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University of California Davis, Davis, CA.

Abstract

Background—Type 2 diabetes is a major public health concern in the United States and 

worldwide. The dietary inflammatory index (DII) and the energy-adjusted DII (E-DII) are 

tools that assess dietary inflammation. Previous evidence suggests that obesity can modify the 

association between inflammation and disease.

Objective—The aim of this study was to evaluate the association between the DII/E-DII and 

incident diabetes in self-identified Hispanic women from the Women’s Health Initiative (WHI). 

The secondary aim was to evaluate whether obesity modifies the association between the DII/E-

DII scores and incident diabetes.

Design—Participants were from the WHI Observational Study and the Clinical Trial 

Components (except women from the treatment arm in the Dietary Modification Trial) conducted 

among postmenopausal women in the United States. DII/E-DII scores were calculated from a 

self-administered food frequency questionnaire at baseline that included 122 food items, of which 

12 are representative of Hispanic eating patterns.

Participants/settings—Participants included 3,849 postmenopausal women who self-identified 

as Hispanic that were recruited for the WHI from 1993 to 1998 at 40 US clinical centers.

Main outcome measures—The outcome was incident diabetes.

Statistical analysis performed—Cox regression models were used to assess the association 

between DII/E-DII and incident diabetes. Models were adjusted for age at baseline, lifestyle-

related risk factors, known type 2 diabetes mellitus (T2DM) risk factors, and neighborhood 

socioeconomic status. Interaction was tested between the DII/E-DII scores and obesity.

Results—The incidence of diabetes was 13.1% after a median follow-up of 13 years. Higher 

E-DII scores were associated with a higher risk of incident diabetes (hazard ratio [HR], 1.09; 95% 

confidence interval [CI], 1.04–1.14). There was no interaction between E-DII scores and obesity 

(P = 0.73).

Conclusions—Pro-inflammatory diets, as measured by higher E-DII scores, were associated 

with a higher risk of incident diabetes. Future research is needed for understanding how the 

inflammatory potential of diets can be decreased.

Keywords

Inflammatory diet; Diabetes; Hispanic or Latinos

THE INCREASE IN TYPE 2 DIABETES MELLITUS (T2DM) over the last decades 

represents a major public health concern because it is a leading cause of blindness, kidney 

failure, heart attack, stroke, and lower limb amputation.1,2 Moreover, health disparities 

in diabetes prevalence, complications, and comorbidities exist worldwide.3 In the United 

States, the prevalence of diabetes in Hispanic adults is 15.5% in comparison with 13.6% in 

non-Hispanic White adults.4 Among Hispanic heritage groups, adults with a Mexican origin 
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have the highest prevalence (14.4%), followed by adults with a Puerto Rican origin (12.4%), 

Central/South American origin (8.3%), and Cuban origin (6.5%).5

Hispanic families residing in the United States experiencing food insecurity (15.8%) lack 

access to nutritious foods, placing them at risk of having a poor-quality diet, becoming 

overweight, and developing obesity.6 Furthermore, United States–born or second-generation 

Hispanic individuals tend to consume more unhealthy foods and have a greater energy intake 

than foreign-born Hispanic individuals, partially because of dietary acculturation.7,8

Chronic inflammation plays a key role in the pathogenesis of T2DM by increasing 

insulin resistance, β-cell dysfunction, and apoptosis.9,10 Pro-inflammatory effects have been 

attributed to the intake of various nutrients and foods, including intakes of saturated fatty 

acids, trans fatty acids, refined carbohydrates, ultraprocessed food, including processed 

meats, sugar-sweetened beverages, dairy products, and refined grains.11-13 In contrast, anti-

inflammatory effects have been attributed to the intake of specific nutrients and foods, 

including intakes of dietary fiber, polyunsaturated fatty acids, fish, fruits, vegetables, 

and whole grains.11-13 The dietary inflammatory index (DII) is a scoring algorithm that 

assesses the overall inflammatory potential of an individual’s diet and has been validated 

to predict the concentration of inflammatory biomarkers.14,15 The energy-adjusted dietary 

inflammatory index (E-DII) is a modified version of the DII that was created to account for 

the relationship between energy and nutrient intakes.16 Therefore, it provides a convenient 

tool to assess the effect of dietary inflammation on the risk of diseases that have chronic 

inflammation as part of their pathophysiological processes.

Only one cross-sectional study has examined the association between DII and T2DM 

in Hispanic Populations.17 The study conducted by Denova-Gutiérrez et al17 in 1,174 

adults from Mexico City found that participants with higher DII scores had higher odds 

of T2DM than participants with lower DII scores (odds ratio [OR]Q5 vs. Q1 = 3.02, P 
= 0.005).17 Three more studies have examined the association between the DII and risk 

factors for T2DM (ie, insulin resistance, fasting glucose levels, postload glucose levels, and 

prediabetes) in populations from Iran, South Africa, and the Netherlands, and results showed 

that higher DII scores were associated with increases in the risk factors for T2DM.11,12,18 

The studies evaluating the association between the DII and T2DM are scarce and subject 

to methodological limitations, such as those encountered in cross-sectional or case-control 

designs, including potential information biases resulting in reverse causality.19,20 Therefore, 

the association between the DII and T2DM in Hispanic populations from diverse heritage 

backgrounds in the United States, who are at greater risk of T2DM than non-Hispanic 

populations, remains unclear.16

Furthermore, other factors such as obesity can alter the observed association between diet-

associated inflammation and some health outcomes.18,21 The association between the DII 

and cardiovascular disease and interleukin-6 is stronger or only significant in participants 

with overweight or obesity but not in participants with a healthy weight.22,23 These findings 

suggest that pro-inflammatory diets may have a more detrimental effect on health when 

obesity is present, so more studies are needed to determine the association of obesity and its 

complex interaction with the inflammatory potential of the diet and health.
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To fill the gap in evidence regarding the link between the DII/E-DII and T2DM in Hispanic 

populations and the role that obesity plays in this process, the current study evaluated the 

association between the DII/E-DII and incident diabetes among postmenopausal Hispanic 

women from the Women’s Health Initiative. The hypothesis was that higher DII/E-DII 

scores would be associated with a higher risk of incident diabetes.

METHODS

Participants

The Women’s Health Initiative (WHI) enrolled 161,808 postmenopausal women across 

40 WHI clinical centers nationwide between October 1, 1993 and December 31, 1998. 

Participants in the WHI study ranged in age from 50 to 79 years at enrollment and were 

either randomized into one or more of three clinical trials (Hormone Therapy Trial, the Diet 

Modification Trial, and the Calcium and Vitamin D Trial) or enrolled into the observational 

study.24 The current study included 6,484 postmenopausal women who self-identified as 

Hispanic on a baseline demographic questionnaire (Chose “Hispanic/Latino [ancestry is 

Mexican, Cuban, Puerto Rican, Central American, or South American]” to answer the 

question How would you describe your racial or ethnic group? If you are of mixed blood, 
which group do you identify with most?). Participants with a history of diabetes at baseline 

(N = 610), assignment to the treatment arm in the diet modification Trial (N = 683), an 

implausible reported energy intake (<600 kcal/day or >5,000 kcal/day) (N = 347), use of 

nonsteroidal anti-inflammatory drugs (N = 882) or anti-diabetes drugs (N = 32), and missing 

information regarding incidence of diabetes during follow-up (N = 81) were excluded. 

After applying the exclusion criteria, the sample size for the current analyses was 3,849 

postmenopausal Hispanic women (2,365 from the observational study and 1,484 from the 

clinical trials).

The WHI project was reviewed and approved by the Fred Hutchinson Cancer Research 

Center (Fred Hutch) Institutional Review Board in accordance with the US Department 

of Health and Human Services regulations at 45 CFR 46 (approval number: IR# 3467-

EXT). Participants provided written informed consent to participate. Additional consent to 

review medical records was obtained through signed written consent. Fred Hutch has an 

approved Federal Wide Assurance on file with the Office for Human Research Protections 

under assurance number 0001920. The WHI is registered in ClinicalTrials.gov with the ID 

NCT00000611.

Incident Diabetes

Incident diabetes was defined as a self-report of a new physician’s diagnosis of diabetes 

treated with hypoglycemic medication during follow-up.25 At each semi-annual or annual 

contact, participants were asked, “Since the date given on the front of this form, has a doctor 

prescribed any of the following pills or treatments?” Response categories included “pills for 

diabetes” and “insulin shots for diabetes.” The diabetes outcomes were ascertained, and the 

use of self-reported diabetes in the WHI has been validated and was consistent with medical 

records of documented treatment with anti-diabetes medications or for physician diagnosis 

of T2DM supported by laboratory measurements of glucose.25,26
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Computation of DII and E-DII Scores

Diet was evaluated with a standardized and validated self-administered food frequency 

questionnaire (FFQ) that was mailed to all participants at baseline.27 The FFQ was 

developed to estimate the average daily consumption of 122 food items over the previous 

3-month period based on questions about the usual frequency of intake (from “never or less 

than once per month” to “2+ per day” for foods and “6+ per day” for beverages) and portion 

size (small, medium, or large compared with the stated medium portion size). Moreover, 

the WHI FFQ included information about the use of vitamin and mineral supplements 

as well as 19 adjustment questions about food preparation practices and types of added 

fats to permit more refined analyses of fat intake. The WHI FFQ was translated into 

Spanish, and 12 food items were added to reflect Hispanic eating patterns. The estimation of 

nutrient consumption of each participant was calculated using the University of Minnesota’s 

Nutrition Coordinating Center nutrient database.28

The procedure used to calculate the E-DII scores for all participants, from the FFQ, has 

been described elsewhere.15,16 Briefly, the DII was created after an extensive literature 

review of the pro- or anti-inflammatory effect of 45 dietary components or food parameters. 

Each food parameter received a parameter-specific overall inflammatory effect score that 

was calculated based on the pro-inflammatory, anti-inflammatory, or null effect of that 

dietary component in the scientific articles, taking into consideration the total number 

of articles published and the study design.14,15 Using the participants’ nutrients intake 

calculated from the FFQ, the Z-score and centered percentiles were calculated for each one 

of the available 32 food parameters for each study participant based on the energy-adjusted 

average and standard deviation from a global composite dataset created for this purpose.15 

After this step, the centered proportion for each food parameter was multiplied by the 

respective overall food parameter-specific inflammatory effect score to obtain the food 

parameter-specific DII score. Finally, all the food parameter-specific DII scores were added 

together to create the overall DII score for an individual. The E-DII scores were computed 

similarly. However, all dietary intake was expressed per 1,000 kcal per day, and a global 

energy-adjusted comparative database was used to compute E-DII scores.16 DII/E-DII scores 

> 0 represent proinflammatory diets, and DII/E-DII scores ≤ 0 represent anti-inflammatory 

diets. The DII scores in the original study ranged from 7.98 (ie, strongly pro-inflammatory) 

to −8.87 (ie, strongly anti-inflammatory).15

In the WHI FFQ, 32 of the 45 original DII components were available for inclusion in the 

overall E-DII score (alcohol, vitamin B12, vitamin B6, β-carotene, caffeine, carbohydrate, 

cholesterol, energy, total fat, dietary fiber, folic acid, iron, magnesium, monounsaturated 

fatty acids, niacin, omega 3, omega 6, onion, protein, polyunsaturated fatty acids, riboflavin, 

saturated fat, selenium, thiamin, trans fat, vitamin A, vitamin C, vitamin D, vitamin E, 

zinc, green tea or black tea, and isoflavones). The components ginger, turmeric, garlic, 

oregano, pepper, rosemary, eugenol, saffron, flavan-3-ol, flavones, flavonols, flavonones, 

and anthocyanidins that were included in the original DII calculation were not included in 

the WHI FFQ or were not available in the nutrient database.28,29 Both the DII and E-DII 

scores were calculated without considering the use of nutritional supplements.
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Covariates

The study covariates were determined using baseline data from both the observational study 

and clinical trial components of the WHI study. Self-reported demographic information 

included age, ethnicity, and preferred language. Neighborhood socioeconomic status (NSES) 

was evaluated using a standardized geocoding protocol, which linked individual WHI 

participant addresses to the year 2000 US Census Federal Information Processing Standards 

codes and tract-level socioeconomic data. A summary measure of each participant’s 

neighborhood socioeconomic environment was estimated from the tract-level data using 

6 variables representing several dimensions of wealth and income.30 Higher NSES scores 

represent a higher neighborhood socioeconomic status.

The following risk factors for T2DM were also examined: physical activity, smoking status, 

acculturation, alcohol intake, body mass index (BMI), and other chronic diseases. Physical 

activity was evaluated with a validated physical activity questionnaire, and it was included in 

the model as the total minutes of recreational physical activity per week, including walking 

and mild, moderate, and strenuous physical activity.31 Smoking status was determined as 

never or past or current smoker. Language preference (English or Spanish) was used as 

a proxy measure for acculturation status. Alcohol intake in grams per day was estimated 

using an FFQ.27 For BMI, weight was measured to the nearest 0.1 kg on a balance beam 

scale with light clothing and removal of shoes. Height was measured to the nearest 0.1 cm, 

using a wall-mounted Harpenden stadiometer. Body mass index was calculated as weight 

(kg) divided by the square of measured height (m2).32 Hypertension was defined as systolic 

pressure ≥130 mm Hg or diastolic ≥80 mm Hg or self-reported hypertension with the use 

of antihypertensive medication.33 Diagnosis of family history of T2DM at baseline was 

obtained from the medical history questionnaire in response to the question “Did your 

mother or father, or full-blooded sisters, full-blooded brothers, daughters, or sons ever have 

sugar diabetes or high blood sugar that first appeared as an adult?” Hypercholesterolemia 

was defined by self-report at baseline and then by use of lipid-modulating medication.33 

Obesity was defined as a BMI ≥ 30. Diet quality was assessed using the Healthy Eating 

Index-2015 using the simple Healthy Eating Index scoring algorithm method.34,35

Statistical Analysis

Two-sample t-tests were applied to compare the mean differences of each continuous 

variable between participants with and without diabetes. Chi-squared tests were used 

to compare the two groups on categorical variables. The DII/E-DII scores between 

Hispanic heritage groups were compared using one-way analysis of variance, and pairwise 

comparisons were made using the Tukey test. Separate Cox regression models were fit to 

examine the association between DII and E-DII scores at baseline and incident diabetes. 

The analyses were restricted only to follow-up events, and time-to-diabetes occurrence was 

the outcome of interest. Incident diabetes status was used as a dichotomous trait (0 = no, 

1 = yes) as the indicator variable for failure/censorship. The survival time for participants 

who did not develop incident diabetes was defined as the days from enrollment to the end 

of follow-up (the follow-up time for diabetes events in this analysis includes data until 

September 2018). Hazard ratios (HR) and 95% confidence intervals (CI) are presented 

for each model. Cox regression models were conducted with and without adjusting 
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for age at entry, lifestyle-related risk factors (smoking, alcohol intake, physical activity, 

and acculturation), known T2DM risk factors (family history of diabetes, hypertension, 

hypercholesterolemia, and BMI), and NSES. These covariates were serially added to the 

model, and the final model included all covariates. To determine whether the models 

with the DII or the E-DII scores would be used in the final analyses, the goodness of 

fit test using the χ2 statistic as well as the correlation between the DII/E-DII scores and 

diet quality was used. Multiple imputation with the fully conditional specification method 

was used to estimate missing values of the variable NSES (N = 237, which represents 

7.5% of the observations) and physical activity (N = 139, which represents 4.5% of the 

observations), assuming that data were missing at random. Sensitivity analyses excluding 

women in the control arm of the dietary modification trial and considering the use of 

nutritional supplements in the calculation of the DII/E-DII scores were performed. The role 

of obesity as a potential effect modifier was evaluated by including an interaction between 

the DII/E-DII scores and obesity in the fully adjusted models. Analyses were performed 

using SAS software.36 All statistical tests were two-sided, and P ≤ 0.05 was considered 

statistically significant.

RESULTS

Among 3,849 postmenopausal Hispanic women included in this study, 51.7% self-identified 

as having Mexican origin, 11.8% had Puerto Rican origin, 8.6% had Cuban origin, and 

27.9% self-identified as other Hispanic/Latino ethnicity backgrounds. The incidence of 

diabetes was 13.1% during a median follow-up of 13.0 years (min: 0.3 years; max: 24.0 

years). Women of Mexican and Puerto Rican ethnic descent had the highest incidence of 

diabetes (16.6%) followed by women in the category of other Hispanic/Latino ethnicity 

backgrounds (12.0%) and Cuban women (9.7%). The goodness-of-fit test showed that the E-

DII better fit our data than the DII (E-DII χ2 = 224.0 and DII χ2 = 219.8), and the analysis 

of correlation with diet quality indicated that E-DII scores have a stronger correlation with 

diet quality than DII scores (E-DII r = −0.78 and DII r = −0.22), and therefore, the E-DII 

is used as the basis for all results presented. The mean E-DII score was −0.4 ± 2.1 (min: 

−6.7; max: 5.5). Women of Puerto Rican origin and women in the Other Hispanic/Latino 

ethnicity backgrounds category had higher anti-inflammatory scores than Mexican women 

(P < 0.05), and there was no statistically significant difference between the E-DII scores of 

Cuban women and all the other Hispanic heritage groups (P > 0.05) (Fig 1).

Women with incident diabetes compared with women without incident diabetes had higher 

E-DII scores (more pro-inflammatory diet scores) and reported higher intakes of total fat, 

saturated fat, trans fat, and cholesterol (P < 0.05) (Table 1). Women with incident diabetes 

compared with women without incident diabetes were also more likely to have a higher 

prevalence of hypertension, hypercholesterolemia, obesity, and a family history of diabetes, 

and to be in hormone treatment arm relative to their counterparts (P < 0.05). Women with 

incident diabetes also had lower age (the difference is not biologically significant), NSES, 

alcohol intake, and use of nutritional supplements, and they reported less time engaging in 

physical activity than women without incident diabetes (P < 0.05). Finally, no statistically 

significant differences were found in the prevalence of smoking, acculturation status (ie, 

Zuercher et al. Page 7

J Acad Nutr Diet. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



preferred language), and intakes of energy, carbohydrates, dietary total sugar, protein, and 

dietary fiber between women with and without incident diabetes (P > 0.05).

Higher E-DII scores, representing more inflammatory diets, were associated with a higher 

risk of incident diabetes in fully adjusted models (HR, 1.09; 95% CI, 1.04–1.14); in 

other words, a 9% increase in T2DM risk per unit increase in E-DII score (Table 2). 

Sensitivity analyses showed that excluding participants from the control arm of the dietary 

modification trial and considering the use of nutritional supplements in the calculation of 

the E-DII scores did not change the HRs significantly (percentage change < 3%) (data not 

shown). Exploratory analysis that evaluated the association between DII scores (not adjusted 

by energy) and diabetes showed that the DII scores were not statistically significantly 

associated with the risk of diabetes (data not shown).

The interaction term between the E-DII scores and obesity was not statistically significant 

(P = 0.73) (Table 3). Exploratory analysis including an interaction term with BMI instead of 

obesity showed that the interaction term was not statistically significant either (P = 0.55).

DISCUSSION

Higher E-DII scores were associated with a higher risk of incident diabetes among 

postmenopausal Hispanic women. Similar results were found in previous studies 

that evaluated the association between the DII/E-DII and T2DM or T2DM-related 

outcomes.11,12,17,18 The mechanism by which a proinflammatory diet can increase the risk 

of diabetes is proposed to include the modulation of the levels of inflammatory markers that 

increase insulin resistance, as well as serum lipids and glucose.14,15,21,37

In the current study, the non–energy-adjusted DII was not statistically significantly 

associated with the risk of incident diabetes. This may be because the adjustment by energy 

intake on the E-DII accounts for different eating patterns that are associated with positive 

and negative correlations between energy and nutrient intake, which also may explain the 

stronger correlation with diet quality of the E-DII in comparison with the DII.16

Women in the Other Hispanic/Latino ethnicity backgrounds category had the highest 

anti-inflammatory scores, followed by Puerto Rican women, Cuban women, and Mexican 

women. Similar results were found in the study conducted by Bermudez et. al. that evaluated 

the food intake of older Hispanic adults in the U.S. where Puerto Rican women had lower 

consumption of pro-inflammatory nutrients (protein, carbohydrates, and sugar) and higher 

consumption of anti-inflammatory nutrients (complex carbohydrates and unsaturated fats) 

than women in the “Other Hispanic” category.38 Different results were reported in the study 

conducted by Siega-Riz et. al. that evaluated the intake of nutrients in different Hispanic 

groups where results showed that participants of Mexican origin had a higher intake of 

anti-inflammatory nutrients (vitamin C, calcium, and fiber) than those of other Hispanic 

heritage groups; in comparison, participants of Cuban origin had the highest intake of 

pro-inflammatory nutrients (total energy, macronutrients, and alcohol) and participants of 

Puerto Rican origin had the lowest intake of anti-inflammatory nutrients (vitamin C, and 

fiber).39 The differences between the results may be explained by the differences in sex and 
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age of the study populations because the study conducted by Siega-Riz et. al. included both 

men and women in an age range between 17-74 years in contrast with this study and the 

study conducted by Bermúdez et al38 that included older women.

Obesity did not modify the association between the E-DII and the risk of incident diabetes. 

The results suggest that increases in E-DII scores were associated with increased risk 

of incident diabetes of the same magnitude in women with and without obesity. This 

contrasts previous studies that found that the association between the DII and cardiovascular 

disease and interleukin-6 was stronger or only significant in participants with overweight 

or obesity but not in participants with normal weight.22,23 The differences in the results 

may suggest that obesity plays a role as an effect modifier of the association between 

dietary inflammation and cardiovascular disease but not in the association between dietary 

inflammation and T2DM. Another potential explanation for the inconsistencies in the 

results is the differences in the characteristics of the participants of the studies, because 

previous studies involved mostly non-Hispanic White participants, and one of the studies 

was conducted among university graduates so age, sex, and education level also could 

contribute to the observed differences.23

Adding lifestyle-related risk factors and known T2DM risk factors to the different models 

resulted in a modest attenuation of the HRs. This might be because these variables influence 

alternative pathways through which diet or diet quality can affect the risk of T2DM. 

Therefore, these variables may be considered mediators of the relationship between the 

E-DII and diabetes. Adding NSES to the models did not modify the HRs nor the statistical 

significance of the relationship between the E-DII and diabetes. This may be because 

socioeconomic status is also associated with T2DM risk factors, so, by simultaneously 

having T2DM risk factors and NSES in the model, we are controlling for the indirect effect 

of socioeconomic status over T2DM risk that is mediated by T2DM risk factors.40

Based on this study’s findings that pro-inflammatory diets are associated with the 

development of incident diabetes in Hispanic women, it is important to highlight the 

importance of addressing other factors associated with disparities in diet quality in Hispanic 

populations. Studies have shown that food insecurity is inversely associated with diet quality 

and therefore is associated with an increase in the risk of diet-related chronic disease in 

low-income adults.41-43 Rates of food insecurity are higher among Black and Hispanic 

adults than in non-Hispanic White adults.41,44 Moreover, many low-income and minority 

neighborhoods experience limited access to healthy foods (food deserts) or increased 

exposure to unhealthy foods (food swamps), which affects the quality of their diets.45-47 

Neighborhood socioeconomic status has also been associated with diabetes risk in Hispanic 

women; higher NSES scores were associated with lower diabetes risk.30 Thus, future 

interventions to reduce dietary inflammation in Hispanic women should be accompanied 

by efforts to reduce food insecurity and improve food environments to reduce the risk of 

diabetes and other chronic diseases in this disadvantaged population.

This study has important implications for research on nutrition and health in older Hispanic 

populations. This is the first study to evaluate the association between the E-DII and the risk 

of T2DM in a diverse Hispanic population. Our findings provide a basis so that nutrition 
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professionals can have a better understanding of the pathophysiological link between 

diet, inflammation, and T2DM in Hispanic women and use it to guide the development 

of lifestyle interventions to reduce the risk of T2DM in this population. Based on our 

findings, a diet with a lower consumption of pro-inflammatory nutrients (ie, carbohydrates, 

cholesterol, total fats, saturated fats, trans fats, protein, Fe, and vitamin B12) and a higher 

consumption of anti-inflammatory nutrients (ie, dietary fiber, folic acid, unsaturated fats, 

and vitamins A, C, D, and E), is consistent with the Dietary Guidelines for Americans 

and can help to reduce the risk of T2DM.48 Moreover, this study adds to the literature 

regarding the link between the E-DII and chronic noncommunicable diseases. Our findings 

show that the E-DII provides a noninvasive tool to assess the inflammatory potential of the 

diet, and future research can assess whether dietary interventions have an effect on reducing 

people’s E-DII scores. Lifestyle interventions that promote healthy diets while adapting 

dietary recommendations to the cultural preferences of Hispanic women are needed to help 

reduce health disparities in this population.

The strengths of this study include the large Hispanic study population from diverse 

heritage backgrounds and a prospective longitudinal study design. Additional strengths 

include the validation of self-reported diabetes in the WHI through concordance of medical 

records, documented treatment of antidiabetic medications, or physician diagnosis of T2DM 

supported by laboratory measurements of glucose.25,26 Another strength is that the WHI 

FFQ was designed to reflect the diverse, regional, and ethnic eating patterns of the United 

States, including Hispanic eating patterns. In addition, many physical, biological, and social 

covariates were available in the WHI database to reduce the residual confounding of the 

models. Finally, the DII has been validated to predict concentrations of inflammatory 

markers in the WHI.29

Limitations of this study include the use of only baseline dietary information that did 

not allow for evaluation of changes in the inflammatory potential of diet over time and 

measurement errors in the dietary assessment that is associated with self-report of diet.49,50 

In addition, there was a short recall period in the WHI FFQ (only 3 months) and 13 missing 

anti-inflammatory components from the original DII calculation. However, in the initial 

validation of the DII, the loss of even more parameters did not reduce the ability to predict 

interval changes in C-reactive protein values over a year.51

CONCLUSIONS

Pro-inflammatory diets, as measured by higher E-DII scores, were associated with a higher 

risk of incident diabetes among postmenopausal Hispanic women. Obesity was not shown to 

modify the effect of the E-DII over the risk of incident diabetes. Future research is needed 

to understand how diets’ inflammatory potential can be decreased, especially across diverse 

ethnicities, to reduce the impact of chronic diseases, including diabetes.
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RESEARCH SNAPSHOT

Research Question:

Are the dietary inflammatory index (DII) and energy-adjusted DII (E-DII) associated 

with incident diabetes in self-identified Hispanic women from the Women’s Health 

Initiative? Does obesity modify the association between the DII scores and incident 

diabetes?

Key Findings:

Results showed that pro-inflammatory diets were associated with a higher risk of diabetes 

and that obesity did not modify the effect of the energy-adjusted dietary inflammatory 

index (E-DII) on the risk of diabetes.
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Figure 1. 
Average energy-adjusted dietary inflammatory index (E-DII) scoresa (±standard error) in 

the different Hispanic heritage groupsb,c of the Women’s Health Initiative. aE-DII scores 

higher than zero represent pro-inflammatory diets with higher E-DII scores representing 

more inflammatory diets. E-DII scores lower than zero represent anti-inflammatory diets 

with lower E-DII scores representing more anti-inflammatory diets. bValues not sharing a 

common superscript (y, z) are significantly different from each other using a Tukey test with 

α = 0.05. cn = 2,866 due to missingness in the reporting of the Hispanic heritage groups.
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Table 3.

Test for interaction between the energy-adjusted dietary inflammatory index scores and obesity in Hispanic 

women from the Women’s Health Initiative (n = 3,751)a

Models P-Value of interaction termb

Model 4c + E-DIId*obesity 0.73

Model 4 + E-DII*BMIe 0.55

a
The sample size does not equal 3,849 because of the missingness of responses in some covariates.

b
P-values are for interaction terms in Cox regression models.

c
Model 4 is adjusted by age at baseline, lifestyle-related risk factors, known type 2 diabetes risk factors, and neighborhood socioeconomic status.

d
E-DII = energy-adjusted dietary inflammatory index.

e
BMI = body mass index.
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