanic Whites to live in poverty 

(Lopez & Cohn, 2011; Macartney, Bishaw, & Fontenot, 2013), and also more likely to 

suffer from diabetes (Hertz, Unger, & Ferrario, 2006; Romero, Romero, Shlay, Ogden, & 

Dabelea, 2012; Sharma, Malarcher, Giles, & Myers, 2004). In addition, it is estimated that 

Latinos will make up one third of the US population by 2050, with older Latinos (age >64+) 

comprising 20% of this large and growing minority population (Passel, Cohn, & Lopez, 

2011; Thomson et al., 2013; Vincent & Velkoff, 2010).

Nativity is an important factor in examining diabetes-related health outcomes in Latinos. 

Differences in cardiovascular mortality rates have been observed between US- born versus 

Mexico-born Latinos. In the San Antonio Heart Study (SAHS), US-born Latino diabetics 
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had a higher risk of all-cause and CVD-related mortality than non-Latino White diabetics 

(Hunt et al., 2002). In contrast, diabetic Latinos born in Mexico had a similar risk of all-

cause and CVD-related mortality than diabetic non-Latino Whites, suggesting that birthplace 

is an important factor for the Latino SAHS participants in assessing their risk of CVD 

mortality. Similarly, findings from the National Health and Nutrition Examination Survey 

(NHANES) III indicated that birthplace, in addition to language preference and gender, was 

associated with differential coronary heart disease mortality risk in Latinos (Sundquist & 

Winkleby, 1999). US-born, Spanish-speaking Latinos had the highest 10-year estimated 

coronary heart disease mortality risk, whereas Mexico-born Latinos had the lowest. The 

authors speculate that it may be socioeconomic: these individuals may not have adequate 

opportunities (education, occupation, language skills) to compete in the US.

This study examines the cross-sectional relationship between NSEP and prevalent diabetes 

and pre-diabetes status among older Latinos in the Sacramento Area Latino Study on Aging 

(SALSA). It was hypothesized that lower NSEP would be associated with a higher 

prevalence of diabetes and pre-diabetes in the study population.

Methods

Study Participants

Participants were from the Sacramento Area Latino Study on Aging (SALSA), a 

longitudinal cohort study of physical and cognitive impairment and cardiovascular diseases 

in community-dwelling older Mexican Americans residing in Sacramento Metropolitan 

Statistical Area (Haan et al., 2003). Recruitment occurred between 1998–1999 and included 

1,789 participants between the ages of 60–101 years at baseline. Every 12 to 15 months, 

interviews, biological and clinical data were collected on participants during in-home visits, 

with a maximum of six follow-ups. The Institutional Review Boards (IRB) at the University 

of Michigan, the University of California, San Francisco, and the University of California, 

Davis approved the SALSA study and along with the principles of the Helsinki Declaration. 

All participants provided appropriate informed consent annually.

Participants with missing information (n = 10) or outliers (n = 2) on key study variables 

were excluded, yielding a final sample size of 1,777 participants.

Measures

For this analysis, we used two levels of data whereby individuals were nested within 

neighborhoods.

Individual-level data

Assessment of type-2 diabetes and pre-diabetes status: during the baseline examination, 

fasting blood was collected and analyzed for glucose levels. Prevalent type-2 diabetes was 

ascertained by a self-report of a physician diagnosis of diabetes, documented use of 

prescription diabetes medication from a medicine cabinet inventory, and/or a fasting glucose 

level ≥126 mg/dl. Pre-diabetes was ascertained by a fasting blood glucose level between 100 

mg/dL and 125 mg/dL.
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Assessment of other clinical and biological data: During the baseline examination, 

systolic (SBP) and diastolic (DBP) blood pressures were measured using a digital blood 

pressure monitor. Hypertension was ascertained by a self-report of a physician diagnosis of 

hypertension, use of hypertension medication, and/or a systolic blood pressure ≥140 mmHg 

or a diastolic blood pressure ≥ 90 mmHg. Trained interviewers measured study participants’ 

standing height and weight; body mass index (BMI; kg/m2), was calculated as weight/ 

height2. Depressive symptoms were assessed using the 20-item version of the Center for 

Epidemiologic Studies- Depression Scale (CES-D), with scores ranging from 0–60. We 

defined elevated depressive symptoms on the clinical cutoff of 16 (i.e. CES-D score ≥ 16). 

Participants reported the number of hours per week they engaged in certain physical 

activities (e.g. doing yard work, heavy housework, and walking around neighborhood), 

which were combined into a summary physical activity score and used as a continuous 

variable. At baseline, participants also reported the presence of any cardiovascular disease 

(CVD), ascertained via self-report of a physician diagnosis of any of the following 

conditions: myocardial infarction (MI), angina pectoris, stroke, heart failure, intermittent 

claudication, atrial fibrillation, deep vein thrombosis, or heart/coronary catheterization.

Assessment of socio-demographics: at baseline, demographic profiles of participants were 

constructed based on self-reports of current age, gender (M/F), nativity (SALSA participants 

were born in US or Mexico), and marital status (married, single, other).

Assessment of individual-level SEP measures: several individual-level SEP factors were 

also measured at baseline. Each participant self-reported level of education (number of years 

completed), gross past-month household income, and occupation. We created a variable that 

grouped gross past-month household income into low (<$1,500) and high (≥ $1,500) 

categories, and another variable that categorized participant occupation as manual, non-

manual, or other (a category that included housewives, the unemployed, etc.).

Neighborhood-level data

Neighborhood socioeconomic position (NSEP): In line with prior literature, we 

operationalized neighborhoods as census tracts (Mujahid et al., 2011; Sheffield & Peek, 

2009; Wight et al., 2006). Participants’ baseline addresses were geocoded to the 2000 US 

Census tracts, with participant data subsequently linked to census data. We utilized factor 

analysis to construct a NSEP score using previously validated procedures (Wight et al., 

2006). The factor analysis was performed with census tract-level socioeconomic variables 

using PROC FACTOR in SAS with a promax rotation. Neighborhood characteristics that 

showed a loading greater than 0.4 in either a positive or negative direction were selected, z-

score standardized for scale consistency, reverse coded, and then summed to create a NSEP 

score (mean (standard deviation) = 22.4 (4.8) and range = 0–30.6). On the basis of the factor 

loading cutoff, we included 6 variables in the NSEP analysis: the percentage of individuals 

25 years of age or older without a high school diploma; the percentage of the population 

living below the poverty line; the percentage of individuals ≥16 years of age who at one 

time had been in the work force and who were unemployed; the percentage of households 

that owned their home, percentage of housing units that were vacant; and the median 

number of rooms in the household. Higher NSEP scores indicated higher neighborhood 
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socioeconomic status. Further details on the statistical methods resulting in NSEP have been 

published elsewhere (Zeki Al Hazzouri et al., 2011).

Statistical Analysis

We compared characteristics such as age, gender, nativity status, and BMI, across NSEP 

quartiles by diabetes status. We used chi-square tests to compare the frequencies of 

categorical variables, and t-tests to compare the means of continuous variables across 

diabetes status.

We fit multilevel multinomial logistic regression models to assess the relationship between 

NSEP and the three level diabetes status outcome. For analysis, we used NSEP score in units 

of the interquartile range = 7. Analyses were performed separately to include adjustment for 

either BMI or waist circumference (adjustment for both was not possible due to 

collinearity). We tested three-way interactions between neighborhood score, nativity, and 

obesity measures to assess whether relationships between these covariates differed between 

individuals born in Mexico compared to those born in the US. These interactions were not 

initially significant. We ran analyses stratified by nativity based on literature that indicates 

differences exist in health outcomes for Latinos according to their nativity status (Boone-

Heinonen et al., 2011; Garcia et al., 2012; Kershaw et al., 2011). We found some suggestive 

evidence that the NSEP-diabetes status association was modified by BMI and waist 

circumference among those born in Mexico, but not for those born in the US. Consequently, 

in subsequent regressions, we included two-way interaction terms to account for effect 

modification between neighborhood score and the obesity measures (but only for the models 

for Mexico-born participants). For interpretation purposes, in these models we centered 

NSEP, BMI, and waist circumference at their median values for the SALSA sample.

Analyses were carried out using SAS version 9.2 (SAS Institute, Cary, NC, USA) and Stata 

version 11 (Stata Corp LP, College Station, TX, USA). All statistical tests were two-tailed; 

P<0.05 was considered statistically significant.

Results

Descriptive Statistics

At baseline, the prevalence of diabetes was 33% and of pre-diabetes was 17.5% (Table 1). 

Of the Latinos with diabetes a higher proportion were born in the US (55.3%) than in 

Mexico (44.7%). In contrast, 55.5% of those without diabetes were born in Mexico. Among 

those with pre-diabetes, the proportions were approximately 50/50. Diabetics and pre-

diabetics had a higher mean body mass index (BMI) than non-diabetics. Diabetics tended to 

report less physical activity and less alcohol use than non-diabetics.

Individual level factors related to socioeconomic position (SEP) variables such as education, 

income and occupation, were not associated with diabetes status (Table 1). In comparison, 

NSEP was associated with diabetes status (Table 2). Lower NSEP was associated with a 

higher prevalence of diabetes, whereas a higher NSEP was associated with lower prevalence 

of diabetes.
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Association between neighborhood socioeconomic position (NSEP) and 
diabetes status—Table 3 shows the association between NSEP and prevalent diabetes 

status, based on the three-level multinomial logistic regression models with covariate 

adjustment. Higher NSEP was associated with lower diabetes prevalence. Adjustment for 

BMI and other individual factors did not affect this relationship (OR=0.76; 95% CI: 0.61, 

0.93). In the models with adjustment for waist circumference, higher NSEP was also 

significantly associated with lower diabetes prevalence. No association was observed 

between NSEP and pre-diabetes in unadjusted or adjusted models.

Nativity status (US born versus Mexico born): Interaction between 
neighborhood socioeconomic position (NSEP), body mass index (BMI) and 
waist circumference (WC)—Table 3 shows the association between NSEP and prevalent 

diabetes status among US-born participants. Participants residing in neighborhoods with 

higher NSEP had lower risk of diabetes at baseline. When other covariates (i.e. age, BMI, 

gender, years of education, physical activity, depression, hypertension and cardiovascular 

disease) were added to the model, no significant association (OR= 0.79; 95% CI: 0.59, 1.05) 

was observed between NSEP and diabetes. No association (OR=1.14; 95% CI: 0.82, 1.59) 

was observed between NSEP and pre-diabetes. In the models adjusting for waist 

circumference, NSEP was also not significantly associated with prevalence of pre-diabetes 

or diabetes.

Among SALSA study participants born in Mexico, a higher NSEP was associated with a 

lower prevalence of pre-diabetes (p = 0.04). Adjustment for other covariates did not change 

this relationship. Higher NSEP was also associated with a lower prevalence of diabetes (p = 

0.03), but when covariates (i.e. age, gender, education, physical activity, depression, 

hypertension and cardiovascular disease, BMI/waist circumference) were added to the 

model, no association was observed. We included two-way interactions to account for 

potential effect modification between NSEP and obesity measures (as operationalized by the 

BMI and waist circumference measures). In these models, there was some suggestive 

evidence of a neighborhood effect modification. Larger waist circumference was associated 

with a higher prevalence of pre-diabetes and diabetes. Those with larger waist circumference 

and live in a neighborhood with a higher NSEP have a higher prevalence of pre-diabetes 

than those who live in a neighborhood with a lower NSEP (p = 0.03, Figure 1a). There was a 

similar association with BMI, but less strong of an effect. Because these tests of the 

interactions were based on two separate hypothesis tests, one testing for an interaction 

between NSEP and BMI for pre-diabetes vs. normal and the other testing for an interaction 

between NSEP and BMI for diabetes vs. normal, the probability of identifying at least one 

significant interaction due to chance increases as more hypotheses are tested. A 

simultaneous likelihood ratio test was performed to test the null hypothesis of no interaction 

between NSEP and BMI. The data do not provide enough evidence to reject the null 

hypothesis of no interaction (p = 0.23). Likewise, this test was also not significant for testing 

the null hypothesis of no interaction between NSEP and waist circumference (p = 0.08). A 

Bonferroni correction was made to adjust for the chances of obtaining false-positive results 

(type I errors) when several hypothesis tests are performed simultaneously. 97.5% 

confidence intervals for the BMI and waist circumference odds ratios at various levels of 

Garcia et al. Page 6

Hisp Health Care Int. Author manuscript; available in PMC 2015 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



NSEP were calculated and displayed in Figure 1a and Figure 1b. These 97.5% confidence 

intervals provide a simultaneous 95% confidence interval for the BMI or waist 

circumference odds ratios based on a Bonferroni adjustment.

Discussion

Our objective was to examine the relationship between NSEP and diabetes and pre-diabetes 

prevalence in a cohort study of older Mexican Americans living in Sacramento. Higher 

NSEP was associated with a lower prevalence of diabetes. Adjustment for individual-level 

factors, such as age, gender, nativity, education, physical activity, depression, hypertension 

and cardiovascular disease, did not change this relationship. Our results support the 

hypothesis that individuals who live in neighborhoods with higher NSEP score have a lower 

risk of having diabetes.

Similar to other studies, we found a significant association between diabetes status and 

NSEP (Krishnan et al., 2010). Our results are consistent with the BWHS findings, which 

both suggested that the risk of incident diabetes was associated with a lower NSEP in 

unadjusted and adjusted models controlling for individual factors. In contrast to the BWHS, 

however, we did not find a significant association between individual level factors and 

diabetes or pre-diabetes. It may be that for older Mexican Americans, the neighborhood 

where they reside plays a larger role in their health. For example the lack of access to 

healthy foods and/or safe places to be physically active may contribute to conditions in their 

community that may impede a healthier lifestyle. Thus a low NSEP negatively impacts older 

Mexican Americans health as observed in the high prevalence of diabetes and pre-diabetes 

in this cohort. Therefore, innovative outreach programs that reduce diabetes in older Latino 

communities are needed. For example, providing a one day “mini-medical school” for older 

Latinos to learn about critical health issues (such as pre-diabetes and diabetes) in their native 

language and to discuss these topics with bilingual health care professionals from medical 

universities, clinics and the community, may be the ideal setting to provide the health 

information that older Latinos need.

Studies have shown that nativity status is associated with cardiovascular related risk factors 

such as diabetes in Latino populations (Pabon-Nau, Cohen, Meigs, & Grant, 2010; 

Rodriguez, Hicks, & Lopez, 2012). Our results also found a significant association between 

nativity for participants born in Mexico, NSEP and diabetes status. These results are 

consistent with other studies that have found differences in cardiovascular disease risk 

factors by nativity status (Kershaw, Greenlund, Stamler, Shay, & Daviglus, 2012; Pabon-

Nau et al., 2010). It may be that Latino migrants are healthier than their US born 

counterparts. This has been referred to as the healthy migrant effect, that is, migrants are on 

average healthier than their US ethnic/racial counterparts but over time this health advantage 

diminishes with each subsequent generation.

Since this is a cross-sectional study of the relationship between NSEP and diabetes status, 

temporal ambiguities may exist between NSEP and diabetes status, and no causal inferences 

can be made. Limitations include reliance on participant self-report, the potential for 

selection bias. In addition, it may be possible that we did not include other unknown factors 
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that may increase the risk of diabetes and pre-diabetes. In our analysis we attempted to 

control for known risk factors.

SALSA is a well-designed, population-based study examining cognitive impairment, 

dementia and cardiovascular disease (CVD) as well as risk factors such as diabetes in 

elderly Latinos. It is also one of the first to examine NSEP and diabetes status in a cohort of 

older Mexican Americans and since the SALSA participants are a stable cohort that have 

resided in the same community for several years, we anticipate little bias due to repatriation 

to country of origin. It includes extensive clinical, medical and social measures. Diabetes is 

a leading cause of morbidity and mortality in Latinos, so it is critical that we understand 

both individual and neighborhood factors that place individuals at high risk for the disease.
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Figure 1. 
Odds ratios (along with 97.5% CIs) of the effect of BMI and waist circumference on pre-

diabetes vs. normal and on diabetes vs. normal for different levels of NSEP score: Mexico-

born participants only.
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