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Background: Given the role of insulin resistance in several cancers, we hypothesized that consumption of a diet that reduces insulin resistance might lower the risk of breast cancer.

Objective: The present study was designed to assess the association between consumption of “diabetes risk reduction diet” (DRRD) and odds of breast cancer among a large group of women in a Middle Eastern country.

Methods: This population-based case-control study enrolled 350 newly diagnosed cases of stage I-IV breast cancer and 700 age-matched apparently healthy individuals as controls. We collected dietary data via a validated 106-item Willett-format semi-quantitative dish-based food frequency questionnaire. A DRRD score was included based on 9 dietary factors (cereal fiber, coffee, nuts, whole fruits, ratio of polyunsaturated to saturated, trans fat, sugar-sweetened beverages, red and processed meat, and lower glycemic index). For food and nutrient items with a protective association with diabetes in earlier studies, participants were given the score as the quintile of that food item, but for food groups with unfavorable association with diabetes, we did vice versa. Total DRRD score ranged from 5 to 45.

Results: Mean age of cases and controls was 65.28 and 61.04 years. Mean BMI of patients with breast cancer and controls was 25.5 and 21.0. We found that individuals with the greatest adherence to the DRRD were 0.41 times less likely to have breast cancer than those with the lowest adherence (OR: 0.59; 95% CI: 0.38, 0.90, and P-trend = 0.002). Stratified analysis by menopausal status indicated a significant inverse relationship in postmenopausal women (OR: 0.57; 95% CI: 0.36–0.90), but not in premenopausal women (OR: 0.76; 95% CI: 0.19–2.96). Moreover, by BMI status, we found statistically significant inverse association between adherence to the DRRD and odds of breast cancer among normal-weight women (OR: 0.59; 95% CI: 0.36, 0.98) but not in overweight women (OR: 0.66; 95% CI: 0.31, 1.40). Conclusions: Significant inverse associations were found between adherence to DRRD and breast cancer, especially among postmenopausal and normal-weight women.
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INTRODUCTION

The prevalence of breast cancer and mortality due to cancer is higher in patients with diabetes than in healthy individuals (1, 2). A meta-analysis found that people with diabetes had a 20% higher risk of breast cancer (3). Diabetes is usually characterized by insulin resistance, hyperglycemia, and elevated inflammatory markers that is associated with overexpression and progression of breast cancer through different pathways (4–6). Moreover, Obesity is associated with an increased risk of cancer in women (7, 8). Obesity can directly or indirectly provoke cell growth, anti-apoptotic effects, migration, and angiogenesis by increase the levels of adipokines, androgen sex hormones, chronic inflammation as well as hyperinsulinemia (7, 9–11). Therefore, in addition to traditional strategies for preventing breast cancer, lifestyle modifications targeting the obesity/diabetes link may also help treat and prevent breast cancer.

In terms of dietary factors, construction of a dietary pattern including high glycemic index (12–14), refined grains (15, 16), red meat (17–19), and saturated and trans fatty acids (20, 21) may increase insulin resistance, while fiber (22, 23), polyunsaturated fatty acids (24), legumes (25), nuts (26), and fruits (27) might reduce this complication. These dietary factors are also associated with the risk of breast cancer. Diabetes Risk Reduction Diet (DRRD) is a dietary index consisting of these items that can affect insulin resistance, including sugar-sweetened beverage (SSBs), coffee, nuts, and red and processed meats, in addition to the four components included GI, cereal fiber, ratio of polyunsaturated to saturated fat (P: S), and trans-fat (27). Limited studies have examined the association of DRRD with chronic disease (28, 29). A study by Rhee et al. (29) indicated that a higher DRRD score was associated with a 40% reduction in the risk of diabetes. Another cohort study conducted by Kang et al. in 2020 on 88,739 women found that a higher DRRD score was inversely associated with risk of breast cancer (independent of weight change) (28).

To date, no study has examined DRRD score with risk of breast cancer in the Middle Eastern population, where the risk of diabetes and breast cancer is increasing and the traditional dietary pattern is different from current typical diets in Western countries (30). Consumption of large amounts of carbohydrates, especially in the form of refined grains, greater intake of saturated and trans fatty acids and low consumption of fruits, vegetables, legumes, and polyunsaturated fatty acids in these regions has led to the pattern of unhealthy diets in these countries and a high potential for insulin resistance (31). The aim of current study was therefore to investigate the association between diabetes risk reduction diet and odds of breast cancer.



MATERIALS AND METHODS

This case-control study was performed on women over 30 years of age between 2013 and 2015 in Isfahan, Iran. We recruited cases from patients who were referred to private hospitals or clinics or were being treated for breast cancer, including tumor resection, chemotherapy, or radiotherapy, or all of them. Breast cancer was pathologically confirmed in cases who had been diagnosed with this condition in the past 6 months through physical examination and mammographic findings. Given that patients were only asked to answer some of the questionnaires, more than 90% of them accepted to take part in the study. The sample size was calculated considering the type I error as 5% and the study power as 80%. In addition, we hypothesized that unhealthy dietary pattern might increase the odds of breast cancer by 1.5 times. Considering the common ratio of 0.25 and the ratio of controls to cases as 2, we needed ~350 patients with breast cancer and 700 apparently healthy controls. In this study, we did not include people with a history of any neoplastic lesions or cysts (except breast cancer) and those who had previously been treated with any hormone replacement therapy. In addition, we did not include people on a special diet in the project. The control group was consisted of Iranian women who had no history of malignancy, cysts, or pathological disease and had no specific diet or hormone replacement therapy. Healthy women in the control group were matched with cases in terms of age and socioeconomic status. Individuals in the control group were chosen from healthy women with no family history of breast cancer by multi-stage cluster random sampling. Finally, a total of 1,050 eligible women, including 350 cases and 700 controls, were recruited to participate in our study. All participants provided informed written consent. The study was ethically approved by the Bioethics Committee of Tehran University of Medical Sciences, Tehran, Iran.


Dietary Intake Assessment

We collected usual dietary intakes of subjects using a 106-item Willett-format semiquantitative dish-based food frequency questionnaire (FFQ), which was designed specifically for Iranian adults. Details of developing this questionnaire as well as further information about its validity and reliability were reported elsewhere (32). All the questionnaires were filled in a face-to-face interview by a trained dietitian. The questionnaire consisted of five sets of foods and dishes, including (1) mixed dishes: cooked or canned foods (29 items); (2) carbohydrate-based foods: various types of bread, cakes, biscuits, and potato (10 items); (3) dairy products [dairies, butter, and cream (9 items)]; (4) fruits and vegetables (22 items); and (5) accessory food items and beverages: sweets, fast foods, nuts, desserts and beverages (36 items). We asked participants to report their frequency for each food and mixed food. The frequency response categories were different from “never/ less than once per month” to “12 or more times per day.” We calculated the daily amount of each food ingredient considering the serving size and the average frequency reported. In order to estimate mean energy and nutrient intakes for each study subject, Nutritionist IV software was applied, in which the main database was USDA food composition table which was modified for Iranian local foods using the nutrient composition of Iranian food items.



Construction of DRRDS

Based on earlier knowledge about the association between various food items and diabetes, DRRDS was constructed using previously published reports. Nine food items including cereal fiber, nuts, caffeine, whole fruits, ratio of polyunsaturated fat to saturated fat, GI, trans fats, SSBs/fruit juices, and red and processed meats were considered in this scoring method. First, we classified participants in terms of quintiles of these components. For food and nutrient items with a protective association with diabetes in earlier studies [cereal fiber, nuts, coffee (caffeinated and decaffeinated), whole fruits (raisins, prunes, bananas, cantaloupes, watermelon, fresh apples/pears, oranges, grapefruits, strawberries, blueberry, and peaches/apricots/plums) and the ratio of polyunsaturated fat to saturated fat], participants were given the score as the quintile of that food item; that is individuals in the highest quintile of these foods and nutrients were given the score of 5 and those in quintiles 1, 2, 3, and 4 were given the scores of 1, 2, 3, and 4, respectively. For nutrients and food groups [GI, trans fats, SSBs/fruit juices (apples, oranges, grapefruits, and other juices), and red and processed meats] with unfavorable association with diabetes, we did vice versa; such that individuals in the highest quintile were given the score of 1 and those in the lowest quintile received the score of 5. Similarly, individuals in quintiles 2, 3, and 4 were given the scores of 4, 3, and 2, respectively. Total DRRDS was computed by summing up the scores of participants received for all nine components. This score ranged from 5 to 45 (28).



Assessment of Breast Cancer

The diagnosis of breast cancer was done using physical examination and mammography. Pathological evaluation was also performed to confirm the diagnosis. We included women of Iranian nationality who had been diagnosed with breast cancer for the maximum of previous 6 months and also had stage I–IV breast cancer.



Assessment of Other Variables

Required data on other variables such as socio-demographic characteristics (including age, marital status, residence area, and education), past medical history, family history of breast cancer, history of breastfeeding and dietary supplement use dietary supplements (Calcium, Iron, multivitamins, etc.) were collected via pretested questionnaires. In order to assess the level of physical activity, the short form of the International Physical Activity Questionnaire (IPAQ) was used, in which the metabolic equivalents-hour per week (MET-h/week) was computed to state the activity level for each study participant (33). Weight was measured using a digital scale with light clothing. Height was assessed by a wall-mounted tape-meter in standing position without shoes. We measured waist circumference (WC) at the middle of the lower rib margin and iliac crest while people were standing and breathing normally. Finally, body mass index (BMI) was calculated as weight divided by the square of height.



Statistical Methods

We categorized participants into quartiles according to DRRD adherence. In order to compare general characteristics of study population across quartiles DRRD adherence, one-way ANOVA for continuous variables and Chi-square test for categorical variables were applied. Dietary intakes of study participants across categories DRRD adherence were evaluate by ANOVA, with Tukey's post-hoc comparison for pairwise differences. To examine the relationship between DRRD adherence and breast cancer, multivariate logistic regression was used in several models for all participants. The obtained findings were modified for confounding factors including age, residence, marital, menopausal and socioeconomic status, education, family history of Breast cancer, breast feeding, history of disease, and dietary supplement use. Further adjustment for BMI was applied in the last model. Stratified analyses by menopausal status as well as BMI were also conducted. We used quartile categories as an ordinal variable, in order to assess the trend of odds ratios across increasing quartiles of DRRD score. All analyses were done via Statistical Package for Social Sciences (SPSS Corp, version 19, Chicago, IL, USA). P < 0.05 were identified as statistically significant.




RESULTS

A total of 1,050 female participants with a mean age of 62.5 years were included in the study. Number (percentage) of individuals with BMI < 25 kg/m2 was 271 (77.4%) among cases and 352 (50.2%) among controls. Also, the participants with BMI ≥ 25 kg /m2 were 79 (22.5%) in the cases and 348 (49.7%) in the control group. General characteristics of the study population across quartiles of DRRDS are presented in Table 1. Patients in the top quartile of DRRDS were more likely to be younger, premenopausal, alcohol user, and smoker than those in the lowest quartile (P < 0.01 for all). Moreover, a lower percentage of them were residing in urban areas. No other significant differences were found across categories of DRRDS in terms of other general characteristics.


Table 1. Characteristics of the study participants across subjects with and without breast cancer and also across quartile categories of DRRDS*.
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Dietary intakes of the study population across quartiles of DRRDS are displayed in Table 2. There were significant differences between quartile of DRRDS and dietary intakes of energy, carbohydrates, proteins, dietary fiber, cereal fiber, nuts, caffeine, whole fruits, PUFA to SFA ratio, sugar-sweetened beverages, red and processed meats, fats, trans fatty acids, and GI (P < 0.001). The Tukey's post-hoc analysis was performed to compare pairwise differences between dietary intakes of study participants across quartile categories of DRRDS in Table 3. Accordingly, participants in the third category of DRRDS were significantly higher intakes of energy, carbohydrate, protein, fiber, fiber, grains, nuts, and whole fruits than participants in the first category (P < 0.001 for all). In contrast, the consumption of fat (P: 0.012), trans fatty acids (P < 0.001), and red and processed meats (P < 0.049) of participants in the third category was lower than that of the first category. Also, individuals in the top quartile of DRRD had higher energy (P: 0.001), carbohydrate (P < 0.001), protein (P < 0.001), fiber (P < 0.001), cereal fiber (P < 0.001), nuts (P: 0.003), caffeine (P < 0.001), whole fruits (P: 0.012), higher PUFA to SFA ratios (P: 0.010), and GI (P: 0.006), than participants in the lowest quartile. In addition, those with the highest quartile had lower intakes of fat (P < 0.001), trans fatty acids (P < 0.001), SSBs / fruit juices (P: 0.002), and red and processed meats (P < 0.001), vs. those with the lowest quartile.


Table 2. Dietary intakes of study participants across quartile categories of DRRDS*.
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Table 3. Pairwise comparison of the dietary intakes across each quartile categories of DRRDS*.
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Crude and multivariable-adjusted ORs and 95% confidence intervals (CIs) for breast cancer across categories of DRRDS score are outlined in Table 4. Participants with the highest DRRDS score had significantly lower odds of breast cancer than those with the lowest score (OR: 0.66; 95% CI: 0.46, 0.95). After controlling for potential confounding variables, participants with the highest DRRDS were 41% less likely to have breast cancer compared with those with the lowest score (OR: 0.59; 95% CI: 0.39, 0.87, P-trend < 0.001). Further adjustment for BMI did not change the mentioned association (OR: 0.59; 95% CI: 0.38, 0.90, P-trend = 0.002). When we did the analysis stratified by menopausal status, we found that postmenopausal women with the highest DRRDS score had 37% lower odds for having breast cancer compared with those with the lowest score (OR: 0.63; 95% CI: 0.43, 0.93, P-trend = 0.001). This inverse association remained significant after adjustment for several potential confounding variables (OR: 0.55; 95% CI: 0.36, 0.85, P-trend < 0.001), even BMI (OR: 0.57; 95% CI: 0.36, 0.90, P-trend = 0.001). However, no significant association was seen between DRRDS and odds of breast cancer in premenopausal women, either before (OR: 1.26; 95% CI: 0.48–3.31) or after adjusting for potential covariates (OR: 0.76; 95% CI: 0.19–2.91).


Table 4. Multivariable-adjusted odds ratios (95% CIs) for breast cancer across quartile categories of DRRDS, stratified by menopausal status.
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We repeated the regression analysis according to BMI status (Table 5), in which a statistically significant inverse association was observed between DRRDS and risk of breast cancer among normal-weight people, either before (OR: 0.72; 95% CI: 0.46–1.12; P-trend = 0.006) or after controlling for potential confounders (0.59; 95% CI: 0.36–0.98; P-trend = 0.006). No significant associations were seen between DRRDS and odds of breast cancer in obese women, comparing top vs. bottom quartiles (OR: 0.68, 95% CI: 0.35–1.32, P-trend = 0.08). Adjustment for potential confounders did not affect the findings (OR: 0.66; 95% CI: 0.31–1.40; P-trend = 0.13).


Table 5. Multivariable-adjusted odds ratios (95% CIs) for breast cancer across quartile categories of DRRDS, stratified by BMI.
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DISCUSSION

To the best of our knowledge, the current study is the first in the Middle East to investigate the association between DRRDS and odds of breast cancer. In this case-control study among 1,050 Iranian women, we found a significant inverse association between DRRDS and odds of breast cancer. This inverse association was also observed in postmenopausal women, either before or after controlling for confounders. Separately by BMI status, this inverse relationship was seen among normal weight women, but not in overweight or obese people.

Breast cancer is a growing public health concern worldwide (34). Along with rising prevalence of obesity and hyperinsulinemia in the world, prevalence of breast cancer is also increasing dramatically (8). Weight loss and dietary modifications are potentially important strategies to prevent developing insulin resistance and consequently breast cancer (35–37). Following a variety of dietary patterns, including the dietary approaches to stop hypertension (DASH) (38, 39), healthy lifestyle score (HLS) (40), and Mediterranean diets (41), has been reported to reduce the risk of breast cancer, and this association is more commonly found in postmenopausal women and lean individuals.

In this study, we found that DRRDS was associated with a reduced odd of breast cancer. Our results were consistent with previous studies. For example, NHS1 and NHS2 cohort study of 182,654 women found that following the DRRD score reduced their risk of breast cancer by 8% (28). Their study also showed that this inverse relationship was seen especially in postmenopausal women as well as in women with a BMI below 25. Also, Turati et al. (42) indicated that increased adherence to DRRD is associated with a reduced odds of breast cancer in the Italian female population. The results of studies on the association of DRRD adherence with various cancers are also consistent with our results. For example, a study by Esposito et al. (43) found a significant negative relationship between DRRD adherence and endometrial cancer risk. Turati et al. (42) found that consumption of DRRD reduced the risk of pancreatic cancer by 45%. Moreover, another study indicated that greater adherence to DRRD after diagnosis related to improved survival outcomes among a large number of breast cancer survivors (44). The results were also in line with other studies that have reported a lower risk of breast cancer with lower GI in diet (45, 46), lower intake of red and process meat (47), higher fiber intake (48), higher consumption of vegetables and fruits (49), and higher intake of PUFA (50). Therefore, it seems that following a diet to reduce risk of insulin resistance and diabetes might also reduce the risk of breast cancer. A recent systematic review and meta-analysis also found that high intakes of vegetables, fruits, cheese, and soy products and low intakes of red and processed meat was associated with a lower risk of breast cancer (51). Fraser et al. (52) reported that consuming more dairy milk was associated with an increased risk of breast cancer. In another study indicated that higher consumption of fruits and vegetables, and specifically cruciferous and yellow/orange vegetables, may reduce the risk of breast cancer, principally those that are more likely to be aggressive tumors (53). Dydjow-Bendek and Zagozdzon (54) suggested that greater intake of PUFA can decrease the risk of breast cancer, while the low omega-3/omega-6 ratio increases the risk. In terms of physical activity, a study also showed that in women with a family history of breast cancer, physical activity was related with decreased postmenopausal, but not premenopausal, breast cancer risk and was not modified by the extent of family history (55). However, the inverse association was only seen in postmenopausal women, not in premenopausal women in our results. This was also in line with the previous cohort study on this subject (28). This might be attributed to the increased body fat percentage among postmenopausal women, which is associated with increased concentrations of estrogen, insulin, IGF-1 and ultimately with increased mammary gland mass (56, 57). On the other hand, when the ovaries stop producing hormones in postmenopausal women, body fat is the main site of estrogen synthesis, and is also directly associated with hyperinsulinemia in the body (1, 58). Consumption of a DRRD can affect insulin secretion in the long term through which it may protect against the effect of a high estrogenic environment (28). One might assume that small population of premenopausal women in the current study (n = 199) may explain lack of a significant relationship between DRRDS and the odds of breast cancer, but it must be kept in mind that such an association was not also seen in a previous cohort study with a large sample size of premenopausal women (28).

An interesting finding of the current analysis was that the protective association between DRRDS and breast cancer was only seen in normal-weight women, but not in overweight and obese participants. The same finding was also reported by investigators in NHS (28). Earlier studies have also shown that consumption of unhealthy diets was strongly associated with elevated risk of T2D in lean women (59). No specific reason is available explaining our findings, but there are some possibilities. It seems that obese women are more likely to have triple-negative breast cancer (TNBC) and normal-weight women are more likely to have human epidermal growth factor receptor (Her2+) breast cancer (60). Human epidermal growth factor receptor 2 is a type of tyrosine kinase growth factor receptor that involves downstream signaling from the PI3K, AKT and mTOR pathways (61–64). Therefore, Her2 is highly associated with hyperinsulinemia pathways and insulin resistance. Earlier studies have also indicated that metformin is inversely related to this subtype of breast cancer, so that metformin can suppress overexpression of Her2 receptors and prevent breast cancer (62, 65, 66).

Insulin and insulin-like growth factor-1 (IGF-1) are the most important negative regulators of the sex hormone-binding globulin (SHBG) synthesis pathway in vitro and may lead to the development of breast tumors in a variety of ways (67, 68). In fact, insulin has a high affinity for the IGF-1 receptor, when stimulated, leads to mitogenic and anti-apoptotic pathways in breast cell lines (67, 69). Therefore, diet and lifestyle modifications aimed at reducing insulin resistance can play an important role in reducing the risk of breast cancer. Possible mechanisms by which DRRDS can reduce the risk of breast cancer include reduced hyperinsulinemia, which can in turn lead to decreased levels of hormones involved in the growth and proliferation of mammary gland cells (67, 69). DRRDS can also affect risk of breast cancer by its influence on weight because weight loss by reducing dietary fat can prevent the effects of fat-induced carcinogens. High consumption of cereal fibers, nuts, fruits, vegetables, caffeine, PUFA and less intake of SSB, trans fatty acids and red and processed meat, which are considered in the DRRDS, may contribute to this association (70–73). Thus, DRRDS is rich in antioxidants, dietary fiber, and polyphenols that can mediate the inverse relationship between DRRDS and breast cancer. Thus, DRRDS is rich in antioxidants, dietary fiber, and polyphenols that can mediate the inverse relationship between DRRDS and breast cancer.

The present study contains several strengths. This is the first study in the Middle East to examine the association between DRRDS and breast cancer. Adequate number of studied people, accurate assessment of potential confounders and controlling for them in the analysis are also among the strengths of the present study. Another strength of this study was that the food questionnaires were completed in a face-to-face interview by a trained nutritionist. The use of the USDA food composition table, which was modified for Iranian local foods using the nutrient composition of Iranian food items, was another strength of this study. The limitations of the study include the following points: (1) the study type is case-control which would prevent the inference of causation and (2) this study is subject to selection and recall bias. However, applying the population-based study, we tried to reduce the possibility of selection bias, (3) measurement errors are unavoidable and would lead to misclassification of participants, (4) proportion of postmenopausal women was higher than premenopausal, which might explain finding the expected association in this group only, (5) failure to assess insulin resistance, and (6) lack of data on the hormonal status of breast cancer and medication use in this people are another limitation.

Overall, we found that consumption of “diabetes risk reduction” diet was associated with a reduced odds of breast cancer, in particular among normal-weight women and postmenopausal women. Additional studies in other countries of the Middle East are needed to further examine this hypothesis in the region.
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