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ABSTRACT  
 

The prevalence of obesity is higher in Hispanic women than for Non-Hispanic Whites 

(NHW) with rates of 45% and 33%, respectively; yet, Hispanic women have lower incidence of 

most obesity-related cancers as compared to NHW. Little is known about the role of diet, a 

modifiable risk factor, and obesity-related cancer risk in this population. Previous work in the 

Women’s Health Initiative (WHI) found that post-menopausal Hispanic women with higher 

adherence to the American Cancer Society (ACS) guidelines for diet and physical activity 

demonstrated lower cancer incidence. More specifically, Hispanic women with the highest 

adherence to ACS guidelines had a 47% risk reduction for any incident cancer. These data warrant 

further investigation of the relationship between diet and cancer risk in post-menopausal Hispanic 

women. The purpose of this project was to evaluate the association between diet quality, as 

measured by alternate Mediterranean Score (aMED), the Healthy Eating Index-2015 (HEI-2015), 

the Dietary Inflammatory Index (DII) and Mexican Diet (MexD) score, and incidence of obesity-

related cancers among Hispanic postmenopausal women participating in the WHI. Baseline dietary 

intake of WHI clinical trial and observational study Hispanic women (N= 5,482), estimated from 

Food Frequency Questionnaires (FFQ), were scored for dietary quality.  Scores can range from 0 

to 9 for the aMED score, 0 to 100 for the HEI-2015, -8.87 to 7.98 for the DII, and from 0 to 12 for 

the MexD score. Scores were divided into quartiles of increasing score. Cox proportional hazard 

analyses adjusted for age, body mass index (BMI), smoking, alcohol, neighborhood 

socioeconomic status (NSES), diabetes, physical activity, and clinical trial arm(s) were performed 

to evaluate diet quality scores and obesity-related cancer risk. Among Hispanic postmenopausal 

women, there were 399 incident cases of obesity-related cancer over a period of 12 years. 

Congruent with national statistics, the most prevalent cancer types were breast (n= 207) and 
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colorectal (n= 64 cancers). Mean diet quality scores were as follows; for aMED 3.5 ± 1.6, 56 ± 

11.6 for HEI-2015, for DII -0.46 ± 1.9, and MexD 5.7 ± 1.9. Hazard Ratio (HR) for any cancer 

were 1.22 (95% CI= 0.92, 1.62) for aMED, 0.97 (95% CI= 0.75, 1,26) for HEI-2015, 0.96 (95% 

CI= 0.74, 1.24) for DII and 0.91 (95% CI= 0.71, 1.18) for MexD scores.  For obesity-related cancer 

HR were 0.94 (95% CI= 0.66, 1.34) for aMED scores, 0.91 (95% CI= 0.66, 1.25) for the HEI-

2015, 1.18 (0.86-1.62) for DII, and 0.97 (95% CI= 0.70, 1.33). These results suggest that higher 

scores representative of a higher diet quality for aMED, HEI-2015, and MexD, and lower DII 

scores, are not associated with total cancer and obesity-related cancer risk in postmenopausal 

Hispanic women enrolled in WHI.  
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Chapter 1.  
Obesity and Cancer 
 

The Centers for Disease Control and Prevention observed an association of overweight and 

obesity with increased risk for 13 different types of cancers1. Such cancers vary from common 

cancers in the United States (US) such as colorectal and breast, to less common cancers such 

as gallbladder and pancreas (Figure 1).  In 2014, approximately 630,000 people were 

diagnosed with an obesity-related cancer accounting for 40% of all cancers diagnosed in the 

U.S. This high rate of incidence is concerning, as research indicates that 2 out of 3 adults in 

the U.S are overweight and obese2, placing tens of millions at increased risk. Additionally, 

extensive research suggests that obesity is associated with several mechanisms that are known 

to promote cancer development and therefore poses a major public health concern.  

In 2000, Hanahan and Weinberg proposed six hallmarks of tumor growth and metastasis3, 

including cell death, sustaining proliferative signaling, evading growth suppressors, activation 

invasion and metastasis, inducing angiogenesis, and enabling replicative immortality. More 

recently, Hanahan and Weinberg reported additional attributes of cancer cells found to be 

important for cancer development those include down regulating cellular energetics, avoiding 

immune destruction, genome instability and mutation, and tumor-promotive inflammation4. 

Proposed mechanisms of action through which obesity contributes to these hallmarks of cancer 

include down regulation of  signaling pathways such as the PI3/AKT/mTOR and JAK-

STAT,WNT, down regulation of sex hormones,  increased secretion of adipokines, increased 

insulin resistance, increased insulin growth factors (IGF), and promotion of inflammation5. 

The role of obesity and its potential contribution to cancer is evident, therefore efforts to 

identify how to address the issue of obesity to reduce health burden is needed.   
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Some of the most convincing evidence on factors influencing obesity lies in the role of diet. For 

example, a “Western type of diet”, which is characterized by excessive saturated and trans fatty 

acids, high in red meats, high sodium intake, increased refined sugars, increased intake of 

processed foods as well as low consumption of beneficial foods such as fruits, vegetables, low 

overall fiber intake, has been associated with an increased risk for general and central obesity6,7. 

Similar associations have been reported globally and across racial/ethnic groups. On the other 

hand, other dietary patterns such as the Mediterranean diet, characterized by primarily plant-based 

foods such as fruits, vegetables, whole grains, legumes, nuts, consumption of healthy fats such as 

olive oil and canola oil, as well as limiting consumption of red meat to no more than a few times 

a month, have been associated with a reduced risk of developing overweight or obesity. Adherence 

to a Mediterranean diet pattern was associated with a significantly lower likelihood of becoming 

obese among overweight subjects, with similar strengths of associations in women (OR: 0.69; 95% 

CI= 0.54 , 0.89) and men (OR: 0.68, CI= 0.53, 0.89)8. Overall, the literature supports an association 

between diet, a modifiable risk behavior, and obesity and therefore presents an opportunity to 

modify a risk factor for obesity-related cancer.  
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Figure 1. Cancers associated with overweight and obesity by the CDC 
 

  
 
 
 

1.2 Diet and Cancer   
 
 Extensive studies have determined that only 5% of tumors can be attributed to genetic 

causes while environmental and lifestyle factors account for the other 95%9. It has been estimated 

that 30-35% of cancer deaths in the U.S are linked to diet, a modifiable risk behavior10. Despite 

such findings, the specific etiologic effects of diet to cancer development are not yet fully 

understood. For over two decades, the World Cancer Research Fund (WCRF) and American 

Institutes for Cancer Research (AICR) have combined their efforts to bring together evidence on 

nutritional factors and the risk of various cancers11, in what it is known as the Continuous Update 

Project (CUP). Several dietary factors have been identified by CUP, among them, foods such as 

fruits and vegetables, dietary fiber, dairy products, meat and processed meat, and alcoholic 
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beverages are highlighted12. Such dietary components can be further divided into two different 

categories; factors that decrease the risk for cancer such as fruits and vegetables, dietary fiber, and 

dairy products, and factors that increase risk for cancers such as meats and processed meats, and 

alcoholic beverages (Figure 2).  

 

 

Figure 2. Summary table for levels of evidence between nutrition factors and obesity-related 
cancer risk from the WCRF/AICR Continuous Update Project 
  

Cancer 
Type 

Alcohol Red 
Meat 

Processed 
Meats  

Fruits Vegetables 
(non-starchy) 

Dietary 
Fiber 

Dairy 

Esophagus        
Stomach        
Colorectal        
Pancreas        
Liver        
Gallbladder        
Kidney        
Breast         
Ovarian        
Thyroid        
Endometrium         
Multiple 
Myeloma 

       

 

Convincing Probable Suggestive  Convincing Probable Suggestive 
Increases risk  Decreases risk 
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Dietary Factors Associated with Reduced Risk for Cancer  
 

The fruits and vegetable category is comprised of all fresh, frozen, canned, raw and cooked 

fruits and vegetables with the exclusion of nuts, seeds, dried fruits, potatoes and pulses13. Studies 

evaluating the relationship between fruits and/or vegetables have been conducted over several 

decades. An inverse association has been found such that higher intake of fruits and vegetables is 

associated with lower cancer risk 14,15. The WCRF/AICR has published data indicating the level 

of evidence of the protective effects of fruit and vegetable consumption. Figure 2 summarizes the 

evidence for obesity-related cancers.  

 The association between dietary fiber intake and risk for various cancers has been 

extensively evaluated16. Overall, studies have found an association between high dietary fiber 

intake and reduced risk for several obesity-related cancers17. The relationship between dietary fiber 

intake and breast cancer had been deemed as “not conclusive” by the 2010 WCRF/AICR report 18. 

However, a new meta-analysis published by Aune et al., showed that for every 10 grams of dietary 

fiber consumed per day, there was a 5% decrease in breast cancer risk (95% CI= 0.91, 0.98). These 

results were considered sufficient for experts to conclude that higher fiber intake was associated 

with “probable” decreased risk for breast cancer19. For colorectal cancer risk, the level of evidence 

of a protective association with fiber has been classified as “probable”. Additionally, these reports 

have classified the relationship between dietary fiber and esophageal cancer as “suggestive”, for 

stomach, endometrium, ovary, pancreas as “not conclusive” (Figure 2).  

Lastly, another dietary category evaluated in relation to cancer risk was dairy. Products 

such as milk, cheese, and yogurt (and less frequently, butter and ice cream) are the main foods that 

are included in the dairy category. The association between dairy product intake and cancer risk 

has been inconsistent. Based on the results of Aune et al., the evidence classification for the 
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association between milk and total dairy products and colorectal cancer risk, was reported as 

“probable” by the WCRF/AICR in the WCRF/AICR 2011 report 20. There is also a “suggestive” 

classification assigned to the association between dairy and breast cancer. 

 

Dietary Factors Associated with Increased Risk for Cancer 
 

All meat from domesticated animals that contain more red than white muscle fibers 

comprise the red meat category, including beef, pork, lamb, and goat. Processed meats, these are 

defined as meats that have been smoked, cured, salted, or that chemical preservatives have been 

added, for the purpose of preservation12. The WCRF has established that there is “convincing” 

evidence that processed meat increase the risk for colorectal cancer risk21. Specifically, it was 

found that the consumption of 100 grams of red meat or 50 grams of processed meat increases the 

risk for colorectal cancer by 15-20%. Such results have been consistent in the literature such as in 

a study conducted by Ferguson and colleagues 22. Heavy consumption of red meats and processed 

meats also has been associated with increased risk for other cancers including breast and pancreas, 

with an evidence level of “suggestive” as deemed by the WCRF/AICR. 

Between 2002 and 2012, a total of about 769,000 cases of cancer were attributable to 

alcohol consumption representing 5.5% of all cancers worldwide23. Alcoholic beverages include 

wines, beers, spirits, ciders, among others. So far, the association between alcoholic beverages and 

cancer incidence has been reported and compiled for different cancer sites by the WCRF/AICR. 

In summary, the WCRF/AICR has reported “convincing” evidence for the relationship of alcohol 

consumption and increased risk for cancers of the mouth, pharynx, larynx, esophageal, breast 

cancer, liver, and colorectal cancer for men but probable for women13,18,21. Additionally, evidence 

marked as “probable” was reported for stomach and “suggestive” for pancreas.   
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It is evident that investigating the role of diet in cancer risk and development is of 

importance. Because research studies often times fail to uncover “concluding” evidence on specific 

foods or nutrients and their role on cancer, in recent years, dietary patterns have been promoted as 

a way to better capture the complexity of dietary intake, moving beyond analysis of single foods 

or nutrients. The Dietary Guidelines Advisory Committees (DGAC) has acknowledged the 

importance and beneficial impact on investigating dietary patterns. The 2015 DGAC has noted 

that it is often not possible to separate the effects of individual foods and nutrients and that the 

combinations and quantities in which foods and nutrients are consumed may have synergistic and 

cumulative effects on health and disease24. Other organizations such as the American Heart 

Association, the American College of Cardiology, and the National Cancer Institute have also 

recognized the importance of identify dietary patterns and investigating their relationship to 

various health outcomes and have encouraged additional research on this area24.  
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1.3 Diet Quality Indices  
 

Table 1.  Criteria for optimal scoring for four diet quality indices 
  

Dietary 
Component 

 

Diet Quality Index  
 

Score range: aMED 
(0-9) 

HEI-2015 
(0-100) 

MexD 
(0-12) 

DII 
(-8.87- 7.98) 

 
 
 

Carbohydrates  

 
 
 
Grains: > median 

 
Refined 
carbohydrates:  
<1.8 oz 
 
Whole grains: >1.5 oz 

All types of rice:  
> median 
 

Corn tortillas: 
> median 
 

Refined grains:  
< median 

 
 
Carbohydrates  
Fiber  

 
 

Fats 

 
Ratio of MUFA to 
SFA > Median 

 

(PUFA + MUFA 
/SFA)  > 2.5 
 
Saturated Fats: 
≤8% of energy 

 
Oils: < median 
 
Solid fats:  
< median 

Cholesterol 
Total fat  
MUFA & PUFA 
n-3 FA & n-6 FA 
Saturated fat  
Trans fat  

 
 

Protein 

Fish: > median 
Legumes: > median 
 
 

Red and processed 
meats: < median  

Sea food & plant 
proteins: ≥ 0.8 oz 
 
 

Total protein foods: 
 > 2.5 oz  

 
Beans: > median 
 

Processed meats: 
 < median 

 
 
Protein  

 
 

Fruits 

 
 
Fruit: > median 

Total fruits:  
≥0.8 cup 
 

Whole fruits:  
≥0.4 cup 

 
 
Fruit: > median 

Minerals  
 

Vitamins  
 

Phytochemicals  

 
 

Vegetables 

 
Vegetables 
(excluding 
potatoes): > median 

Total vegetables:  
> 1.1 cup 
 

Greens & beans:  
> 0.2 cup 

 
 
Vegetables:  
> median 

Allium vegetables  
 

Minerals  
 

Vitamins  
 

Phytochemicals 
 

Dairy 
Dairy products:  
< median 

Milk/dairy:  
> 1.3 cup 

Full fat milk and 
cheese:  > median 

 

- 
 

Empty  
calories 

 
 

Alcohol: 5-15 g 
 

Added sugars:  
≤6.5% of energy 

 

Total sugars (g/d):  
< median 

 
Alcohol (g) 

 
 

Other 

 
 
 

Nuts & seeds:  
> median 

 
 
 

Sodium:  
≤1.1 gram 

Soups: > median 
 

Mixed dishes:  
> median 

Caffeine 
Tea  
Spices  
Total energy 
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There is no specific global definition for dietary patterns and these vary widely.  However, 

most agree that a healthy pattern includes a diet high in fruits, vegetables, poultry, fish, whole 

grains and cereals, and low intake of fats, and  an unhealthy pattern refers to a diet high in 

red/processed meats, refined sugars, potatoes, high intake of daily fats, as well as a diet high in 

alcoholic beverages25.  Dietary quality tools use priori approaches to evaluate dietary patterns on 

the basis of dietary recommendations and existing scientific evidence 26. The quality of a dietary 

pattern can be determined by assessing the nutrient content of its constituent foods and beverages 

and comparing these to nutrient requirements. The use of these dietary assessment tools allows 

investigators to examine an individual’s diet and allows for the examination of associations 

between dietary patterns and health outcomes. Additionally, diet quality tools make it possible to 

investigate and identify protective and unfavorable dietary intake patterns.   

 

1.4 Diet Quality and Cancer Risk in NHW Women  
 

Current research has been developed to identified dietary patterns that may be associated 

with reduced all-cause, site-specific cancer risk across different populations. Among the many 

different dietary tools developed in recent decades, some of the most widely used for the 

assessment of cancer risk include the alternative Mediterranean Diet Score (aMED), which has 

been associated with favorable overall health outcomes including cancer 27,  and the Healthy Eating 

Index (HEI), which measures adherence to the Dietary Guidelines for Americans. Most recently, 

new dietary pattern tools have been developed with the purpose of addressing influential factors 

for cancer development such as the Dietary Inflammatory Index (DII), the first diet quality tool to 

measure diet induced inflammation28. Additionally, since most dietary quality indices have been 

utilized and validated in a Non-Hispanic White population, other investigators have focused their 
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efforts in developing a more culturally-sensitive dietary measurement tool like the Mexican Diet 

Score (MexD). Summarized in Table 1 are the components and the requirements for optimal 

scoring for each diet quality index presented.   

 

Alternative-Mediterranean Diet Score:  
 

Since 1990, evidence has emerged on the association between the Mediterranean diet and 

its positive impact on health and longevity27. This diet is reflective of the dietary pattern followed 

by the Greek population in the Mediterranean region up to the 1960s29. The aMED is a tool that 

allows for the comparison of an individual’s diet to traditional Mediterranean diet components 30. 

These include, vegetables, fruits, nuts, cereals, legumes, and fish, which are considered beneficial 

components, and red and processed meat, and dairy products as detrimental. A score of 1 is given 

to a beneficial food component consumed in amounts above the median and detrimental 

components consumed in amounts below the median. A score of 0 is given if beneficial foods were 

consumed in amounts below the median and detrimental foods consumed in amounts above the 

median. Lastly, recommendations related to alcohol consumption are sex-specific with a score of 

1 given to women that consumed between 0.5 to 1.5 servings per day and 1.5 to 2.0 for men, a 

score of 0 assigned if consumption was below or exceeded the amount. This diet quality tool has 

been utilized to examine the relationship between aMED scores, indicative or not of adherence to 

Mediterranean diet, and cancer risk. Studies reporting results for women in particular, are 

summarized here.   

Investigating the relationship between the Mediterranean diet and cancer risk could provide 

insight on the potential beneficial effects of this diet on cancer burden. Although most researchers 

have focused on the effects of the Mediterranean diet on mortality, only a small number have 
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investigated its relationship with cancer incidence, and fewer have reported such outcomes for 

NHW women only. A study conducted by Couto and colleagues looked at the effects of adherence 

to Mediterranean Diet and overall cancer risk31.  Using data from the European Prospective 

Investigation into Cancer and nutrition, a multi-center prospective cohort study, the investigators 

analyzed 142,605 men and 335,873 women. For women, there were 21, 062 reported cancer cases 

after a mean follow up time of 8.7 years. Results of this study reported that higher adherence to a 

Mediterranean diet, as seen by higher aMED scores, was inversely associated with risk for overall 

cancer risk in both men and women. Particularly for women, for every two-point increase in aMED 

scores, there was a 4% reduced risk for overall cancer. When translating the relative risk measures 

into attributable fractions, investigators found that 2.4% of cancers in women would have been 

avoided if all study subjects shifted in the highest category of the Mediterranean diet score (⩾6 

points). 

A study conducted by Vargas et al. evaluated at colorectal cancer incidence and its 

association to diet quality, as measured by aMED scores among other diet quality indices32. This 

study included 78,273 postmenopausal women from the Women’s Health Initiative- Observational 

Study (WHI-OS) and were followed up for a mean time of 12.1 years. After adjusting for age, 

race/ethnicity, physical activity, education level, smoking status, and hormone replacement 

therapy, aMED scores in quintile 5 vs quintile 1, were not associated with lower colorectal cancer 

risk (HR 0.91, 95% CI= 0.74, 1.11, p-value= 0.358). Similar findings were reported by other 

investigators that utilized variations of the Mediterranean diet score; Reedy and colleagues33, 

Bamia et al.34, and  Fung et al.35 

A study conducted by Fung et al., investigated the association between diet quality and 

breast cancer risk by utilizing several diet quality tools including aMED36. This study included 
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71,058 women from the Nurse’s Health Study (NHS) and utilized self-reported breast cancer 

incidence for the analysis. This study found that there was not an association between overall 

breast cancer incidence and aMED scores, however, when breast cancer cases were analyzed by 

ER status of the tumor, aMED scores were inversely associated with ER negative breast cancer. 

For every 10% increase in aMED scores, indicative of a healthier diet, there was a 7% risk 

reduction for ER negative breast cancer. In a different study conducted by Trichopoulou et al., 

examined the same relationship in the Greek European Prospective Investigation into Cancer and 

Nutrition (EPIC) cohort37. Approximately, 14,807 women were followed up for an average of 9.8 

years and 240 incident breast cancer cases were identified. Diet was assessed through a validated 

food-frequency questionnaire, and conformity to the Mediterranean diet was evaluated through a 

score (range = 0-9 points) incorporating the characteristics of this diet. Results of this study showed 

that increased adherence to the Mediterranean diet was not associated with lower breast cancer 

risk in the entire cohort (HR = 0.88 for every 2 points; 95% CI: 0.75, 1.03] or in premenopausal 

women (HR = 1.01 for every 2 points; 95% CI: 0.80, 1.28), but there was a significant inverse 

association among postmenopausal women (HR 0.78, 95% CI= 0.62, 0.98). Overall, this study 

suggested that there may be a more protective effect of a Mediterranean diet for postmenopausal 

breast cancer risk compared to women who do not follow a Mediterranean type of diet. 

Other obesity-related cancers have been studied in relationship to the aMED scoring 

system include liver cancer38, esophageal39, and gastric39,40. Men and women were both included 

in such studies, however, after testing for heterogeneity, results showed associations were similar 

in men and women and therefore only overall results were reported. An association between higher 

aMED scores was statistically associated with lower cancer risk for both, liver and esophageal 

cancer. For gastric cancer, one study reported significant results while the other one did not.  
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Healthy Eating Index  
 
 The purpose of the HEI is to assess how an individual’s diet aligns with the Dietary 

Guidelines for Americans (DGA). Since DGA are updated every 5 years, the HEI scoring system 

is also modified to reflect the changes in such guidelines. There are several variations of the HEI, 

that includes one variation per every DGA update; HEI-2005, HEI-2010, HEI-2015, in addition to 

other variations such as the AHEI41. These variations greatly differ in the food categories included 

in the scoring, and/or the cut points for the recommended intakes for food categories. For the latest 

DGA, HEI-2015 is composed of the following food categories: Total fruits, whole fruits, total 

vegetables, greens and beans, whole grains, dairy, total protein, seafood and plant proteins, fatty 

acid ratio, refined grains, sodium, added sugars, and saturated fats. Intakes consumed at the 

recommended level or higher are assigned the maximum score for that category, where anything 

under the recommendation is scored proportionally. Scores of all individual foods are added 

together in a total score.  

The HEI scoring system has been utilized by various investigators to examine the 

association between scores and health outcomes including cancer. A study conducted by 

McCullough and colleagues in the year of 2000 investigated the association between HEI scores 

and overall cancer risk42. In this study, 67, 272 women were included and followed up 12 years. 

Results did not find an association between HEI scores and overall cancer risk (RR = 1.02; 95% 

CI: 0.93, 1.12). On the other hand, Chieve et al.,  looked at the association between HEI-2005 and 

alternative HEI-2010 scores and risk for any cancer in the NHS cohort43. This study included 

71,495 women who were followed up for 24 years or more. Diet information was collected through 

FFQs administered every 4 years starting in 1984 through 2006. The results of this study 

demonstrated that both HEI-2005 and AHEI-2010 showed a 7% reduced risk for all-site cancers; 
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(RR 0.93, 95% CI= 0.87, 0.98 P-trend = 0.04), (RR= 0.93, 95% CI= 0.88, 0.99 P-trend = 0.01) 

respectively, when comparing quintile 1 vs 5. Similar results also have been published by 

Schwingshackl and colleagues in which higher HEI scores were associated with 16% reduced risk 

for cancer incidence or mortality (RR 0.84, 95% CI= 0.82, 0.87 I2= 66%)44. These results may 

suggest that compare to the DGA set forth in the year of 1995, which are reflected in the HEI 

scoring in the study of McCullough et al., DGA from 2005, 2010, and 2015 (reflected in HEI-

2005, HEI-2010, and HEI-2015 respectively) have been successfully evolving to address dietary 

guidelines that are more beneficial to reduce overall cancer risk.  

Colorectal cancer is the third most common cancer among both, men and women in the 

U.S45. The HEI scoring system has been utilized in order to examine the association between HEI 

scores and colorectal cancer. A study conducted by Vargas and colleagues analyzed this 

association between several diet quality indices, among them, the HEI-2010, and colorectal cancer 

incidence32. This study was composed of primarily NHW postmenopausal women from the 

Women’s Health Initiative Observational Study (WHI-OS). HEI-2010 scoring was divided into 

quintiles in which quintile 1 was used as the reference value. Results of this study showed that 

compared to quintile 1 (lower diet quality) quintile 5 was significantly associated with 28% 

reduced risk for colorectal cancer (HR 0.72, 95% CI: 0.57, 0.91, P = 0.01). These results are in 

line with  previous research study conducted by Reedy and colleagues in which the association 

between diet quality and colorectal cancer risk was evaluated but using HEI-200533. When 

comparing quintile 5 versus quintile 1, results showed a significant reduction in risk by 20% (HR 

= 0.80, 95% CI= 0.64, 0.98).  

Literature on the relationship between HEI and breast cancer risk has yielded inconsistent 

results. However,  a study conducted by Fung and colleagues, the relationship between AHEI and 
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breast cancer risk in postmenopausal women was examined36. Results were similar of that 

measured with the aMED scoring system. A relative risk of 0.78 (95% CI=0.59-1.04, P for 

trend=0.01) for the AHEI was found, compared to a relative risk of 0.79 (95% CI=0.60-1.03, P for 

trend=0.03) for the aMED when comparing the lowest quintile versus the highest. For both diet 

quality indices, an association was only found for ER negative breast cancer and not for ER 

positive. Overall, investigators concluded that women who score high in AHEI, have lower risk of 

ER negative breast cancer.  

The HEI scoring system also has been utilized in order to assess its relationship to risk of 

pancreatic cancer. A study conducted by Arem and colleagues utilized the HEI-2005 diet quality 

tool to examine its association with risk for pancreatic cancer in 537 218 men and women in the 

National Institutes of Health–American Association of Retired Persons Diet and Health Study46.  

Participants were followed up over a median of 10.5 years. There was a total of 853 pancreatic 

cases among women and 1,545 cancer cases among men. Among men, a lower risk of pancreatic 

cancer comparing extreme quintiles (HR = 0.83, 95% CI = 0.70 to 0.98) was found. However, 

although the hazard ratio was of similar magnitude for women it was not statistically significant 

(HR = 0.87, 95% CI = 0.70 to 1.09). These findings suggest that the protective effects of a higher 

quality diet as measured by higher HEI scores, may be limited to men.  

Unlike with colorectal and breast cancer, HEI scores have been found null when examining 

its relationship to epithelial ovarian cancer. A study conducted by Xie et al. assessed the 

associations of the HEI-2005, AHEI-2010, with risk of epithelial ovarian cancer prospectively 

among women in the Nurses’ Health Study47. During 24 years of follow-up, 696 incident epithelial 

ovarian cancer cases among 82,948 women documented. The multivariate adjusted hazard ratios 

of epithelial ovarian cancer comparing the highest with the lowest quintile were 1.03 (95% CI= 
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0.80, 1.34; p-trend 0.77) for the AHEI-2010, and 0.85 (95% CI= 0.65, 1.12; p-trend 0.57) for the 

HEI-2005. Based on this study’s results, dietary quality did not show potential for preventing 

ovarian cancer. These results are in accordance to the limited evidence for a statistically significant 

association between diet quality and ovarian cancer risk that Chandran and colleagues found in 

their study previously48.  

 

Dietary Inflammatory Index  
 
 Because inflammation has been identified as one of the hallmarks of cancer, and its association 

with cancer development has been reported, Shivappa et al, developed the DII 49. This is a 

literature-derived, population-based index that was developed with the sole purpose to measure 

diet induced inflammation from based on an individual’s diet. The DII scoring is based on forty-

five different foods and food compounds that, based on research studies, have been classified as 

inflammatory or anti-inflammatory. A more negative score is related to a more anti-inflammatory 

effect and a higher score to a more pro-inflammatory effect. The DII is based on a percentile 

scoring system that serves as actual values to which an individual’s intake of a certain food or food 

compound is multiplied to. This dietary index has been substantially utilized to assess its 

relationship to many different obesity-related cancers as presented below.  

Fowler and Akinyemiju conducted a systematic review and meta‐analysis of the current 

published literature on a DII score and its association with cancer risk. This study gathered 63 

published articles, out of which 23 met the inclusion criteria,  that calculated DII scores based on 

study specific FFQs, using the published methodology50. Several cancers were examined and 

relative risk scores reported. Overall, individuals with the highest versus lowest DII scores had a 

25% increased risk of overall cancer incidence (RR: 1.25, 95% CI= 1.16, 1.35) and a 75% higher 
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odds of cancer (OR: 1.75, 95% CI= 1.43, 2.16). There were consistent and significant positive 

associations between higher DII and cancer incidence, across cancer types, study populations, and 

study design. Although there are not many studies that looked at total cancer risk, there are plenty 

others that report results on site-specific cancers.  

 Both diet and systemic inflammation have been reported as risk factors for colorectal 

cancer. More substantial evidence has been published for colorectal cancer and its relationship to 

DII scores. A study conducted by Tabung et al, utilized this novel index in the WHI to 

prospectively evaluate its association with risk of colorectal cancer in postmenopausal women51. 

The DII was calculated from baseline FFQs administered to 152,536 women aged 50–79 years 

without CRC at baseline between 1993 and 1998 and followed through 2010. Incident CRC cases 

were ascertained through a centralized physician adjudication process. During an average 11.3 

years of follow-up, a total of 1,920 cases of colorectal cancer (1,559 colon and 361 rectal) were 

identified. Higher DII scores (representing a more pro-inflammatory diet) were associated with an 

increased incidence of colorectal cancer (HR:1.22; 95% CI= 1.05, 1.43; Ptrend=0.02) and colon 

cancer, specifically, proximal colon cancer (HR: 1.35; 95% CI, 1.05, 1.67; Ptrend=0.01). These 

results are also supported by two separate publications by Shivappa et al.,52,53. Overall, the 

investigators concluded that consumption of pro-inflammatory diets is associated with an 

increased risk of CRC, especially cancers located in the proximal colon. 

Diet in relation to breast cancer etiology has been studied extensively, but results have 

remained inconsistent. Various dietary components including fruits, vegetables, and meat have 

been implicated through their effects on inflammation. Using data from the Iowa Women's Health 

Study Shivappa et al., examined prospectively the association between the DII and breast cancer 

incidence54. DII scores were computed based on baseline dietary intake assessed by a validated 



 
25 

121-item FFQ in a cohort of 34,700 women, aged 55-69 years and followed for incident breast 

cancer. During the 25-year follow-up period, 2,910 incident breast cancer cases were identified. 

Results of this study showed a positive association between DII scores and breast cancer risk. 

There was an 11% increased risk for breast cancer when comparing tertile 3 (a more pro-

inflammatory diet) to tertile 1 (HR: 1.11 95% CI= 1.00, 1.22). Such association was found to be 

stronger in obese women with a 5% increased risk per unit increase in DII (HR: 1.05, 95% CI= 

1.02, 1.12) and a 35% increased risk when comparing tertile 3 versus tertile 1 (HR: 1.35 95% CI: 

1.10, 1.66). These results indicate that a more pro-inflammatory diet, as reflected by higher DII 

scores, appears to increase the risk of breast cancer, especially for postmenopausal obese women. 

The association between DII scores and increased breast cancer risk have also been reported by 

other studies. Shivappa and colleagues looked at this association in Swedish women and found a 

14% increase in risk for BC when comparing highest versus lowest quartile. Additionally, such 

relationship was stronger for postmenopausal women with a 22% increased risk for the highest 

quartile (HR: 1.22 95% CI= 1.01, 1.46)55.  Shivappa et al., found congruent results in an Italian 

cohort in which a 9% increased risk for one unit increase in DII was observed56.  

Diet-induced inflammation, as measured by the DII, and risk for other obesity- related 

cancers has been recently addressed in the literature. An Italian case-control study conducted 

between 1992 and 2004, evaluated the association between the DII and renal cell carcinoma 

(RCC), an obesity-related cancer57. A 41% greater risk for renal cancer was found when comparing 

the highest quartiles (indicative of a more pro-inflammatory diet) to the lowest (OR 1.41 95% CI= 

1.02, 1.97) in the overall sample. This association was stronger in women (OR 1.68 95% CI= 0.93, 

3.03).  These results were consistent with an analysis conducted in the Iowa’s Women Health 

Study58. Approximately, 33,817 women initially recruited at 55-69 years of age were followed for 
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incident renal cancers. Multivariable analyses revealed a positive association between higher DII 

scores and renal cancer risk with a 7% increased risk for renal cancer per single unit increase in 

DII score (95% CI 1.00, 1.15). Additionally, when comparing the highest tertile versus the lowest, 

a 52% higher risk for renal cancer was found (95% CI 1.09, 2.13). When stratified by weight, a 

slightly stronger association between DII and renal cancer risk was found for women with 

BMI <30 kg/m2 (HR: 1.57; 95% CI = 1.04, 2.36). Both studies demonstrate that a more pro-

inflammatory diet, as exhibited by higher DII scores, is positively associated with renal cancer 

risk.  

Higher DII scores have been associated with other obesity-related cancers including 

ovarian cancer. In a large Italian case-control study, participants with DII scores in the highest 

quartile had 1.47 times the odds of developing ovarian cancer compared with people with lower 

DII scores (95% CI= 1.07, 20.1)59. In a case-control study conducted in New Jersey showed no 

relationship between ovarian cancer and DII scores60. However, after stratifying by menopausal 

status, an association between DII and ovarian cancer was found in postmenopausal women of the 

cohort (OR 1.89; 95% CI= 1.02-3.52; Ptrend = 0.03). Findings from this study suggested that a pro-

inflammatory diet may increase risk for ovarian cancer among postmenopausal women. 

Lastly, the associations between DII and obesity-related cancer risk has been identified for 

esophageal61, pancreatic62, and gastric cancers 63  yielding results suggesting that higher DII scores 

are associated with higher risk for these cancers. The role of diet induced inflammation as 

measured by DII and increased risk for such cancers, has not yet been robustly examined in female-

only populations.  
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Mexican Diet Score  
 
 As diet quality indices gather more popularity and their effectiveness in assessing diet 

quality or dietary patterns and their association to health outcomes are investigated, researchers 

continue to put their efforts in developing methodologies for new tools to address other issues such 

as cultural differences. Recently, Santiago-Torres and colleagues developed the MexD score with 

the literature-derived hypothesis that a more traditional Mexican diet is associated with favorable 

metabolic outcomes that lead to a reduction in unfavorable health outcomes64. This dietary 

assessment tool focus on evaluating an individual’s diet and its approximation to a traditional 

Mexican diet. The MexD score uses a food group approach that focuses on traditional foods and 

beverages consumed before the year 1940. Such foods include corn tortillas, beans, soups, mixed 

dishes, fruits and vegetables, all types of rice, full fat milk and cheeses, as well as lower 

consumption of oils, solid fats, added sugars, processed meats, and refined grains. A value of 0 is 

assigned if an individual’s intakes are below the cohort-specific median intakes and a score of 1 if 

it’s above. There are 12 maximum points; the higher the score the higher the adherence to a more 

traditional Mexican dietary pattern 

Since this dietary tool was developed, there have not been any studies that validate its 

association with cancer risk. However, Santiago-Torres validated this tool against metabolic 

factors such as insulin resistance and high sensitive-C Reactive Protein (hs-CRP), factors that 

modify cancer risk. Reports indicated higher MexD score was associated with 23% lower serum 

hs-CRP and 15% lower insulin concentrations (P <0.05)64.  
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Diet Quality and Cancer Risk in Hispanic Women 
 

Research addressing the association between dietary patterns or diet quality indices scores and 

cancer risk in the Hispanic population is sparse. Additionally, these few studies involving Hispanic 

populations do not take into consideration country of origin.  

 

Alternative-Mediterranean Diet Score:  
 

The association between aMED diet scores and cancer risk has not been robustly studied 

in the Hispanic population, even less, in the Hispanic female population. A variant form of the 

aMED scoring system, the Mediterranean Diet Pattern (MDP) was utilized to assess the 

relationship between MPD scores and risk for breast cancer among Hispanic women in the Four- 

Corners Breast Cancer65. This study used a case-control design to assess breast cancer risk in 

women in the 4 states (Arizona, New Mexico, Colorado, and Utah) that form the Four Corners 

region. Women were allowed to report multiple races/ethnicities, and those who responded 

Hispanic or Latina and those who responded white, Caucasian, or non-Hispanic white were 

included in the present analysis. Women who self-identified as both Hispanic and white or as both 

Hispanic and American Indian were classified as Hispanic. There were 1,624 self-identified 

Hispanic women, of which, 757 were cases and the remainder controls. This study reported that 

higher MDP scores were associated with a lower in risk of breast cancer in all women (OR 0.76; 

0.63, 0.92; P trend < 0.01). The decrease in risk was most evident among postmenopausal Hispanic 

women in the highest quartile of the MDP (OR: 0.58; 0.37, 0.90; P trend < 0.01). These results 

may suggest that postmenopausal Hispanic women would benefit from a Mediterranean dietary 

pattern in order to reduce their risk for breast cancer. However, more investigation on the topic is 

warranted to make such conclusions.   
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A study conducted by Park and colleagues, examined the relationship between diet quality 

and risk for colorectal cancer in the Multiethnic Cohort (MEC)66. Investigators analyzed data from 

190,949 African American, Native Hawaiian, Japanese American, Latino, and white individuals, 

45 to 75 years old, who entered the Multiethnic Cohort study from 1993 through 1996. During an 

average 16 years of follow up, 4770 invasive colorectal cancer cases were identified. In the Latino 

population of this cohort, including men and women, showed there was a 25% reduced risk for 

colorectal cancer (HR 0.75, 95% CI 0.58, 0.97) when comparing individuals with the highest 

aMED scores when compared to the lowest. When examining results for women only, although 

not exclusively including Latina women, these results showed a 16% lower risk for colorectal 

cancer for women in quintile 5 vs 1 (HR 0.84, 95% CI= 0.74, 0.95). The study’s overall conclusion 

states that a higher diet quality, in this case as measured with the aMED scoring system, is 

associated with lower risk for colorectal cancer in most racial/ethnic groups. However, studies that 

evaluate any unique associations in Hispanic/Latina women are needed to evaluate the relationship 

between diet quality on cancer risk.  

 

Healthy Eating Index  
 
 As previously mentioned, the HEI is a tool that helps measure adherence to DGA. This 

tool has not been robustly used to assess cancer risk in the Hispanic population. Efforts to do so, 

would provide valuable information on how and if these dietary guidelines address the cancer 

burden issue in Hispanics. A few studies that have looked at the association between scores of the 

any of the HEI variations and cancer risk, though including Hispanics women in the analysis, fail 

to report any specific results by race/ethnicity or in some cases even by sex.  
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 The previously described study conducted by Park and colleagues, looked into the 

relationship between diet quality and colorectal cancer as measured by the HEI-2010 and the 

AHEI-201066. As stated above, this study was conducted in the Multiethnic Cohort (MEC) and 

reported a HR for the Latino population in the study as well as separate results for women in the 

cohort, though not for Latina women specifically. Looking at the results for Latino men and 

women combined, this study found that with higher HEI-2010 scores, quintile 5 vs 1, there was a 

31% lower risk for colorectal cancer (HR 0.69, 95% CI= 0.54, 0.89). Similarly, for the AHEI-2010 

there was a 27% lower risk for colorectal cancer (HR 0.73, 95% CI= 0.56, 0.95). When examining 

the results reported for ethnically diverse women, results for HEI-2010 indicated a 30% risk 

reduction (HR 0.70, 95% CI= 0.61, 0.81), and a 19% reduced risk as measured by the AHEI-2010 

(HR 0.81, 95% CI= 0.71, 0.92).  This study shows promising results and supports interests in 

analyzing diet quality as an important cancer preventive exposure among Hispanic/Latina women.  

 

Dietary Inflammatory Index  
 

Studies in ethnically diverse populations that examine the association between dietary 

inflammatory potential and colorectal cancer incidence are limited. A study conducted by Harmon 

and colleagues used the DII to investigate the relationship between the inflammatory potential of 

diet and colorectal cancer incidence across racial/ethnic groups67. In this study, 190,963 white, 

African-American, native Hawaiian, Japanese-American, and Latino men and women from the 

Multiethnic Cohort (MEC) were included in the analysis.  Participant’s ranged in age from 45–75 

years at recruitment and the sample was followed for over 20 years. Focusing in the Hispanic 

population, results showed that for Hispanic men, there was a 72% greater risk for colorectal 

cancer when comparing the highest (pro inflammatory) versus the lowest quartiles (HR: 1.72; 95% 
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CI: 1.26, 2.34; P-trend <0.01). However, results for Hispanic women were non-significant (HR: 

1.21, 95% CI= 0.85, 1.71). Such results may be indicative of a higher inflammatory sensitivity 

among Hispanic men as compared to women in relationship to colorectal cancer risk. For women, 

more studies are needed to validate these results.  

 

Mexican Diet Score  
 
 As previously mentioned, Santiago-Torres and colleagues developed the MexD score with 

the purpose to compare an individual’s diet to a traditional Mexican diet. Such dietary pattern 

scoring system has not yet been utilized to assess its association with cancer risk. The investigators 

have validated this tool against several metabolic biomarkers that have been associated with 

increased risk for cancer. Specifically, Santiago-Torres et al. assessed the relationship between a 

traditional Mexican diet, as measured by MexD score, and serum hsCRP, triglycerides, glucose, 

insulin, as well as the homeostasis model assessment of insulin resistance (HOMA-IR), in women 

of Mexican descent from the Women’s Health Initiative (WHI)64. In this study, it was found that 

greater adherence to a traditional Mexican diet was associated with reduce metabolic factors 

known to reflect systemic inflammation and insulin resistance, risk factors that have been 

associated with cancer risk and development68,69. Based on these results, it can be hypothesized 

that higher MexD scores, indicative of a higher adherence to a traditional Mexican diet, could be 

associated with lower risk for cancer. Research is needed to evaluate such a hypothesis.  
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1.5 Project Implication  
 

Although the literature points out to an overall association between an unhealthy dietary 

pattern, as measured by diet quality indices, and increased cancer risk, there is limited investigation 

evaluating this association in the Hispanic population, even less, in the Hispanic female 

population.  Compared to NHW women, Hispanic women have higher rates of cancer-related risk 

factors such as diabetes70-73 and obesity74 that puts them at high risk for cancer, specifically 

obesity-related cancers, and yet, there are substantially less studies on diet quality and cancer risk 

for Hispanic women. Other than Murtaugh’s and Harmon’s studies, the role of diet as measured 

by diet quality indices, has not been robustly investigated in Hispanic women and this is, in fact, 

a major gap in the literature. The purpose of this project is to address this gap by conducting a 

study on Hispanic women that looks at the association between diet quality, as measured by diet 

quality indices such as aMED, HEI, DII, and MexD scores, and risk of any of the thirteen obesity-

related cancer1.  
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Chapter 2 
 
Introduction 
 

The leading cause of death among Hispanics, the largest growing minority in the U.S, is 

cancer with 22% of deaths attributed to this disease75. Although cancer mortality and incidence for 

all cancers combined is higher among NHW, more advanced disease stages, delayed diagnosis and 

treatment, as well as lower quality of life is reported more commonly among this minority 

population76. In addition, research has found that Hispanics are less likely to comply with 

screening recommendations77, and are more likely to wait longer to engage in treatment after a 

diagnosis has been made78. The disparity in cancer survival is most pronounced among Hispanic 

women wherein cancer mortality rates are 298 per 100,000 compared to 155 for NHW women79. 

Demographic data suggest that this population will represent 25% of the total female population 

in the U.S. by 2050 80. This is particularly concerning in that 1 in 3 Hispanic women are expected 

to receive a cancer diagnosis in their lifetime78.  

Hispanic women have high rates of cancer-related risk factors that increase their overall 

risk for developing cancer. For example, research has found that Hispanic women have higher 

prevalence of obesity than NHW 74, higher rates of diabetes, a known risk factor for several 

cancers70-73 and Hispanic women do not meet guidelines to participate in regular exercise, a 

lifestyle behavior that can reduce the risk for several cancers81-84. 

Despite the lower incidence of cancer among Hispanic women when compared to NHW, 

little is known about the role of diet in cancer risk among this population. Yet, diet represents a 

modifiable risk factor for cancer and one that has been insufficiently studied in Hispanic women. 

Overall, evidence suggests that diet quality plays an important role in cancer51,85-88. Most of the 

published evidence to date has been specific to NHW. However, a recent study evaluated the 
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relationship of a traditional Mexican diet measured by the Mexican Diet (MexD) score in women 

of Mexican descent from the Women’s Health Initiative (WHI) 64. In this study, it was found that 

greater adherence to a traditional Mexican diet could help reduce metabolic risk factors such as 

systemic inflammation and insulin resistance, risk factors that have been associated with cancer 

risk68,69. Similarly, earlier work in the WHI suggested that post-menopausal Hispanic women who 

follow the ACS guidelines for diet and physical activity are indeed protected against cancer 89. A 

key finding in this study was the pronounce 47% risk reduction for any incident cancer and a 50% 

risk reduction for colorectal cancer afforded to Hispanic women who followed the ACS guidelines. 

Such studies highlight the importance and feasibility of examining the role of diet on cancer risk 

in this population.  

In order to better understand the relationship between diet, in particular, diet patterns that 

are increasingly relevant in relation to clear disease reduction and female cancer risk 32,36,51,90, we 

propose to utilize a similar approach as Santiago-Torres’ study to explore the diets of Hispanic 

women from the WHI. By utilizing several diet quality indices including the aMED, HEI-2015, 

the MexD score and the DII, information on the relationship between dietary patterns and obesity-

related cancer risk among the female Hispanic population will be obtained. We understand that 

cancer incidence rates among Hispanic women in WHI are below that of NHW and that the total 

of 711 cases reduces the potential to identify small effects of diet. However, we expect that there 

will be sufficient cases to identify any large dietary effect which are most likely to be demonstrated 

in relationship to total diet patterns rather than individual nutrients.  
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Methods 
 
Study Population  
 

In the years between 1993 and 1998, 161,808 postmenopausal women aged 50-79 years 

were enrolled in Women’s Health Initiative (WHI) study in 40 clinical centers across the U.S91. 

Eligible women could choose to enroll in one, two, or three of the clinical trial components; the 

hormone therapy (HT), dietary modification (DM), and/or the calcium and vitamin D 

supplementation (CaD), or alternatively to an observational study (OS) (Figure 3). Participants 

were originally followed up through 2005, at which time WHI extension studies continued 

follow-up through 2010, then 2015, and most recently, in 2015, WHI was awarded additional 

funding to continue follow-up of participants through 2020. Annual updates on health outcomes 

are collected by mail from the participants enrolled in each extension. Participants on this study, 

however, are non-representive of national sample.  

 

Figure 3. Women’s Health Initiative study design  
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Out of the 161,808 women enrolled in WHI, there were 6,484 (an estimate of 4%), self-

reported Hispanic postmenopausal women including all clinical trials and observational study92. 

Institutional Review Board (IRB) approved study protocols at all sites. Additionally, women 

provided written informed consent prior to enrolling in the study.  

 Participants that reported a history of cancer prior to study enrollment were excluded from the 

analytical cohort. In addition, participants with unavailable diet history, follow-up health status 

information, diet, or total energy < 600 kcals/day or > 5000 kcals/ day were excluded from the 

analysis. In the WHI to date, a total of 31,836 (19.7%) total cancers, approximately 19,225 of 

which are considered obesity-related cancers. Breast cancer accounted for 10,520 cancer cases and 

colorectal for 3,099. 

 

Dietary intake  
 

All participants in the WHI were asked to complete a self-administered FFQ at baseline. 

FFQ, precision and bias of the instrument was validated against 24-hour dietary recalls and 4-day 

food record. The final FFQ and was composed of 122 line items93 (Appendix A) . Daily dietary 

intake estimates from baseline FFQs were utilized to calculate the scores for all four diet quality 

indices as described (Table 2).  
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Diet Quality Indices  
 
Table 2. Description of aMED, HEI-2015, MexD and DII scores. 
 
Quality 
Index 

Food Components Included Scoring Range  

 
 
 
aMEDa 

 
Beneficial components: 
Vegetables, fruits and nuts, 
cereals, legumes, and fish,  
Detrimental components: 
Meat, poultry and dairy 
products.  

Score = 1 
High beneficial foods 
and low detrimental 
foods. 
Score = 0 Low 
beneficial foods and 
High detrimental 
foods. 

Range: 
0-9 

 

Higher score 
representative of 
higher adherence 

to a Mediterranean 
diet  

 
 
 
 
 
HEI-
2015b 

Total fruits, whole fruits, total 
vegetables, greens and beans, 
whole grains, dairy, total 
protein, seafood and plant 
proteins, fatty acid ratio. 
Moderation components 
included such as refined 
grains, sodium, added sugars, 
and saturated fat.  

 
 
Higher score, higher 
adherence to Dietary 
guidelines for 
Americans 

 
 
 
 

Range: 
0 to 100 

 
 
MexDc 

Corn tortillas, beans, soups, 
mixed dishes, fruits and 
vegetables, all types of rice, 
full fat milk and cheeses, as 
well as lower consumption of 
oils, solid fats, added sugars, 
processed meats, and refined 
grains 

 
Score = 1 
Foods consumed 
above median  
Score = 0 
Foods consumed 
below median  
 

Range: 
0-12 

 

Higher score 
indicative of 
higher adherence 
to more Mexican 
dietary pattern.  

 
 
DIId 

 
45 different food and food 
compounds 

Negative score, 
higher anti-
inflammatory effect. 
Higher score, higher 
pro-inflammatory 
effect 

 
Range: 

-8.87 to 7.98 

 
a From Fung et al.30 
b From NCI 201794 
c From Santiago-Torres et al.64 
d From Tabung et al.49 
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As previously described in the literature, the aMED scoring system compares an 

individual’s diet to traditional Mediterranean diet components30. In order to calculate aMED 

scores, intakes on vegetables, fruits and nuts, cereals, legumes, and fish, which are considered 

beneficial components, and meat, poultry and dairy products, considered detrimental, are utilized. 

A score of 1 was given to a beneficial food component consumed in amounts above the median 

and detrimental components consumed in amounts below the median. A score of 0 was given if 

beneficial foods were consumed in amounts below the median and detrimental foods consumed in 

amounts above the median. Lastly, alcohol consumption is sex specific with a score of 1 given to 

women that consumed between 5 and 25g per day and a score of 0 assigned if consumption was 

below or exceeded the amount.  

HEI-2015 scoring was calculated from FFQ line items and output variables for total fruits, 

whole fruits, total vegetables, greens and beans, whole grains, dairy, total protein, seafood and 

plant proteins, fatty acid ratio, refined grains, sodium, added sugars, and saturated fats 94. It is 

based on a scale of 1 to 100 and measures adherence to the Dietary Guidelines for Americans 

2015-2020, which aim to reduce diet-related chronic disease 95. Intakes consumed at the 

recommendation level or higher, were assigned a maximum score for that category, where 

anything under the recommendation is scored proportionally. Scores of all individual foods were 

added together in a total HEI-2015 score. 

Shivappa et al, describe the design and development of the literature-derived, population-

based DII49. Briefly, DII scoring is calculated from 45 different foods and nutrients gathered from 

an extensive literature search. This diet quality index is the first to quantify diet induce 

inflammation and it has been validated against inflammatory biomarkers such as IL-6, hsCRP, and 

TNFaR196. Overall DII scores can range from a maximally anti-inflammatory score of -8.87 to a 
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maximally inflammatory score of 7.98. DII scoring for this analysis was provided by the 

University of South Carolina.  

Lastly, the MexD score, based upon previously published work by Santiago-Torres and 

colleagues, utilizes a food-group approach that focuses on traditional foods and beverages 

consumed before 194064. Such foods include corn tortillas, beans, soups, mixed dishes, fruits and 

vegetables, all types of rice, full fat milk and cheeses, as well as lower consumption of oils, solid 

fats, added sugars, processed meats, and refined grains. A value of 0 was assigned if an individual’s 

intakes were below the cohort-specific median intakes and a score of 1 if they were above. There 

are 12 maximum points and the higher the score the higher the adherence to a more traditional 

Mexican dietary pattern.   

 

Other Covariates  
 

Data such neighborhood socioeconomic status (NSES), primary language, smoking status, 

and physical activity were self-reported and collected at baseline through standardized 

questionnaires97-100. Trained WHI clinic staff collected measured waist circumference, height, 

weight, in the clinic using standardized protocols. Body mass index (BMI) was calculated as 

weight in kg/height(m)2. WHI participants update their medical history, including any cancer 

diagnosis with the exception of non-melanoma skin cancer, through questionnaires mailed on an 

annual basis101.  

 

Outcomes  
 

Primary study outcomes included total cancers as the sum of any cancer with the exception 

of non-melanoma skin cancer. For obesity-related cancers all the cancers as reported by the CDC 
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were considered for this category, that includes meningioma, thyroid, esophageal, breast, stomach, 

pancreas, liver, gallbladder, kidney, multiple myeloma, uterine, ovarian, and colorectal1. 

Additionally, invasive breast cancer and invasive colorectal cancer was analyzed individually. Any 

cancer events were confirmed by medical records, pathology reports, and trained physician’s 

adjudicators.  

 

Statistical approach   
 

Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated for participant’s 

using Cox proportional hazards. Total cancer, obesity-related, breast and colorectal cancer risk and 

their association with diet quality as measured by the four previously mentioned DQIs and 

presented in quartiles, were analyzed and models adjusted for potential confounders previously 

mentioned. Model 1 is the crude HR and 95% CI, Model 2 was adjusted for age, and Model 3 was 

adjusted age as well as primary language, NSES, smoking status (never, past or current), alcohol 

intake (never/past, < 1 drink per week, and > 1 drink per week), energy intake (Kcals), physical 

activity (MET-hours/week), BMI, and WHI study arm. (Initially, model 3 was also adjusted for 

baseline use of aspirin and diabetes medication as an indicator for diabetes, but were not included 

because they did not altered results by more than 10%). 

Dietary exposure variables were modeled into quartiles. For DII, the lowest quartiles 

represent a lower inflammatory diet and the highest quartile a more inflammatory diet. For the rest 

of the diet quality indices, HEI-2015, aMED, and MexD, lower quartiles represent lower overall 

diet quality and highest quartiles are representative of higher diet quality. Participants with missing 

data that was necessary to calculate a specific diet score were not included in analysis (N= 5,482, 

MexD 1.6% missing). All tests were 2-sided and P-value <0.05 was considered statistically 
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significant. Analysis was conducting utilizing STATA/IC version 15.1 (StataCorp, College 

Station, TX). 

 
Results  
 
Participant Demographics  
 
 Out of the 6,484 postmenopausal Hispanic women enrolled in any WHI observational and 

clinical trial study arm 420 reported a history of cancer, 13 had missing diet data, 452 had a total 

energy intake outside the cut point of <600 kcals/d or >5000 kcals/d, and 117 had no follow-up 

data. Participant characteristics are described in Table 3. Final size sample size included 5,482 

postmenopausal Hispanic women. After a mean follow-up of 12.1 years, 605 women received a 

cancer diagnosis, of which 399 cancer cases were obesity-related. From those, 207 were invasive 

breast cancer cases and 64 were colorectal cancer cases.  

 

Diet Quality Scores  
 

Mean diet quality index scores for non-cancer cases and cancer cases were as follows; 3.5 

± 1.6 and 3.6 ± 1.7 for aMED non-cancer cases and cancer cases respectively, 56.5 ± 11.5 and 57.0 

± 11.9 for HEI, -0.45 ± 1.9 and -0.55 ± 2.03 for DII, and 5.7 ± 2.0 and 5.6 ± 2.0 for MexD scores 

(Table 3).  

 An overall diet quality as measured by any of the four different diet quality indices in this 

analysis, was not associated with reduced cancer risk. In regard to total cancer incidence, when 

looking at HR in fully adjusted model (model 3) for quartile 4 vs 1 the HR was 1.22 (95% CI= 

0.92,1.62) for aMED score. Similar null results were found for the HEI-2015 (HR 0.97, 95% CI= 
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0.75,1.26) and the MexD score (HR 0.86, 95% CI= 0.69-1.08). When comparing DII scores in 

quintile 1 vs 4 a HR of 0.96 (95% CI= 0.74, 1.24) no association was found (Table 4).  

 When evaluating the association between diet quality scores and total obesity-related 

cancer risk, no associations were not found. When comparing scores in the highest quartiles vs the 

lowest (healthy scores versus lowest quality diet reflective scores), HR ratios were as follows; 0.94 

(95% CI= 0.66, 1.34) for aMED, 0.91 (95% CI= 0.66,1.25) for HEI-2015, and 0.91(95% CI= 

0.71,1.18) for MexD scores. When comparing scores representative of a more inflammatory diet 

versus scores of a more ant-inflammatory diet results were as follow; 1.18 (95% CI= 0.86, 1.62) 

(Table 5).  

 Additionally, breast cancer and colorectal cancer risk was analyzed individually. Here, 

higher aMED scores reflective of higher diet quality, showed HR for breast and colorectal cancer 

risk of 0.80 (95% CI= 0.49, 1.30) and 1.17 (95% CI= 0.45,3.05) respectively, for HEI-2015 results 

were 0.88 (95% CI= 0.57,1.36) and 0.98 (0.46-2.10), for MexD scores HR was 1.23 (95% CI= 

0.80-1.88) and 0.76 (95% CI= 0.31, 1.87). Lastly, for DII, highest scores versus lowest scores, no 

significant association was shown in fully adjusted models for breast cancer 1.32 (95% CI= 0.86, 

2.02) or for colorectal cancer 1.53 (95% CI= 0.71, 3.29) (Table 6).  

 DII scores in quartile 3 were associated with total cancer risk in fully adjusted model (HR 

0.74, 95% CI= 0.56, 0.96 (Table 4) however, linear trends across quartiles were non-significant 

(p-trend = 0.591). Similarly, quartile 3 of aMED scores adjusted for the age, results showed a 

significant association with obesity-related cancers (HR 0.77, 95% CI= 0.60, 0.98), however, after 

adjusting for additional covariates, this relationship did not hold (HR 0.80, 95% CI= 0.61, 1.06) 

(Table 5).  
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Table 3. Baseline demographic and clinical characteristics by case status (N= 5,482) 
 

  
 

Non-Cancer 
Cases (N =4,877) 

Cancer Cases 
(N= 605) 

DEMOGRAPHICS (mean ± SD)       

Age 60.1 ± 6.7 61 ± 6.7 

NSES 68.6 ± 10.4 69.8 ± 10.6 

PREFERRED LANGUAGE N (%)    

English 3,660(75%) 496(82%) 

Spanish   1,217 (25%) 109 (18%)  

CLINICAL CHARACTERISTICS      

BMI (kg/m2, mean ± SD) 29.0 ± 5.7 29.5 ± 6.1 

BMI STATUS N (%)   

Normal weight (<24.9) 1209(25%) 138(23%) 
Overweight (BMI 25- 29.9) 1,847 (38.2%) 226 (37.6%) 
Obese (BMI > 30) 1,774 (36.7%) 237(39.4%) 
TOBACCO N(%)   
Never smoker 3,021(63.2%) 346(57.9%) 
Past smoker  1,414(29.6%)  203(33.9%)  

Current smoker  346(7.2%) 49(8.2%) 
ALCOHOL INTAKE N(%)   
Never/ Past  2,037(42.5%) 231(38.7%) 

<1 drink per week  2,529(52.8%) 328(54.9%) 
> 1 drink per week 224(4.7%) 38(6.4%) 

PHYSICAL ACTIVITY       
Met-hr /week (mean ± SD) 10.5 ± 13.8 10.3 ± 13.3 
DIET QUALITY INDICES (mean±SD)     

aMED (1 – 9) 3.5 ± 1.6 3.6 ± 1.7 
HEI-2015 (1-100) 56.5 ± 11.5 57.0 ± 11.9 
DII (-8.87 – 7.98) -0.45 ± 1.9 -0.55 ± 2.03 

MEXD (1 – 12) 5.7 ± 2.0 5.6 ± 2.0 
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Table 4. Association between diet pattern/quality scores (quartiles) and total cancer incidence for 
postmenopausal Hispanic women in the WHI.  
 

 
DQI 

 
Quartile  

 

Total Cancer 
Incidence n (%) 

 

Model 1  
Crude  

 

Model 2* 
Age-adjusted 

Model 3 ** 
Multi-variate 

Adjusted* 
aMED Q1 170 

(28.1) 
1.00 

- 
1.00 

- 
1.00 

- 
 Q2 132 

(21.8) 
0.90 

(0.72-1.13) 
0.89 

(0.71-1.12) 
0.94 

(0.73-1.22) 
 Q3 208 

(34.4) 
0.93 

(0.76-1.14) 
0.91 

(0.74-1.11) 
0.95 

(0.76-1.20) 
 Q4 95 

(15.7) 
1.10 

(0.86-1.42) 
1.07 

(0.83-1.38) 
1.22 

(0.92-1.62) 
HEI-2015 Q1 143 

(23.6) 
1.00 

- 
1.00 

- 
1.00 

- 
 Q2 161 

(26.6) 
1.10 

(0.88-1.38) 
1.08 

(0.86-1.36) 
1.00 

(0.78-1.28)  
 Q3 141 

(23.3) 
0.93 

(0.74-1.18) 
0.91 

(0.72-1.15) 
0.86 

(0.67-1.12) 
 Q4 160 

(26.5) 
1.07 

(0.85-1.34) 
1.0 

(0.80-1.25) 
0.97 

(0.75-1.26) 
DII Q1 167  

(27.6) 
1.00 

- 
1.00 

- 
1.00 

- 
 Q2 156 

(25.8) 
0.95 

(0.76-1.18) 
0.98 

(0.79-1.22) 
0.88 

(0.69-1.13) 
 Q3 128 

(21.2) 
0.78 

(0.62-0.99) 
0.82 

(0.65-1.03) 
0.74 

(0.56-0.96) 
 Q4 154 

(25.4) 
0.98 

(0.79-1.22) 
1.05 

(0.84-1.31) 
0.96 

(0.74-1.24) 
MexD Q1 170 

(28.5) 
1.00 

- 
1.00 

- 
1.00 

- 
 Q2 166 

(27.8) 
0.91 

(0.73-1.12) 
0.90 

(0.73-1.11) 
0.96 

(0.76-1.21) 
 Q3 121 

(20.3) 
0.81 

(0.64-1.02) 
0.79 

(0.63-1.00) 
0.90 

(0.69-1.16) 
 Q4 140 

(23.4) 
0.87 

(0.69-1.09) 
0.86 

(0.69-1.08) 
0.91 

(0.71-1.18) 
*Model 2: Age adjusted  
** Model 3: Adjusted for age, language, nses, study arm, smoking status, alcohol intake, energy intake, 
physical activity, and body mass index (weight (kg)/height (m)2). 
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Table 5. Association between diet pattern/quality scores (quartiles) and obesity-related cancer incidence 
for postmenopausal Hispanic women in the WHI.  
 

 
Cancer 

Outcome 

 
Quartile  

 
Obesity-related 

Cancer Incidence 
n (%) 

 
Crude 

 
Age-adjusted* 

 
Multi-variate 
Adjusted** 

aMED Q1 123 
(31.9) 

1.00 
- 

1.00 
- 

1.00 
- 

 Q2 80 
(20.7) 

0.75 
(0.57-0.99) 

0.75 
(0.56-0.99) 

0.77 
(0.56-1.05) 

 Q3 127 
(32.9) 

0.78 
(0.61-1.00) 

0.77 
(0.60-0.98) 

0.80 
(0.61-1.06) 

 Q4 56 
(14.5) 

0.89 
(0.65-1.21) 

0.87 
(0.63-1.19) 

0.94 
(0.66-1.34) 

HEI-2015 Q1 96 
(24.9) 

1.00 
- 

1.00 
- 

1.00 
- 

 Q2 109 
(28.2) 

1.11 
(0.85-1.47) 

1.10 
(0.84-1.45) 

1.02 
(0.76-1.38) 

 Q3 80 
(20.7) 

0.79 
(0.58-1.06) 

0.77 
(0.57-1.04) 

0.75 
(0.54-1.04) 

 Q4 101 
(26.2) 

1.00 
(0.75-1.32) 

0.95 
(0.72-1.26) 

0.91 
(0.66-1.25) 

DII Q1 98 
(25.4) 

1.00 
- 

1.00 
- 

1.00 
- 

 Q2 92 
(23.8) 

0.96 
(0.72-1.27) 

0.98 
(0.73-1.27) 

0.84 
(0.61-1.15) 

 Q3 87 
(22.5) 

0.92 
(0.69-1.23) 

0.95 
(0.711-1.27) 

0.87 
(0.62-1.21) 

 Q4 109 
(28.3) 

1.19 
(0.90-1.56) 

1.26 
(0.95-1.65) 

1.18 
(0.86-1.62) 

MexD Q1 105 
(27.7) 

1.00 
- 

1.00 
- 

1.00 
- 

 Q2 104 
(27.4) 

0.92 
(0.70-1.20) 

0.91 
(0.69-1.20) 

0.97 
(0.73-1.31) 

 Q3 78 
(20.6) 

0.85 
(0.63-1.14) 

0.84 
(0.63-1.12) 

0.90 
(0.65-1.24) 

 Q4 92 
(24.3) 

0.93 
(0.70-1.23) 

0.92 
(0.70-1.22) 

0.97 
(0.70-1.33) 

*Model 2: Age adjusted  
** Model 3: Adjusted for age, language, nses, study arm, smoking status, alcohol intake, energy intake, 
physical activity, and body mass index (weight (kg)/height (m)2). 
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Table 6. Association between diet pattern/quality scores (quartiles), breast and colorectal cancer 
incidence for postmenopausal Hispanic women in the WHI.  

 
Diet  

Quality 
Index 

 
 

Quartile  

 
Breast 
Cancer 

Incidence  
n (%) 

 
Model 1 
Crude 

 
Model 2 

Age-
adjusted* 

 
Model 3 
Multi-
variate 

Adjusted** 

 
Colorectal 

Cancer 
Incidence 

n (%) 

 
 

Model 1 
Crude 

 
Model 2 

Age-
adjusted* 

 
  Model 3 

Multi-
variate 

Adjusted
** 

aMED Q1 61 
(29.5) 

1.00 
- 

1.00 
- 

1.00 
- 

19 
(29.7) 

1.00 
- 

1.00 
- 

1.00 
- 

 Q2 43 
(20.8) 

0.81 
(0.55-1.20) 

0.82 
(0.55-1.21) 

0.70 
(0.46-1.06) 

18 
(28.1) 

1.10 
(0.58-2.10) 

1.09 
(0.57-2.08) 

1.35 
(0.63-2.89) 

 Q3 73 
(35.2) 

0.92 
(0.65-1.29) 

0.92 
(0.66-1.30) 

0.81 
(0.56-1.16) 

20 
(31.3) 

0.80 
(0.43-1.51) 

0.77 
(0.41-1.44) 

1.00 
(0.48-2.09) 

 Q4 30 
(14.5) 

0.95 
(0.62-1.48) 

0.96 
(0.62-1.49) 

0.80 
(0.49-1.30) 

7 
(10.9) 

0.72 
(0.30-1.70) 

0.68 
(0.29-1.63) 

1.17 
(0.45-3.05) 

HEI-
2015 

Q1 51 
(24.6) 

1.00 
- 

1.00 
- 

1.00 
- 

18 
(28.1) 

1.00 
- 

1.00 
- 

1.00 
- 

 Q2 62 
(30) 

1.19 
(0.82-1.72) 

1.20 
(0.83-1.73) 

1.08 
(0.73-1.61) 

15 
(23.4) 

0.81 
(0.41-1.61) 

0.79 
(0.40-1.57) 

0.64 
(0.29-1.43) 

 Q3 42 
(20.3) 

0.78 
(0.52-1.17) 

0.78 
(0.52-1.18) 

0.73 
(0.47-1.13) 

14 
(21.9) 

0.74 
(0.37-1.49) 

0.71 
(0.36-1.44) 

0.68 
(0.31-1.51) 

 Q4 52 
(25.1) 

0.96 
(0.65-1.41) 

0.98 
(0.66-1.44) 

0.88 
(0.57-1.36) 

17 
(26.6) 

0.89 
(0.46-1.73) 

0.81 
(0.42-1.59) 

0.98 
(0.46-2.10) 

DII Q1 51 
(24.6) 

1.00 
- 

1.00 
- 

1.00 
- 

15 
(23.4) 

1.00 
- 

1.00 
- 

1.00 
- 

 Q2 51 
(24.6) 

1.02 
(0.69-1.51) 

1.01 
(0.69-1.50) 

0.92 
(0.60-1.42) 

14 
(21.9) 

0.95 
(0.46-1.96) 

0.99 
(0.48-2.06) 

0.75 
(0.32-1.73) 

 Q3 42 
(20.4) 

0.86 
(0.57-1.29) 

0.85 
(0.56-1.28) 

0.82 
(0.51-1.30) 

13 
(20.3) 

0.91 
(0.43-1.90) 

0.97 
(0.46-2.04) 

0.70 
(0.29-1.71) 

 Q4 63 
(30.4) 

1.32 
(0.92-1.92) 

1.30 
(0.90-1.89) 

1.32 
(0.86-2.02) 

22 
(34.4) 

1.56 
(0.81-3.01) 

1.75 
(0.90-3.40) 

1.53 
(0.71-3.29) 

MexD Q1 51 
(25.4) 

1.00 
- 

1.00 
- 

1.00 
- 

18 
(28.1) 

1.00 
- 

1.00 
- 

1.00 
- 

 Q2 57 
(28.4) 

1.03 
(0.71-1.50) 

1.03 
(0.71-1.51) 

1.20 
(0.80-1.79) 

19 
(29.7) 

0.97 
(0.51-1.86) 

0.96 
(0.51-1.84) 

1.13 
(0.53-2.39) 

 Q3 34 
(16.9) 

0.76 
(0.49-1.18) 

0.77 
(0.50-1.19) 

0.90 
(0.57-1.43) 

16 
(25.0( 

1.02 
(0.52-2.01) 

0.99 
(0.51-1.95) 

1.41 
(0.66-2.99) 

 Q4 59 
(29.3) 

1.22 
(0.84-1.78) 

1.23 
(0.84-1.79) 

1.23 
(0.80-1.88) 

11 
(17.2) 

0.64 
(0.30-1.35) 

0.63 
(0.30-1.33) 

0.76 
(0.31-1.87) 

*Model 2: Age adjusted  
** Model 3: Adjusted for age, language, nses, study arm, smoking status, alcohol intake, energy intake, 
physical activity, and body mass index (weight (kg)/height (m)2). 
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Discussion   
 

Very few publications report any results on diet quality and cancer incidence among 

Hispanics and even less report in Hispanic women. To our knowledge, this is the first study to 

examine diet quality and its association to obesity-related cancers among this population. Our data, 

which uniquely includes only post-menopausal Hispanic women, generally suggests that the diet 

quality indices evaluations were not associated with cancer risk in overall or in terms of obesity-

related cancers.   

Examining the literature on diet quality and cancer risk in the Hispanic female population, 

one study contradicts our findings related to diet quality and breast cancer65. In this study, higher 

MDP score (a variant of aMED score) was associated with lower odds of breast cancer among 

postmenopausal Hispanic women in the highest quartile of the MDP (OR: 0.58; 0.37, 0.90; P trend 

< 0.01). The aMED scoring system and the MDP do vary in how the scoring is assigned and 

calculated and such factors may be contributing to varying results. In the study of colorectal cancer, 

an investigation conducted by Park and colleagues, examined the relationship between diet quality 

and risk for colorectal cancer in the MEC66. This study reported results for Hispanics and women 

separately but not specifically for Hispanic women. In the Hispanic/Latino population of this 

cohort, which include both men and women, there was a 25% lower risk for colorectal cancer (HR 

0.75, 95% CI 0.58, 0.97, P-trend 0.02) when comparing individuals with the highest aMED scores 

to the lowest. When examining results for women only in this study, although not exclusively 

including Latina women but women from other races/ethnicities, these results showed a 16% 

reduced risk for colorectal cancer for women in quintile 5 vs 1 (HR 0.84, 95% CI= 0.74, 0.95). 

Differences in results between our study and Park’s results may be attributed to the effects of sex 

and race on cancer incidence. Studies that look at just Hispanic/Latina women are needed. 

Additionally, our results may support a U-shaped relationship between aMED and obesity-related 
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cancer risk in the age adjusted model with a significant inverse association (HR 0.77, 95% CI= 

0.60, 0.98) 

Evaluating the research conducted on HEI and cancer risk in the Hispanic population, 

similar issues can be seen. Not many studies have focused on exploring these associations 

particularly on Hispanic women. However, a few studies have reported results for the association 

between HEI and cancer risk in Hispanics overall. For example, in the Park study, the HEI scoring 

system was used to evaluate diet quality and colorectal cancer risk 66. This study found an inverse 

association between HEI scores and colorectal cancer risk (HR 0.69, 95% CI= 0.54, 0.89), 

however, these results were for Hispanic men and women combined. Results for the relationship 

between HEI and colorectal cancer risk in this study differ from our findings in the present study, 

although such differences may be due to the fact that Park’s results are not further stratified by sex 

within the ethnic strata.  

In terms of the association between DII and cancer risk among Hispanic women, a study 

conducted by Harmon and colleagues reported results congruent with our present study67. Harmon 

also examined the association between diet quality as measured by the DII and colorectal cancer 

risk in the MEC. Consistent with our results, this study did not find an association between DII 

scores and colorectal cancer risk among Hispanic/Latina women. However, when examining our 

results for total cancer, DII scores in quartile 3 were associated with lower risk for total cancer in 

fully adjusted model (HR 0.74, 95% CI= 0.56, 0.96). This may suggest that dietary choices 

associated with inflammation decrease risk for cancer but a threshold exists beyond which anti-

inflammatory diet patterns have no additional modulating effects. 

Lastly, to our knowledge, this is the first study to evaluate the association between a MexD 

score and cancer risk. Murtaugh and colleagues, investigate the association between a “Native 
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Mexican” diet, and breast cancer65. In this study, it was found that a Native Mexican diet was 

associated with lower risk for breast cancer in pre-menopausal women (OR 0.42, 95% CI= 0.18, 

0.98, p-trend 0.02), but did not find an association among post-menopausal Hispanic women (OR 

0.61 95% CI= 0.31, 1.20), results which are congruent from our findings in the present study.  

 There are limitations to our study analysis. First, our analysis is based on self-reported diet 

from a validated FFQ, which has known measurement errors102.  Additionally, our sample of 399 

cancer cases reported for analysis may have reduced our ability to identify modest effects of these 

diet patterns on cancer risk. Additionally, our sample population included post-menopausal women 

of more advanced age and it cannot address potential protective effects earlier in life.  

 In conclusion, in a cohort of postmenopausal Hispanic women from the WHI, we did not 

find a significant association between higher diet quality, (higher scores for aMED, HEI-2015, 

MexD, and lower scores for DII), and lower cancer risk for total cancers, obesity-related cancers, 

breast, and colorectal cancer. Arguments of a potential U-shaped relationship between diet pattern 

and cancer risk in Hispanic women could be made given a U-shaped relation was seen for DII and 

total cancer risk as well as for a-MED for obesity related cancer risk, although these could also be 

related to chance given the multiple comparisons. Our study is one of the very few studies to report 

on this association in this particular population. The U- shape association suggests the need for 

continuing research to identify optimal eating patterns to lower cancer risk in older Hispanic 

women.   
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Appendix A:  
WHI Food Questionnaire  
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