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Abstract


Background: Plant-based diets are recommended in guidelines for the prevention of cancer and cardiometabolic diseases, which remain major causes of death in breast cancer survivors (BCS). Since not all plant foods are healthy, we calculated the plant-based dietary index (PDI), healthy (hPDI) and unhealthy (uPDI), and their associations with cardiometabolic targets in BCS. Methods: Baseline dietary and cardiometabolic data were derived from 492 (median age 51, IQR 46–59) female BCS participating in a multicentric lifestyle trial conducted in Italy. Dietary data were collected with 7-day food records. PDI, hPDI, and uPDI were calculated by assigning positive scores to all plant foods, healthy plant foods or less healthy plant foods, respectively, as defined by the literature (scores ranged from 18 to 90). Using logistic or multinomial regression models, we estimated the odds ratios (OR) and the corresponding 95% confidence intervals (CI) between PDIs and cardiometabolic risk factors. Results: The OR of being obese (BMI ≥ 30 Kg/m2) was 0.47 (95%CI: 0.29–0.77), 0.37 (95%CI: 0.22–0.61) and 1.38 (95%CI: 0.83–2.28) with higher PDI, hPDI and uPDI, respectively. The OR of having a large waist circumference (≥88 cm) was 0.64 (95%CI: 0.42–1.00) with higher hPDI. The OR for hypercholesterolemia (≥200 mg/dL) was 1.80 (95%CI: 1.16–2.78) with higher uPDI. The ORs of hypertriglyceridemia (≥150 mg/dL) and metabolic syndrome were 0.38 (95%CI: 0.20–0.71) and 0.59 (95%CI: 0.35–0.97), respectively, with higher PDI. No other significant association was observed. Conclusions: Maintaining cardiometabolic risk factors within normal ranges is clinically relevant in BCS, and this may be more likely when a plant-based diet is consumed, especially if low in unhealthy plant foods.
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1. Introduction


Breast cancer is the most frequently diagnosed female cancer worldwide [1]. The 5-year relative survival in developed countries has reached 92% [2], albeit with an intrinsic higher risk of comorbidities, such as cardiovascular diseases (CVD) and type 2 diabetes (T2D) [3,4]. Low-quality diets represent the second cause of cardiovascular burden, responsible for 44% of all CVD deaths globally [5], while higher diet quality has been advocated by international guidelines for the prevention of CVD and cancer and for reduced mortality [6,7,8,9,10,11].



“Plant-based diet” is a general term for various types of vegetarian dietary patterns that discourage some or all animal foods [12,13]. Evaluating diets only as a dichotomy of vegetarian and omnivorous has limitations [14] since not all plant foods are beneficial to general health, cardiometabolic and breast health [12,15,16]. Studies on healthy subjects reported that higher consumption of whole grains, nuts, fruits and vegetables was associated with lower premature mortality [17,18], while opposite results were found for plant foods, such as refined grains, potatoes, commercial foods and drinks with abundant added sugars and salt [19,20]. Thus, Satija et al. [15] proposed a new approach to the plant-based dietary index (PDI), designed to assess the overall diet while differentiating healthy from less healthy plant foods: healthy plant-based dietary index (hPDI) and unhealthy plant-based dietary index (uPDI). These dietary indices have been investigated for their relationship with risk of CVD, T2D and total mortality in non-oncologic populations [12,15,21,22,23,24]. In these cohort studies, the hard endpoint was inversely associated with hPDI and directly with uPDI. In a cross-sectional study of adults with chronic disease, uPDI was associated with higher fasting glycemia, circulating total and low-density lipoprotein cholesterol levels, while hPDI was significantly inversely associated with total serum cholesterol concentrations [25]. In BCS, the only study investigating hPDI in relation to cardiometabolic conditions (i.e., T2D, hypertension, dyslipidemia) is the Pathways study [26]. However, no study investigated PDI, hPDI and uPDI concomitantly in relation to CVD risk factors and metabolic syndrome in BCS. Therefore, since BCS are at higher risk of cardiometabolic conditions [27,28], we investigated the relationship of PDI and its healthy and less healthy versions with cardiometabolic targets in BCS living in a Mediterranean country.




2. Materials and Methods


2.1. Overview of the DEDiCa Study


This cross-sectional study, planned according to the STROBE guidelines (Table S1), is part of a multicenter randomized controlled trial of the effect of an intervention, including dietary modification, physical activity and vitamin D supplementation (DEDiCa Study) in breast cancer recurrence [29]. The study was registered with ClinicalTrials.gov (NCT02786875; EudraCT n. 2015-005147-14). The study protocol was approved by the “Agenzia Italiana del Farmaco” (AIFA-Italian Drug Agency), the Ethic Board of the Italian Medicine Agency (AIFA/RCS/P/25054) and of each recruiting hospital (specified at the end of the manuscript in the Institutional Review Board Statement).



Participants (n = 506) were recruited from November 2016 to July 2021 and were followed up in national cancer institutes or oncologic departments in three regions of Italy: Campania (South), Sicily (South) and Friuli Venezia Giulia (North) [29].



Eligible participants were found through surgical lists of participating hospitals, were contacted by phone and were offered to attend group information sessions. Consenting subjects were randomized to one of two lifestyle treatments to be followed for approximately three years. The inclusion criteria were as follows: primary diagnosis of histologically confirmed breast cancer (stages I–III, if stage I, then Ki67 ≥ 30%) within 12 months from diagnosis; age ≥30 and <75 years; ability to comprehend and willingness to sign the consent form, and to adhere to the protocol, including scheduled clinic visits and assigned treatment. The exclusion criteria were as follows: patients with sarcoidosis or other granulomatous diseases or with hypercalcemia (Ca > 11 mg/dL); patients with any previous or current concomitant malignant cancer; pregnant or lactating women; patients with AIDS diagnosis; patients with severe renal insufficiency; patients with kidney stones (nephrocalcinosis or nephrolithiasis); patients participating in other lifestyle clinical trials. More information regarding the study design can be found in the original publication [29].



For this cross-sectional analysis, we included 492 DEDiCa eligible participants who completed the baseline visit.




2.2. Dietary Assessment and the Plant-Based Dietary Indices (PDIs)


Dietary data, including beverages, were recorded in grams for 7 days by participants before their study visits and were collected and reviewed by research dietitians at baseline. Data were stored and processed using a professional nutritional analysis software (WinFood©) which utilizes two Italian nutrition databases: “CREA—Alimenti e Nutrizione” (Consiglio per la Ricerca in Agricoltura e l’Analisi dell’Economia Agraria) and “BDA—banca dati di composizione degli alimenti per studi epidemiologici in Italia”. Glycemic index (GI) values were derived from the Italian GI tables [30] and from the “International tables of glycemic index and glycemic load values”, where GI values were determined according to “Food and Agriculture Organization”/”World Health Organization” (FAO/WHO) and ISO (International Organization for Standardization) standards [31,32]. These GI values were preferentially chosen among Italian foods because they were prepared according to the Mediterranean culinary traditions and because they were tested by GI laboratories following the standard methodology. The GI values were inserted in the software WinFood by study dietitians to create a GI folder of commonly consumed carbohydrate foods by study subjects.



Using the dietary data extracted from Winfood and the methodology defined by Satija and colleagues [12], three plant-based diet indices were calculated: an overall PDI, an hPDI and an uPDI. In line with Satija et al., we identified 18 food groups and divided them into healthy plant foods (i.e., whole grains and pasta, vegetables, fruits, legumes, nuts, vegetable oils and tea/coffee), less healthy plant foods (i.e., highly refined grains, fruit juices, sugar-sweetened beverages, potatoes and sweets/desserts) and animal sources of food (i.e., meat and miscellaneous animal-based foods, animal fats, eggs, dairy, fish/seafood). Pasta was included among healthy plant foods for several reasons. It is made of durum wheat semolina by Italian law n. 580 (in 1967 and modified in 2001), a course type of flour, which contains intact cell walls [33], unlike its refined counterpart. According to the Food and Drug Administration definitions, pasta is a “good source” of dietary fiber (10–19% of daily reference value (DRV) of 28 g/day; 100 g dry pasta contains 4 g of dietary fiber or 14% DRV) [34]. Pasta is a staple carbohydrate food of the Italian Mediterranean diet, and it has a low glycemic index, which helps to control glycemia, cholesterolemia, blood pressure and body weight in randomized trials, while in epidemiological observations it is associated with lower risk of cardiometabolic diseases and cancer [35,36]. Overall, durum wheat semolina pasta, within an energy-balanced diet, has been associated with health benefits and lack of negative effects, including excess body weight otherwise observed with foods made of soft wheat refined flours [37].



Each food group was expressed in grams, divided into quintiles of consumption in grams per day and assigned a score from 1 to 5. PDI was calculated by assigning incremental positive scores (i.e., the higher the daily intake, the higher the score) to quintiles of plant foods and reverse scores to animal foods, hPDI by assigning positive scores to healthy plant foods and reverse scores (i.e., the higher the daily intake, the lower the score) to animal and less healthy plant foods, while uPDI by assigning positive scores to less healthy plant foods and reverse scores to animal and healthy plant foods. Scores ranged from 18 to 90, the lowest score indicating lower adherence to PDI, hPDI or uPDI.



Adherence to the Mediterranean diet was estimated with the validated Mediterranean Diet Adherence Screener (MEDAS) questionnaire developed to study the dietary compliance to the Mediterranean diet within the Spanish intervention trial PREDIMED (Prevencion con Dieta Mediterranea) [38]. MEDAS consists of 14 questions on the consumption of typical and non-typical Mediterranean foods throughout the year. The maximum score is 14, indicating the highest adherence to the Mediterranean diet, while 0 indicates the lowest adherence [39].




2.3. Cardiometabolic Assessment


Participants’ weight, height and waist circumference were obtained by trained investigators. Height was measured to the nearest 1 cm using a Seca stadiometer, and weight was measured to the nearest 0.5 Kg using a scale (Seca 761). Body mass index (BMI) was calculated as body weight in kilograms divided by the square of the height in meters, and cut-offs were found from the WHO guidelines: normal BMI ≥ 18.5 < 25 kg/m2, overweight BMI ≥ 25 kg/m2 < 30 kg/m2, obesity BMI ≥ 30 kg/m2 [40]. Waist circumference was measured in centimeters (cm) at the level of the umbilicus with a non-elastic measuring tape, and the cut-off (<88 cm) was obtained from the metabolic syndrome definition of the National Cholesterol Education Program Adult Treatment Panel III-2001 [41].



Systolic and diastolic blood pressure and heart rate were measured with a digital automatic blood pressure monitor (Nissei, DS-11, CA-MI s.r.l., Pilastro-PR, Italy) after 10 min of rest while sitting and repeated three times, from which the average value was derived. The cut-offs for systolic and diastolic blood pressure were <130 mmHg and <80 mmHg, respectively [42]. Serum values were obtained from centrifugation of venous blood samples collected in Vacutainer tubes without anticoagulant (Becton, Dickinson and Co, Milano, Italy). Total cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and glucose serum concentrations were determined by spectrophotometric methods on the Cobas C6000 automated analyzer (Roche Diagnostics, S.p.A., Monza-MB, Italy) according to the manufacturer’s instructions. Hemoglobin A1c (HbA1c) value was determined using whole blood collected in EDTA Vacutainer tubes (Vacutainer; Becton, Dickinson and Co, Milano, Italy) by a turbidimetric inhibition latex immunoassay (TINA QUANT Roche Diagnostics) on Cobas C6000 analyzer (Roche Diagnostics, S.p.A., Monza-MB, Italy). The Diagnostic Laboratory Unit of Istituto Nazionale Tumori—IRCCS “Fondazione Giovanni Pascale” in Naples performed all the above-mentioned analyses under internal and external quality control procedures. The cut-off for serum LDL-C (<116 ng/mL) was obtained from the 2019 European Society of Cardiology (ESC) and European Atherosclerosis Society (EAS) Guidelines [42,43]. The cut-off for serum HDL-C (>50 ng/mL) was obtained from the National Cholesterol Education Program (NCEP) [41] expert panel on detection, evaluation, and treatment of high blood cholesterol in adults (Adult Treatment Panel III) [41]. The cut-off for serum triglycerides (<150 mg/dL) was obtained from the ESC guidelines [42].



Metabolic syndrome was defined according to Alberti et al., 2009 [44], which includes five parameters: triglycerides, HDL-C, blood pressure, fasting glucose and obesity. Three or more abnormal findings out of five would qualify a person as having metabolic syndrome.




2.4. Statistical Analyses


Categorical variables were summarized as counts and percentages. Adherence to PDI, hPDI and uPDI was categorized as “Low” and “High” according to median values that were 52, 58 and 53, respectively. Difference in socio-demographic and clinical characteristics according to level of adherence to each index was evaluated through the χ2 test. Missing values were few and, therefore, were not substituted prior to the analysis (n = 5 for physical activity; n = 10 for blood pressure; n = 1 for LDL- and n = 1 for HDL-cholesterol).



Logistic or multinomial regression models (when appropriate) were used to estimate the odds ratios (OR), with the corresponding 95% confidence intervals (CI), including adjustments for study centre, age, years of education, physical activity, smoking status, energy intake, menopausal status, adjuvant chemotherapy and endocrine therapy. A DAG showing the covariates used to adjust the estimates of BMI related to PDI, hPDI and uPDI is provided in the Supplementary Materials (Figure S1). The same DAG applies to all other outcome variables considered. Estimates of OR and 95% CI were obtained excluding patients treated for systolic and diastolic blood pressure, glycaemia and glycated haemoglobin and cholesterol.



Student’s t statistic was used to test differences in nutrient intakes between higher and lower PDIs median scores.



Statistical significance was claimed for p < 0.05. All analyses were performed using the statistical software R version 4.0.5.





3. Results


3.1. Characteristic of Study Participants


Participants (n = 492) were recruited from three different regions of Italy: 13% from Sicily, 14% from Friuli Venezia Giulia and 73% from Campania (Table 1). Approximately 57% were aged 50 years or older, and 90% were postmenopausal (natural or pharmacological). Approximately half were physically active, 33% graduated from high school or university, 47% reported never being smokers and 21% were current smokers. Approximately 18% were on a chemotherapy regimen, while 47% had just finished before enrollment and 67% had already started endocrine therapy. Overweight and obesity were prevalent in 61% of the participants, and 69% had a high waist circumference of at least 88 cm. Elevated systolic and diastolic blood pressure were present in 27% and 25% of participants, respectively. Elevated fasting serum glucose or elevated HbA1c levels were present in 21% and 12% of participants, respectively. High serum levels of total cholesterol and LDL-C were present in 43% and 58% of participants, respectively, while high serum triglyceride levels were detected in 15% of participants. Overall, 32% of our patients presented with metabolic syndrome (three to five cardiovascular risk factors). The distributions were significantly different among PDI categories for geographical area, education, physical activity, smoking status, energy intake, BMI, systolic blood pressure, triglyceride levels and metabolic syndrome. Among hPDI categories, significant differences were found in geographical area, age, energy intake and BMI, while for uPDI, differences were in geographical area, education, physical activity, energy intake, BMI and total cholesterol.



Table 2 shows the median daily intake in grams/day of the eighteen food groups included in the calculations of the three PDIs. The intakes of vegetables, legumes, fruits, nuts and vegetable oils were below recommendations in at least 50% of participants, and sweets were consumed above recommendations and above the amounts typically seen in the traditional Italian Mediterranean diet [45,46]. Furthermore, among the animal foods, the dairy product intakes were highest, followed by meat and fish/seafood.



Table S2 and Figure S2 show the distribution of macro- and micronutrients according to the median values of the PDIs. Patients with higher median PDI scores (≥ 52), compared to PDI scores lower than the median (<52), had higher adherence to the Mediterranean diet (MEDAS score: 8.4 ± 1.9 vs. 7.5 ± 1.9; p < 0.001), higher intakes of total energy (1492 ± 337 vs. 1344 ± 311 Kcal; p < 0.001), dietary fiber (13.8 ± 4.0 vs. 11.5 ± 3.7 g/1000 Kcal; p < 0.001), and lower intakes of saturated fatty acids (SFA, 10.6 ± 2.8 vs. 11.7 ± 2.5 g/1000 Kcal; p < 0.001) and dietary cholesterol (106.1 ± 36.6 vs. 132.1 ± 45.1 mg/1000 Kcal; p < 0.001).



Patients with higher hPDI scores than the median (≥58), compared to lower hPDI (<58), had higher adherence to the Mediterranean diet (MEDAS score: 8.6 ± 1.8 vs. 7.3 ± 1.9; p < 0.001), higher dietary fiber intake (14.6 ± 4.0 vs. 10.6 ± 2.8 g/1000 Kcal; p < 0.001), and lower intakes of total energy (1379 ± 315 vs. 1473 ± 345 Kcal; p < 0.002), SFA (10.2 ± 2.6 vs. 12.1 ± 2.6 g/1000 Kcal; p < 0.001) and dietary cholesterol (112.2 ± 44.2 vs. 124.4 ± 40.2 mg/1000 Kcal; p < 0.001).



Patients with higher uPDI scores than the median (≥ 53), compared to lower uPDI (<53), had lower adherence to the Mediterranean diet (MEDAS score: 7.4 ± 1.9 vs. 8.7 ± 1.8; p < 0.001), and lower intakes of total energy (1355 ± 325 vs. 1515 ± 322 Kcal; p < 0.001) and dietary fiber (11.4 ± 3.5 vs. 14.5 ± 3.9 g/1000 Kcal; p < 0.001), and higher intakes of SFA (11.4 ± 2.8 vs. 10.8 ± 2.6 g/1000 Kcal; p < 0.02) and dietary cholesterol (112.5 ± 40.9 vs. 125.3 ± 44 mg/1000 Kcal; p < 0.001). Other macronutrients did not show physiologically significant differences and were balanced between high vs. low scores.



Daily average intakes of micronutrients such as potassium, magnesium, calcium, iron, folic acid, alpha-tocopherol and beta-carotene were significantly higher, while sodium was significantly lower with higher PDI and hPDI and with lower uPDI compared to their counterparts. The largest differences in micronutrient consumption were seen with the higher hPDI category, especially for potassium with more than 300 mg/1000 Kcal/day, beta-carotene with more than 400 mg/1000 Kcal/day and approximately 180 mg less sodium/day compared to lower hPDI scores. A higher hPDI showed higher daily intakes per 1000 Kcal of the heart-healthy minerals and antioxidant vitamins than the higher PDI category.




3.2. PDIs and Cardiometabolic Targets


The associations of plant-based indices with cardiometabolic targets are reported in Figure 1 and Table 3. The OR of being obese (BMI ≥ 30 kg/m2) was 0.47 (95% CI: 0.29–0.77) for high versus low PDI, 0.37 (95% CI: 0.22–0.61) for hPDI and 1.38 (95% CI: 0.83–2.28) for uPDI. The OR for hypercholesterolemia (≥200 mg/dL) was 1.80 (95%CI: 1.16–2.78) for high versus low uPDI. The ORs of hypertriglyceridemia (≥150 mg/dL) and metabolic syndrome were 0.38 (95% CI: 0.20–0.71) and 0.59 (95% CI: 0.35–0.97), respectively, with higher PDI. The OR of having a large waist circumference (≥88 cm) was of borderline significance (OR = 0.64, 95% CI: 0.42–1.00) with higher hPDI. No other significant associations were observed, although the higher hPDI scores tended to be associated also with lower odds of having a BMI in the overweight ranges, i.e., 25–30 kg/m2 (OR = 0.63; 95% CI: 0.39–1.03), systolic blood pressure values ≥ 130 mmHg (OR = 0.54; 95% CI: 0.28–1.02) and presence of metabolic syndrome (OR = 0.64; 95% CI: 0.38–1.07).





4. Discussion


This cross-sectional study in Mediterranean BCS showed a lower probability of cardiometabolic risk factors outside of safety targets when adherence to a plant-based diet was higher, particularly for body weight (53–63% lower risk), serum triglycerides (62% lower risk) and metabolic syndrome (41% lower risk). Higher adherence to a healthy plant-based diet showed an additional, albeit borderline, protection from abdominal obesity (36% lower risk) while an unhealthy plant-based diet was associated with a greater risk of hypercholesterolemia (80% higher risk).



CVD remains a major cause of death in BCS [4,28], and heart failure is highly prevalent, i.e., up to 20% cumulative at 15 years postdiagnosis [47]. This is partly due to obesity and unhealthy lifestyles [48] and partly to the cardiotoxicity of oncologic treatments (i.e., anthracyclines, left-side breast radiation, trastuzumab, aromatase inhibitors). The presence of at least one CVD risk factor before or after diagnosis can further increase the risk of heart failure in BCS from 50% to 3-fold [47]. Therefore, maintaining CVD risk factors (including body weight) within target ranges before or after diagnosis is a relevant clinical target for BCS and potentially achievable with a high plant-based diet [26].



Our findings are in line with results from previous studies reporting inverse associations between plant-based diets and excess body weight [14]. In a cross-sectional study in healthy women, the risk of overweight or obesity was 65% lower in vegans, 48% lower in semi-vegetarians and 46% lower in lactovegetarians, compared to omnivores [49]. A meta-analysis including 1151 subjects demonstrated that vegetarian diets are effective in reducing body weight by an average of 2 kg in 4 months and even more in highly adherent individuals [50,51].



The Pathways study in the USA found inverse associations between higher hPDI and T2D, hypertension and dyslipidemia in BCS [26]. In line with this study, our results showed that higher hPDI significantly reduced the risk of obesity and central obesity, with a tendency to lower the risk of systolic hypertension and metabolic syndrome. Possibly our smaller sample size and the background Mediterranean diet played a role in reducing the differences of plant food intakes among our BCS, which may explain the lack of association of hPDI with cholesterolemic and glycemic targets. Our study population tended to homogenously consume some staple Mediterranean foods such as extra virgin olive oil, known to control blood lipids and glycemia [52,53], and nuts and legumes, which are two cholesterol-lowering and glycemic-lowering foods [54]. Indeed, in our study, the differences in the risk of hypercholesterolemia were seen with high uPDI because foods in this category (e.g., sugar-sweetened beverages, desserts, white bread and white rice) are not typical of the Mediterranean diet and hence not consumed by everyone. This is also in line with findings from a meta-analysis of clinical trials in non-oncologic patients, where uPDI increased serum cholesterol levels [25].



Over time, metabolic syndrome [44] increases the lifetime risk of developing T2D by 5-fold and doubles CVD risk within 10 years in non-oncologic populations [41]. In BCS, metabolic syndrome increased BC-specific mortality in a Southern Italian cohort [55]. A Chinese cross-sectional study including more than 4000 adults found that high consumption of unhealthy plant foods increased metabolic syndrome risk by 37%, abdominal obesity risk by 32%, and hypertension risk by 41% [56]. In an intervention trial, obese individuals with metabolic syndrome, substituting 60% of animal proteins with vegetable proteins such as legumes, nuts and seeds within a balanced diet (55% carbohydrates, 15% protein and 30% fat), significantly reduced body weight, waist circumference, blood pressure, glycemia and triglyceridemia compared to controls [57]. This is partly due to the lower glycemic and insulinemic potential and anti-inflammatory properties of such diets [58], contributing to reduced fat accumulation in the liver and insulin resistance related to the metabolic syndrome [59,60].



Our study showed that the cardiometabolic health benefits of plant-based diets can be achieved with a moderate decrease in the consumption of unhealthy plant foods and animal foods without their complete exclusion. A typical plant-based diet is also a characteristic of the Mediterranean diet, which has shown inverse associations with CVD and breast cancer risk and mortality [61,62,63]. The potential mechanisms explaining the inverse associations of hPDI scores with obesity, abdominal obesity, serum lipids and blood pressure in BCS may be partly explained by higher intakes of several beneficial components present in healthy plant foods such as dietary fiber, unsaturated fatty acids (MUFA and PUFA), antioxidants and micronutrients (e.g., potassium, magnesium and calcium) and lower unhealthy components such as SFA and cholesterol [12]. Vegetables, legumes, intact grains, fruits, unpeeled nuts and seeds are the main sources of dietary fiber (appetite suppressant, cholesterol and glycemic lowering), anti-inflammatory unsaturated fatty acids, antioxidant vitamins such as alpha-tocopherols and carotenoids, blood pressure regulating minerals such as potassium and magnesium and non-nutrients such as cholesterol-lowering phytosterols (especially from seeds, seed oils, olives, olive oil, nuts) and hormone-regulating phytoestrogens (especially from seeds and beans). Nuts and olives are also rich in MUFA, PUFA and polyphenols known to regulate metabolic syndrome components [64]. Beans are also a main source of anti-atherogenic amino acids [65]. These food components may promote weight loss or maintenance, reduce adiposity and potentially lower the risk of obesity through various pathways, including satiety, insulin sensitivity, reduced inflammation and gut microbiome modification [14,66]. Foods rich in dietary fiber increase satiety despite their lower caloric density and regulate fatty acid metabolism, promoting reduced adiposity [14]. Furthermore, they reduce the risk of chronic diseases and therefore may partly explain the reduced mortality [22].



The high mineral content of healthy plant foods (e.g., calcium, magnesium and potassium) is relevant to BCS who are generally at higher risk of developing hypertension and osteoporosis, sarcopenia and fatigue mainly due to oncologic treatments [67,68,69,70]. Calcium contributes to bone health, and magnesium is required for protein synthesis, for vitamin D hydroxylation, and it is essential for the regulation of muscle contractions, including those of inner arteries [71]. Potassium intake, beyond blood pressure control, beneficially affects muscle function and overall muscle health thereby preventing falls [72]. Conversely, unhealthy plant diets (highly refined grains, fruit juices, sugar-sweetened beverages, potatoes and sweets/desserts) are associated with lower dietary fiber and micronutrient content, higher glycemic index and caloric density, and unbalanced macronutrient profiles (e.g., high in sugar and saturated fat but low in protein content). This dietary pattern may lead to decreased satiety and increased hunger signals [15,73]. This could adversely affect the pathways contributing to obesity [74] and other CVD risk factors, resulting in increased chronic diseases, including breast cancer [15,16]. In our study, higher PDI and hPDI and lower uPDI showed healthier macro- and micro-nutrient profiles, i.e., higher intakes of dietary fiber, unsaturated fatty acids, antioxidant vitamins such as alpha-tocopherols and beta-carotene, minerals such as magnesium, calcium and potassium and lower intakes of sodium and saturated fats.



The strengths of our study include a large number of women diagnosed with non-metastatic breast cancer living in Italy, a country with Mediterranean dietary traditions, which allowed the study of a large range of plant-based foods. Also, the nature and type of study design, a lifestyle trial, allowed for detailed and accurate information regarding diet, body weight and serum markers of cardiovascular health. The advantage of using the three indices of plant-based diets is that they provide a quantitative measure of how closely an individual’s diet aligns with a plant-based dietary pattern. This approach addresses a significant gap in current research, which often overlooks the quality and specific types of plant foods. This method allows for studying the diet while preserving its “cultural traditions” that may include moderate consumption of animal products like fish, poultry, and fermented dairy, which have been associated with health benefits [18]. This study, however, also has limitations. The cross-sectional nature of this analysis did not allow for inferring cause–effect, but only possible associations, with limited generalizability. The tool used to collect dietary data, i.e., 7-day food records, although considered the gold standard, is subject to bias and potential distortions because it relies on self-reporting. Patients may not provide precise and valid information in estimating portion sizes, leading to potential under- or over-estimations. However, study dietitians accurately reviewed each food record with each participant during a one-hour counselling session. Residual confounding may still exist. Socioeconomic status affects purchasing power and may affect healthy food choices and the accuracy of food record reporting. However, our model included the adjustment term years of education, which is an optimal proxy of socioeconomic status in our patient population. In addition, the professional nutritional analysis software WinFood may include another source of error since the WinFood database contains a limited number of foods and recipes. Adjusting for energy intake and physical activity may partially over-adjust for variables that are mediators of dietary patterns; however, the majority of our participants were not physically active (only ~8% were very active, i.e., at least 10,000 steps per day), and there was no meaningful correlation between energy intake and physical activity. Any potential over-adjustment is therefore likely to be minor.




5. Conclusions


This cross-sectional analysis in BCS highlights the relevance of plant-based diets in cardiometabolic health and the importance of differentiating plant foods. Specifically, it suggests the possible protection of plant-based diets against obesity, hypertriglyceridemia and metabolic syndrome. Furthermore, a healthy plant-based diet showed possible protection from abdominal obesity and delivered the highest heart-healthy micronutrient profile and dietary fiber, while an unhealthy plant-based diet was linked to hypercholesterolemia and had a poorer micronutrient profile. These results may be relevant in oncologic clinical practice since low-quality diets, excess body weight and metabolic syndrome have been shown to increase the risk of disease recurrence and mortality among BCS.








Supplementary Materials


The following supporting information can be downloaded at https://www.mdpi.com/article/10.3390/nu17233782/s1: Figure S1: DAG showing the covariates used to adjust the estimates of BMI related to plant-based diet indices. Figure S2: Mean selected diet quality indicators according to high and low plant-based diet indices (N = 492); Table S1: STROBE Statement—Checklist of items included in reports of cross-sectional studies; Table S2: Distribution of baseline dietary variables by median scores of overall plant-based dietary index (PDI), healthy and unhealthy (hPDI and uPDI, respectively) in 492 breast cancer survivors enrolled in DEDiCa trial.





Author Contributions


The authors’ responsibilities were as follows—conceptualization and methodology, L.S.A.A., S.V. and D.J.A.J.; validation, L.S.A.A. and E.C. (Egidio Celentano); formal analysis, M.D.M., J.P. and C.L.V.; investigation, S.V., E.P., G.P., A.L., I.C., R.P., M.G. and L.S.A.A.; resources, M.D.L., V.D.L., D.C., M.R., G.T., M.D., S.M., F.F., R.R., F.C., F.M., A.S. and V.M.; data curation, S.V., E.P., G.P. and L.S.A.A.; writing—original draft preparation, S.V., L.S.A.A. and A.D.; writing—review and editing, J.P., A.C., L.F., A.M., M.C., R.d.F., E.C. (Ernesta Cavalcanti), M.L., G.R. and E.C. (Egidio Celentano); visualization S.V., M.D.M. and L.S.A.A.; supervision, L.S.A.A., E.C. (Egidio Celentano) and C.L.V.; project administration L.S.A.A. and E.C. (Egidio Celentano); funding acquisition, L.S.A.A. and E.C. (Egidio Celentano). All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by grant 5XMILLE_2021_2 and Italian Ministry of Health Finalizzata grant (RF-PE-2013-02358099) and partially supported by the Italian Ministry of Health “Ricerca Corrente”.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics Committee of each recruiting hospital (ClinicalTrials.gov NCT02786875; 17 March 2016). The study protocol was approved by the “Agenzia Italiana del Farmaco” (AIFA-Italian Drug Agency) and the Ethic Board of the Italian Medicine Agency (AIFA/RSC/P/25054; 10 March 2016), and of each recruiting hospital: National Cancer Institute “Fondazione Giovanni Pascale” in Naples (protocol 2/16 approved by CEI/83/2016; 16 March 2016), Azienda Ospedaliera per l’Emergenza Ospedale Cannizzaro in Catania (CE 85/2016/CA; 11 July 2016), Azienda Ospedaliera Universitaria Policlinico “G. Martino” in Messina for San Vincenzo Hospital of Taormina (CE 10/2016; 19 September 2016), Comitato Etico Campania Centro ASL NA1 Centro for Clinica Mediterranea in Naples (357/C.E.; 17 March 2016) and for Ospedale Evangelico Betania in Naples (392/C.E.; 20 December 2017). Comitato Unico Regionale Friuli Venezia Giulia for CRO-Aviano (CEUR-2017-Sper-066CRO; 28 July 2017).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the last author.




Acknowledgments


We would like to express our special thanks to all patients who participated in the study, to research assistants Emanuela Rotondo, Ilaria Calderan, Luigina Mei and Valentina Martinuzzo and our sponsors who provided in-kind support: Barilla Spa (Parma, Italy) for providing participants with pasta and low GI bread, Panificio Giacomo Luongo (Naples, Italy) for providing fresh whole wheat bread, The Almond Board of California (Modesto, California, USA) and Consorzio Mandorle di Avola (Avola, Italy) for providing dry almonds, SunRice (Sydney, Australia) for providing low glycemic index rice, Roberto Alimentare (Treviso, Italy) for providing low glycemic index bread, Ello Frutta (Naples, Italy) for providing dehydrated fruit, Perrotta Montella for providing chestnuts (Avellino, Italy), Abiogen Pharma for providing vitamin D and Universita’ di Parma for GI testing. The work of Massarut and Polesel was partially supported by the Italian Ministry of Health, Ricerca Corrente.




Conflicts of Interest


D.J.A.J. has received research grants from Heart and Stroke Foundation Grant-in-Aid, Soy Nutrition Institute (SNI), Diabetes Canada, the Canadian Institutes of Health Research (CIHR), Saskatchewan & Alberta Pulse Growers Associations, the Agricultural Bioproducts Innovation Program through the Pulse Research Network, the Advanced Foods and Material Network, Loblaw Companies Ltd., Unilever Canada and Netherlands, Barilla, the Almond Board of California, Agriculture and Agri-food Canada, Pulse Canada, Kellogg’s Company, Canada, Quaker Oats, Canada, Procter & Gamble Technical Centre Ltd., Bayer Consumer Care, Springfield, NJ, Pepsi/Quaker, International Nut & Dried Fruit Council (INC), Soy Foods Association of North America, the Coca-Cola Company (investigator initiated, unrestricted grant), Solae, Haine Celestial, the Sanitarium Company, Orafti, the International Tree Nut Council Nutrition Research and Education Foundation, the Peanut Institute, the Canola and Flax Councils of Canada, the Calorie Control Council, the Canada Foundation for In-novation (CFI) and the Ontario Research Fund (ORF). He has received in-kind supplies for trials as research support from the Almond Board of California, Walnut Council of California, the Peanut Institute, Barilla, Unilever, Unico, Primo, Loblaw Companies, Quaker (Pepsico), Pristine Gourmet, Bunge Limited, Kellogg Canada and WhiteWave Foods. He has been on the speaker’s panel, served on the scientific advisory board and/or received travel support and/or honoraria for lectures/presentations from Diabetes and Nutrition Study Group (DNSG), Lawson Centre Nutrition Digital Series, 19th Annual Stare-Hegsted Lecture, Diabetes Canada, Nutritional Fundamentals for Health (NFH)-Nutramedica, Saint Barnabas Medical Center, The University of Chicago, 2020 China Glycemic Index (GI) International Conference, Atlantic Pain Conference, Academy of Life Long Learning, the Almond Board of California, Canadian Agriculture Policy Institute, Loblaw Companies Ltd., the Griffin Hospital (for the development of the NuVal scoring system), the Coca-Cola Company, Epicure, Danone, Diet Quality Photo Navigation (DQPN), Better Therapeutics (FareWell), Verywell, True Health Initiative (THI), Heali AI Corp, Institute of Food Technologists (IFT), Soy Nutrition Institute (SNI), Herbalife Nutrition Institute (HNI), Saskatchewan & Alberta Pulse Growers Associations, Sanitarium Company, Orafti, the International Tree Nut Council Nutrition Research and Education Foundation, the Peanut Institute, Herbalife International, Pacific Health Laboratories, Barilla, Metagenics, Bayer Consumer Care, Unilever Canada and Netherlands, Solae, Kellogg, Quaker Oats, Procter & Gamble, Abbott Laboratories, Dean Foods, the California Strawberry Commission, Haine Celestial, PepsiCo, the Alpro Foundation, Pioneer Hi-Bred International, DuPont Nutrition and Health, Spherix Consulting and WhiteWave Foods, the Advanced Foods and Material Network, the Canola and Flax Councils of Canada, Agri-Culture and Agri-Food Canada, the Canadian Agri-Food Policy Institute, Pulse Canada, the Soy Foods Association of North America, the Nutrition Foundation of Italy (NFI), Nutra-Source Diagnostics, the McDougall Program, the Toronto Knowledge Translation Group (St. Michael’s Hospital), the Canadian College of Naturopathic Medicine, The Hospital for Sick Children, the Canadian Nutrition Society (CNS), the American Society of Nutrition (ASN), Arizona State University, Paolo Sorbini Foundation and the Institute of Nutrition, Metabolism and Diabetes. He received an honorarium from the United States Department of Agriculture to present the 2013 W.O. Atwater Memorial Lecture. He received the 2013 Award for Excellence in Research from the International Nut and Dried Fruit Council. He received funding and travel support from the Canadian Society of Endocrinology and Metabolism to produce mini cases for the Canadian Diabetes Association (CDA). He is a co-chair of the International Carbohydrate Quality Consortium (ICQC). He was invited by the International Diabetes Federation (IDF) to join the committee on diabetes treatment and to take the lead in writing the dietary guidelines for the treatment of diabetes. His wife, Alexandra L Jenkins, is a director and partner of INQUIS Clinical Research for the Food Industry, his two daughters, Wendy Jenkins and Amy Jenkins, have published a vegetarian book that promotes the use of the foods described here, The Portfolio Diet for Cardiovascular Disease Risk Reduction (Academic Press/Elsevier 2020 ISBN: 978-0-12-810510-8) and his sister, Caroline Brydson, received funding through a grant from the St. Michael’s Hospital Foundation to develop a cookbook for one of his studies. He is also a vegan. M.D.L. reports a relationship with Roche, Novartis, Takeda, Lilly, Pierre Fabre, AstraZeneca, MSD, Seagen, Gilead, Daiichi Sankyo, Tomalab, Genetic, Pfizer, Menarini, Sophos, Istituto Gentili, Sanofi, Ipsen, GSK, and Exact Science that includes consulting or advisory and travel reimbursement. L.S.A.A. is a founding member of the International Carbohydrate Quality Consortium (ICQC), has received honoraria from the Nutrition Foundation of Italy (NFI) and research grants from LILT (Lega Italiana per la Lotta contro i Tumori), a non-profit organization for the fight against cancer. The current study received in-kind research support from Abiogen Pharma, the Almond Board of California (USA), Barilla (Italy), Consorzio Mandorle di Avola (Italy), DietaDoc (Italy), Ello Frutta (Italy), Panificio Giacomo Luongo (Italy), Perrotta (Italy), Roberto Alimentare (Italy) and SunRice (Australia); however, these companies played no active role on either the project protocol nor on study results or interpretation. The remaining authors declare no conflicts of interest.




Abbreviations


The following abbreviations are used in this manuscript:





	AIFA
	Italian Drug Agency



	BCSs
	Breast Cancer Survivors



	BDA
	Banca Dati di composizione degli Alimenti per studi epidemiologici in Italia



	BMI
	Body Mass Index



	CI
	Confidence Interval



	CREA
	Consiglio per la Ricerca in Agricoltura e l’Analisi dell’Economia Agraria



	CVD
	Cardiovascular Disease



	DAG
	Directed Acyclic Graph



	EAS
	European Atherosclerosis Society



	EDTA
	Ethylene Diamine Tetra Acetic Acid



	ESC
	European Society of Cardiology



	FAO
	Food and Agriculture Organization



	GI
	Glycemic Index



	HbA1c
	Hemoglobin A1c



	HDL-C
	High Density Lipoprotein—Cholesterol



	hPDI
	Healthy Plant-based Dietary Index



	IQR
	Interquartile Range



	ISO
	International Organization for Standardization



	LDL-C
	Low Density Lipoprotein—Cholesterol



	MEDAS
	Mediterranean Diet Adherence Screener



	MUFA
	Mono-Unsaturated Fatty Acid



	NCEP
	National Cholesterol Education Program



	OR
	Odds Ratio



	PDI
	Plant-based Dietary Index



	PUFA
	Poly-Unsaturated Fatty Acid



	SFA
	Saturated Fatty Acid



	T2D
	Type 2 Diabetes



	uPDI
	Unhealthy Plant-based Dietary Index



	WHO
	World Health Organization







References


	



Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA A Cancer J. Clin. 2021, 71, 209–249. [Google Scholar] [CrossRef] [PubMed]

	



Siegel, R.L.; Giaquinto, A.N.; Jemal, A. Cancer statistics, 2024. CA A Cancer J. Clin. 2024, 74, 12–49. [Google Scholar] [CrossRef] [PubMed]

	



Ng, H.S.; Vitry, A.; Koczwara, B.; Roder, D.; McBride, M.L. Patterns of comorbidities in women with breast cancer: A Canadian population-based study. Cancer Causes Control 2019, 30, 931–941. [Google Scholar] [CrossRef]

	



Bradshaw, P.T.; Stevens, J.; Khankari, N.; Teitelbaum, S.L.; Neugut, A.I.; Gammon, M.D. Cardiovascular Disease Mortality Among Breast Cancer Survivors. Epidemiology 2016, 27, 6–13. [Google Scholar] [CrossRef] [PubMed]

	



Roth, G.A.; Mensah, G.A.; Johnson, C.O.; Addolorato, G.; Ammirati, E.; Baddour, L.M.; Barengo, N.C.; Beaton, A.Z.; Benjamin, E.J.; Benziger, C.P.; et al. Global Burden of Cardiovascular Diseases and Risk Factors, 1990-2019: Update From the GBD 2019 Study. J. Am. Coll. Cardiol. 2020, 76, 2982–3021. [Google Scholar] [CrossRef]

	



Kim, E.H.; Willett, W.C.; Fung, T.; Rosner, B.; Holmes, M.D. Diet quality indices and postmenopausal breast cancer survival. Nutr. Cancer 2011, 63, 381–388. [Google Scholar] [CrossRef]

	



George, S.M.; Ballard-Barbash, R.; Shikany, J.M.; Caan, B.J.; Freudenheim, J.L.; Kroenke, C.H.; Vitolins, M.Z.; Beresford, S.A.; Neuhouser, M.L. Better postdiagnosis diet quality is associated with reduced risk of death among postmenopausal women with invasive breast cancer in the women’s health initiative. Cancer Epidemiol. Biomark. Prev. 2014, 23, 575–583. [Google Scholar] [CrossRef]

	



Castro-Espin, C.; Bonet, C.; Crous-Bou, M.; Katzke, V.; Le Cornet, C.; Jannasch, F.; Schulze, M.B.; Olsen, A.; Tjonneland, A.; Dahm, C.C.; et al. Dietary patterns related to biological mechanisms and survival after breast cancer diagnosis: Results from a cohort study. Br. J. Cancer 2023, 128, 1301–1310. [Google Scholar] [CrossRef]

	



De Cicco, P.; Catani, M.V.; Gasperi, V.; Sibilano, M.; Quaglietta, M.; Savini, I. Nutrition and Breast Cancer: A Literature Review on Prevention, Treatment and Recurrence. Nutrients 2019, 11, 1514. [Google Scholar] [CrossRef]

	



Wiseman, M. The second World Cancer Research Fund/American Institute for Cancer Research expert report. Food, nutrition, physical activity, and the prevention of cancer: A global perspective. Proc. Nutr. Soc. 2008, 67, 253–256. [Google Scholar] [CrossRef]

	



Lichtenstein, A.H.; Appel, L.J.; Vadiveloo, M.; Hu, F.B.; Kris-Etherton, P.M.; Rebholz, C.M.; Sacks, F.M.; Thorndike, A.N.; Van Horn, L.; Wylie-Rosett, J. 2021 Dietary Guidance to Improve Cardiovascular Health: A Scientific Statement From the American Heart Association. Circulation 2021, 144, e472–e487. [Google Scholar] [CrossRef]

	



Satija, A.; Bhupathiraju, S.N.; Spiegelman, D.; Chiuve, S.E.; Manson, J.E.; Willett, W.; Rexrode, K.M.; Rimm, E.B.; Hu, F.B. Healthful and Unhealthful Plant-Based Diets and the Risk of Coronary Heart Disease in U.S. Adults. J. Am. Coll. Cardiol. 2017, 70, 411–422. [Google Scholar] [CrossRef]

	



Leitzmann, C. Vegetarian nutrition: Past, present, future. Am. J. Clin. Nutr. 2014, 100 (Suppl. S1), 496S–502S. [Google Scholar] [CrossRef]

	



Jarvis, S.E.; Nguyen, M.; Malik, V.S. Association between adherence to plant-based dietary patterns and obesity risk: A systematic review of prospective cohort studies. Appl. Physiol. Nutr. Metab. = Physiol. Appl. Nutr. Et Metab. 2022, 47, 1115–1133. [Google Scholar] [CrossRef] [PubMed]

	



Satija, A.; Bhupathiraju, S.N.; Rimm, E.B.; Spiegelman, D.; Chiuve, S.E.; Borgi, L.; Willett, W.C.; Manson, J.E.; Sun, Q.; Hu, F.B. Plant-Based Dietary Patterns and Incidence of Type 2 Diabetes in US Men and Women: Results from Three Prospective Cohort Studies. PLoS Med. 2016, 13, e1002039. [Google Scholar] [CrossRef] [PubMed]

	



Romanos-Nanclares, A.; Willett, W.C.; Rosner, B.A.; Collins, L.C.; Hu, F.B.; Toledo, E.; Eliassen, A.H. Healthful and Unhealthful Plant-Based Diets and Risk of Breast Cancer in U.S. Women: Results from the Nurses’ Health Studies. Cancer Epidemiol. Biomark. Prev. 2021, 30, 1921–1931. [Google Scholar] [CrossRef]

	



English, L.K.; Ard, J.D.; Bailey, R.L.; Bates, M.; Bazzano, L.A.; Boushey, C.J.; Brown, C.; Butera, G.; Callahan, E.H.; de Jesus, J.; et al. Evaluation of Dietary Patterns and All-Cause Mortality: A Systematic Review. JAMA Netw. Open 2021, 4, e2122277. [Google Scholar] [CrossRef]

	



Schwingshackl, L.; Schwedhelm, C.; Hoffmann, G.; Lampousi, A.M.; Knuppel, S.; Iqbal, K.; Bechthold, A.; Schlesinger, S.; Boeing, H. Food groups and risk of all-cause mortality: A systematic review and meta-analysis of prospective studies. Am. J. Clin. Nutr. 2017, 105, 1462–1473. [Google Scholar] [CrossRef] [PubMed]

	



Wang, D.D.; Li, Y.; Bhupathiraju, S.N.; Rosner, B.A.; Sun, Q.; Giovannucci, E.L.; Rimm, E.B.; Manson, J.E.; Willett, W.C.; Stampfer, M.J.; et al. Fruit and Vegetable Intake and Mortality: Results from 2 Prospective Cohort Studies of US Men and Women and a Meta-Analysis of 26 Cohort Studies. Circulation 2021, 143, 1642–1654. [Google Scholar] [CrossRef]

	



Yang, Q.; Zhang, Z.; Gregg, E.W.; Flanders, W.D.; Merritt, R.; Hu, F.B. Added sugar intake and cardiovascular diseases mortality among US adults. JAMA Intern. Med. 2014, 174, 516–524. [Google Scholar] [CrossRef]

	



Anyene, I.C.; Ergas, I.J.; Kwan, M.L.; Roh, J.M.; Ambrosone, C.B.; Kushi, L.H.; Cespedes Feliciano, E.M. Plant-Based Dietary Patterns and Breast Cancer Recurrence and Survival in the Pathways Study. Nutrients 2021, 13, 3374. [Google Scholar] [CrossRef]

	



Thompson, A.S.; Tresserra-Rimbau, A.; Karavasiloglou, N.; Jennings, A.; Cantwell, M.; Hill, C.; Perez-Cornago, A.; Bondonno, N.P.; Murphy, N.; Rohrmann, S.; et al. Association of Healthful Plant-based Diet Adherence with Risk of Mortality and Major Chronic Diseases Among Adults in the UK. JAMA Netw. Open 2023, 6, e234714. [Google Scholar] [CrossRef]

	



Tan, J.; Zhang, S.; Jiang, Y.; Li, J.; Yang, C. Plant-based diet and risk of all-cause mortality: A systematic review and meta-analysis. Front. Nutr. 2024, 11, 1481363. [Google Scholar] [CrossRef] [PubMed]

	



Wang, Y.B.; Page, A.J.; Gill, T.K.; Melaku, Y.A. The association between diet quality, plant-based diets, systemic inflammation, and mortality risk: Findings from NHANES. Eur. J. Nutr. 2023, 62, 2723–2737. [Google Scholar] [CrossRef] [PubMed]

	



Lotfi, M.; Nouri, M.; Turki Jalil, A.; Rezaianzadeh, A.; Babajafari, S.; Ghoddusi Johari, M.; Faghih, S. Plant-based diets could ameliorate the risk factors of cardiovascular diseases in adults with chronic diseases. Food Sci. Nutr. 2023, 11, 1297–1308. [Google Scholar] [CrossRef] [PubMed]

	



Ergas, I.J.; Cheng, R.K.; Roh, J.M.; Kresovich, J.K.; Iribarren, C.; Nguyen-Huynh, M.; Rana, J.S.; Rillamas-Sun, E.; Laurent, C.A.; Lee, V.S.; et al. Diet quality and cardiometabolic health in breast cancer survivors: The Pathways Study. Breast Cancer Res. Treat. 2025, 211, 139–150. [Google Scholar] [CrossRef]

	



Kwan, M.L.; Cheng, R.K.; Iribarren, C.; Neugebauer, R.; Rana, J.S.; Nguyen-Huynh, M.; Shi, Z.; Laurent, C.A.; Lee, V.S.; Roh, J.M.; et al. Risk of Cardiometabolic Risk Factors in Women with and Without a History of Breast Cancer: The Pathways Heart Study. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2022, 40, 1635–1646. [Google Scholar] [CrossRef]

	



Greenlee, H.; Iribarren, C.; Rana, J.S.; Cheng, R.; Nguyen-Huynh, M.; Rillamas-Sun, E.; Shi, Z.; Laurent, C.A.; Lee, V.S.; Roh, J.M.; et al. Risk of Cardiovascular Disease in Women with and Without Breast Cancer: The Pathways Heart Study. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2022, 40, 1647–1658. [Google Scholar] [CrossRef]

	



Augustin, L.S.; Libra, M.; Crispo, A.; Grimaldi, M.; De Laurentiis, M.; Rinaldo, M.; D’Aiuto, M.; Catalano, F.; Banna, G.; Ferrau, F.; et al. Low glycemic index diet, exercise and vitamin D to reduce breast cancer recurrence (DEDiCa): Design of a clinical trial. BMC Cancer 2017, 17, 69. [Google Scholar] [CrossRef]

	



Scazzina, F.; Dall’Asta, M.; Pellegrini, N.; Brighenti, F. Glycaemic index of some commercial gluten-free foods. Eur. J. Nutr. 2015, 54, 1021–1026. [Google Scholar] [CrossRef]

	



Atkinson, F.S.; Foster-Powell, K.; Brand-Miller, J.C. International tables of glycemic index and glycemic load values: 2008. Diabetes Care 2008, 31, 2281–2283. [Google Scholar] [CrossRef]

	



Atkinson, F.S.; Brand-Miller, J.C.; Foster-Powell, K.; Buyken, A.E.; Goletzke, J. International tables of glycemic index and glycemic load values 2021: A systematic review. Am. J. Clin. Nutr. 2021, 114, 1625–1632. [Google Scholar] [CrossRef]

	



Edwards, C.H.; Ryden, P.; Mandalari, G.; Butterworth, P.J.; Ellis, P.R. Structure-function studies of chickpea and durum wheat uncover mechanisms by which cell wall properties influence starch bioaccessibility. Nat. Food 2021, 2, 118–126. [Google Scholar] [CrossRef]

	



U.S. Food and Drug Administration (FDA). CFR-Code of Federal Regulations Title 21 (2023). Available online: https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-101/subpart-D/section-101.5 (accessed on 28 November 2025).

	



Augustin, L.S.A.; Kendall, C.W.C.; Jenkins, D.J.A.; Willett, W.C.; Astrup, A.; Barclay, A.W.; Bjorck, I.; Brand-Miller, J.C.; Brighenti, F.; Buyken, A.E.; et al. Glycemic index, glycemic load and glycemic response: An International Scientific Consensus Summit from the International Carbohydrate Quality Consortium (ICQC). Nutr. Metab. Cardiovasc. Dis. NMCD 2015, 25, 795–815. [Google Scholar] [CrossRef]

	



Jenkins, D.J.A.; Willett, W.C.; Yusuf, S.; Hu, F.B.; Glenn, A.J.; Liu, S.; Mente, A.; Miller, V.; Bangdiwala, S.I.; Gerstein, H.C.; et al. Association of glycaemic index and glycaemic load with type 2 diabetes, cardiovascular disease, cancer, and all-cause mortality: A meta-analysis of mega cohorts of more than 100 000 participants. Lancet Diabetes Endocrinol. 2024, 12, 107–118. [Google Scholar] [CrossRef]

	



Augustin, L.S.; Ellis, P.R.; Vanginkel, M.A.; Riccardi, G. Pasta: Is It an Unhealthy Refined Food? J. Nutr. 2025, 155, 378–380. [Google Scholar] [CrossRef] [PubMed]

	



Estruch, R.; Martinez-Gonzalez, M.A.; Corella, D.; Salas-Salvado, J.; Ruiz-Gutierrez, V.; Covas, M.I.; Fiol, M.; Gomez-Gracia, E.; Lopez-Sabater, M.C.; Vinyoles, E.; et al. Effects of a Mediterranean-style diet on cardiovascular risk factors: A randomized trial. Ann. Intern. Med. 2006, 145, 1–11. [Google Scholar] [CrossRef] [PubMed]

	



Schroder, H.; Fito, M.; Estruch, R.; Martinez-Gonzalez, M.A.; Corella, D.; Salas-Salvado, J.; Lamuela-Raventos, R.; Ros, E.; Salaverria, I.; Fiol, M.; et al. A short screener is valid for assessing Mediterranean diet adherence among older Spanish men and women. J. Nutr. 2011, 141, 1140–1145. [Google Scholar] [CrossRef] [PubMed]

	



Obesity: Preventing and Managing the Global Epidemic; Report of a WHO consultation; WHO Technical Report Series; World Health Organization: Geneva, Switzerland, 2000; 253p.

	



Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. Executive Summary of The Third Report of The National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, And Treatment of High Blood Cholesterol In Adults (Adult Treatment Panel III). Jama 2001, 285, 2486–2497. [Google Scholar] [CrossRef]

	



Mach, F.; Visseren, F.L.J.; Cater, N.B.; Salhi, N.; Soronen, J.; Ray, K.K.; Delgado, V.; Jukema, J.W.; Laufs, U.; Zamorano, J.L.; et al. Addressing residual risk beyond statin therapy: New targets in the management of dyslipidaemias-A report from the European Society of Cardiology Cardiovascular Round Table. J. Clin. Lipidol. 2024, 18, e685–e700. [Google Scholar] [CrossRef] [PubMed]

	



Mach, F.; Baigent, C.; Catapano, A.L.; Koskinas, K.C.; Casula, M.; Badimon, L.; Chapman, M.J.; De Backer, G.G.; Delgado, V.; Ference, B.A.; et al. 2019 ESC/EAS guidelines for the management of dyslipidaemias: Lipid modification to reduce cardiovascular risk. Atherosclerosis 2019, 290, 140–205. [Google Scholar] [CrossRef] [PubMed]

	



Alberti, K.G.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.C.; James, W.P.; Loria, C.M.; Smith, S.C., Jr.; et al. Harmonizing the metabolic syndrome: A joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 2009, 120, 1640–1645. [Google Scholar] [CrossRef]

	



CREA (Consiglio per la Ricerca in Agricoltura). Linee Guida per una Sana Alimentazione Versione 2018. 2018. Available online: https://www.crea.gov.it/web/alimenti-e-nutrizione/-/linee-guida-per-una-sana-alimentazione-2018 (accessed on 23 October 2025).

	



Fidanza, F. The Mediterranean Italian diet: Keys to contemporary thinking. Proc. Nutr. Soc. 1991, 50, 519–526. [Google Scholar] [CrossRef]

	



Bostany, G.; Chen, Y.; Francisco, L.; Dai, C.; Meng, Q.; Sparks, J.; Sessions, M.; Nabell, L.; Stringer-Reasor, E.; Khoury, K.; et al. Cardiac Dysfunction Among Breast Cancer Survivors: Role of Cardiotoxic Therapy and Cardiovascular Risk Factors. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2025, 43, 32–45. [Google Scholar] [CrossRef]

	



Chan, D.S.M.; Vieira, R.; Abar, L.; Aune, D.; Balducci, K.; Cariolou, M.; Greenwood, D.C.; Markozannes, G.; Nanu, N.; Becerra-Tomas, N.; et al. Postdiagnosis body fatness, weight change and breast cancer prognosis: Global Cancer Update Program (CUP global) systematic literature review and meta-analysis. Int. J. Cancer 2023, 152, 572–599. [Google Scholar] [CrossRef]

	



Newby, P.K.; Tucker, K.L.; Wolk, A. Risk of overweight and obesity among semivegetarian, lactovegetarian, and vegan women. Am. J. Clin. Nutr. 2005, 81, 1267–1274. [Google Scholar] [CrossRef]

	



Huang, R.Y.; Huang, C.C.; Hu, F.B.; Chavarro, J.E. Vegetarian Diets and Weight Reduction: A Meta-Analysis of Randomized Controlled Trials. J. Gen. Intern. Med. 2016, 31, 109–116. [Google Scholar] [CrossRef]

	



Barnard, N.D.; Levin, S.M.; Yokoyama, Y. A systematic review and meta-analysis of changes in body weight in clinical trials of vegetarian diets. J. Acad. Nutr. Diet. 2015, 115, 954–969. [Google Scholar] [CrossRef]

	



Vitale, M.; Masulli, M.; Calabrese, I.; Rivellese, A.A.; Bonora, E.; Signorini, S.; Perriello, G.; Squatrito, S.; Buzzetti, R.; Sartore, G.; et al. Impact of a Mediterranean Dietary Pattern and Its Components on Cardiovascular Risk Factors, Glucose Control, and Body Weight in People with Type 2 Diabetes: A Real-Life Study. Nutrients 2018, 10, 1067. [Google Scholar] [CrossRef] [PubMed]

	



Tosti, V.; Bertozzi, B.; Fontana, L. Health Benefits of the Mediterranean Diet: Metabolic and Molecular Mechanisms. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2018, 73, 318–326. [Google Scholar] [CrossRef]

	



Jenkins, D.J.; Jones, P.J.; Lamarche, B.; Kendall, C.W.; Faulkner, D.; Cermakova, L.; Gigleux, I.; Ramprasath, V.; de Souza, R.; Ireland, C.; et al. Effect of a dietary portfolio of cholesterol-lowering foods given at 2 levels of intensity of dietary advice on serum lipids in hyperlipidemia: A randomized controlled trial. Jama 2011, 306, 831–839. [Google Scholar] [CrossRef]

	



Crispo, A.; Augustin, L.S.A.; Luongo, A.; Calderaio, C.; Breda, J.; Coluccia, S.; Calabrese, A.; Marrazzo, V.; Giannatiempo, R.; Trasacco, P.; et al. Central obesity, body mass index, metabolic syndrome and mortality in Mediterranean breast cancer patients. Sci. Rep. 2023, 13, 21208. [Google Scholar] [CrossRef]

	



Zhou, M.; Zhao, Y.; He, M.; Su, D.; Han, D.; Huang, L.; Xu, P.; Zhang, R. Association Between Plant-Based Diets and Metabolic Syndrome in Zhejiang, China: A Cross-Sectional Study. Nutrients 2025, 17, 2159. [Google Scholar] [CrossRef]

	



Vasei, M.H.; Hosseinpour-Niazi, S.; Ainy, E.; Mirmiran, P. Effect of dietary approaches to stop hypertension (DASH) diet, high in animal or plant protein on cardiometabolic risk factors in obese metabolic syndrome patients: A randomized clinical trial. Prim. Care Diabetes 2022, 16, 634–639. [Google Scholar] [CrossRef]

	



Vitale, M.; Costabile, G.; Bergia, R.E.; Hjorth, T.; Campbell, W.W.; Landberg, R.; Riccardi, G.; Giacco, R. The effects of Mediterranean diets with low or high glycemic index on plasma glucose and insulin profiles are different in adult men and women: Data from MEDGI-Carb randomized clinical trial. Clin. Nutr. 2023, 42, 2022–2028. [Google Scholar] [CrossRef]

	



Ludwig, D.S. The glycemic index: Physiological mechanisms relating to obesity, diabetes, and cardiovascular disease. Jama 2002, 287, 2414–2423. [Google Scholar] [CrossRef] [PubMed]

	



Valtuena, S.; Pellegrini, N.; Ardigo, D.; Del Rio, D.; Numeroso, F.; Scazzina, F.; Monti, L.; Zavaroni, I.; Brighenti, F. Dietary glycemic index and liver steatosis. Am. J. Clin. Nutr. 2006, 84, 136–142. [Google Scholar] [CrossRef] [PubMed]

	



Sofi, F.; Cesari, F.; Abbate, R.; Gensini, G.F.; Casini, A. Adherence to Mediterranean diet and health status: Meta-analysis. Bmj 2008, 337, a1344. [Google Scholar] [CrossRef] [PubMed]

	



Di Maso, M.; Dal Maso, L.; Augustin, L.S.A.; Puppo, A.; Falcini, F.; Stocco, C.; Mattioli, V.; Serraino, D.; Polesel, J. Adherence to the Mediterranean Diet and Mortality after Breast Cancer. Nutrients 2020, 12, 3649. [Google Scholar] [CrossRef]

	



Estruch, R.; Ros, E.; Salas-Salvadó, J.; Covas, M.-I.; Corella, D.; Arós, F.; Gómez-Gracia, E.; Ruiz-Gutiérrez, V.; Fiol, M.; Lapetra, J.; et al. Primary Prevention of Cardiovascular Disease with a Mediterranean Diet Supplemented with Extra-Virgin Olive Oil or Nuts. N. Engl. J. Med. 2018, 378, e34. [Google Scholar] [CrossRef]

	



Gouveia, H.; Urquiza-Martinez, M.V.; Manhaes-de-Castro, R.; Costa-de-Santana, B.J.R.; Villarreal, J.P.; Mercado-Camargo, R.; Torner, L.; de Souza Aquino, J.; Toscano, A.E.; Guzman-Quevedo, O. Effects of the Treatment with Flavonoids on Metabolic Syndrome Components in Humans: A Systematic Review Focusing on Mechanisms of Action. Int. J. Mol. Sci. 2022, 23, 8344. [Google Scholar] [CrossRef]

	



Samtiya, M.; Aluko, R.E.; Dhewa, T.; Moreno-Rojas, J.M. Potential Health Benefits of Plant Food-Derived Bioactive Components: An Overview. Foods 2021, 10, 839. [Google Scholar] [CrossRef] [PubMed]

	



Chen, Z.; Schoufour, J.D.; Rivadeneira, F.; Lamballais, S.; Ikram, M.A.; Franco, O.H.; Voortman, T. Plant-based Diet and Adiposity Over Time in a Middle-aged and Elderly Population: The Rotterdam Study. Epidemiology 2019, 30, 303–310. [Google Scholar] [CrossRef]

	



Kwon, M.; Kim, B.H.; Min, S.Y.; Chae, S. Effects of Anticancer Therapy on Osteoporosis in Breast Cancer Patients: A Nationwide Study Using Data from the National Health Insurance Service-National Health Information Database. J. Clin. Med. 2025, 14, 732. [Google Scholar] [CrossRef] [PubMed]

	



Roberto, M.; Barchiesi, G.; Resuli, B.; Verrico, M.; Speranza, I.; Cristofani, L.; Pediconi, F.; Tomao, F.; Botticelli, A.; Santini, D. Sarcopenia in Breast Cancer Patients: A Systematic Review and Meta-Analysis. Cancers 2024, 16, 596. [Google Scholar] [CrossRef]

	



Arends, J. Malnutrition in cancer patients: Causes, consequences and treatment options. European journal of surgical oncology. J. Eur. Soc. Surg. Oncol. Br. Assoc. Surg. Oncol. 2024, 50, 107074. [Google Scholar] [CrossRef]

	



Berger, A.M.; Mooney, K.; Alvarez-Perez, A.; Breitbart, W.S.; Carpenter, K.M.; Cella, D.; Cleeland, C.; Dotan, E.; Eisenberger, M.A.; Escalante, C.P.; et al. Cancer-Related Fatigue, Version 2.2015. J. Natl. Compr. Cancer Netw. 2015, 13, 1012–1039. [Google Scholar] [CrossRef]

	



Grober, U.; Schmidt, J.; Kisters, K. Magnesium in Prevention and Therapy. Nutrients 2015, 7, 8199–8226. [Google Scholar] [CrossRef] [PubMed]

	



Lanham-New, S.A.; Lambert, H.; Frassetto, L. Potassium. Adv. Nutr. 2012, 3, 820–821. [Google Scholar] [CrossRef]

	



Satija, A.; Malik, V.; Rimm, E.B.; Sacks, F.; Willett, W.; Hu, F.B. Changes in intake of plant-based diets and weight change: Results from 3 prospective cohort studies. Am. J. Clin. Nutr. 2019, 110, 574–582. [Google Scholar] [CrossRef] [PubMed]

	



Wan, Y.; Tobias, D.K.; Dennis, K.K.; Guasch-Ferre, M.; Sun, Q.; Rimm, E.B.; Hu, F.B.; Ludwig, D.S.; Devinsky, O.; Willett, W.C. Association between changes in carbohydrate intake and long term weight changes: Prospective cohort study. Bmj 2023, 382, e073939. [Google Scholar] [CrossRef] [PubMed]








[image: Nutrients 17 03782 g001] 





Figure 1. Odds ratios a (ORs) and corresponding 95% confidence intervals (CIs) for the associations between cardiometabolic targets and plant-based dietary index, healthy and unhealthy, among 492 breast cancer survivors enrolled in the DEDiCa trial. Abbreviations: BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein. a Estimated by means of logistic or multinomial regression models (when appropriate), including terms for study centre, age, years of education, physical activity, smoking status, energy intake, menopausal status, adjuvant chemotherapy and endocrine therapy. b Metabolic syndrome components were defined as (i) waist circumference ≥88 cm, (ii) systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg or pharmacologically treated for hypertension, (iii) glycaemia ≥ 100 mmol/L or pharmacologically treated for hyperglycemia, (iv) HDL-cholesterol < 50 mg/dL or pharmacologically treated for hypercholesterolemia, and (v) triglycerides ≥ 150 mmol/L. Metabolic syndrome diagnosis is present when 3–5 components are over the target. 
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Table 1. Distribution of baseline socio-demographic characteristics, lifestyles, menopausal status, cancer stage and treatment, and cardiometabolic targets according to plant-based dietary index (PDI), healthy and unhealthy (hPDI and uPDI, respectively) among 492 breast cancer survivors enrolled in DEDiCa trial.
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Variables

	
PDI

	
hPDI

	
uPDI




	
<52

(n = 226)

	
≥52

(n = 266)

	
<58

(n = 236)

	
≥58

(n = 256)

	
<53

(n = 213)

	
≥53

(n = 279)




	
n (%)

	
n (%)

	
n (%)

	
n (%)

	
n (%)

	
n (%)






	
Geographical area

	

	

	

	

	

	




	
Friuli Venezia Giulia

	
22 (9.7)

	
46 (17.3)

	
20 (8.5)

	
48 (18.8)

	
42 (19.7)

	
26 (9.3)




	
Campania

	
182 (80.5)

	
179 (67.3)

	
180 (76.3)

	
181 (70.7)

	
154 (72.3)

	
207 (74.2)




	
Sicily

	
22 (9.7)

	
41 (15.4)

	
36 (15.3)

	
27 (10.5)

	
17 (8.0)

	
46 (16.5)




	
p-value (χ2 test)

	
p < 0.01

	
p < 0.01

	
p < 0.01




	
Age (years)

	

	

	

	

	

	




	
<50

	
96 (42.5)

	
113 (42.5)

	
121 (51.3)

	
88 (34.4)

	
82 (38.5)

	
127 (45.5)




	
≥50

	
130 (57.5)

	
153 (57.5)

	
115 (48.7)

	
168 (65.6)

	
131 (61.5)

	
152 (54.5)




	
p-value (χ2 test)

	
p = 0.99

	
p < 0.01

	
p = 0.14




	
Education (years)

	

	

	

	

	

	




	
<9

	
85 (37.6)

	
69 (25.9)

	
83 (35.2)

	
71 (27.7)

	
49 (23.0)

	
105 (37.6)




	
9–13

	
77 (34.1)

	
100 (37.6)

	
82 (34.7)

	
95 (37.1)

	
78 (36.6)

	
99 (35.5)




	
≥14

	
64 (28.3)

	
97 (36.5)

	
71 (30.1)

	
90 (35.2)

	
86 (40.4)

	
75 (26.9)




	
p-value (χ2 test)

	
p = 0.02

	
p = 0.19

	
p < 0.01




	
Physical activity (steps/day) a

	

	

	

	

	

	




	
<5000

	
120 (53.1)

	
111 (41.7)

	
114 (48.3)

	
117 (45.7)

	
81 (38.0)

	
150 (53.8)




	
≥5000

	
102 (45.1)

	
154 (57.9)

	
118 (50.0)

	
138 (53.9)

	
131 (61.5)

	
125 (44.8)




	
p-value (χ2 test)

	
p < 0.01

	
p = 0.53

	
p < 0.01




	
Smoking status

	

	

	

	

	

	




	
Never smoker

	
95 (42.0)

	
136 (51.1)

	
102 (43.2)

	
129 (50.4)

	
110 (51.6)

	
121 (43.4)




	
Former smoker

	
71 (31.4)

	
89 (33.5)

	
79 (33.5)

	
81 (31.6)

	
69 (32.4)

	
91 (32.6)




	
Current smoker

	
60 (26.5)

	
41 (15.4)

	
55 (23.3)

	
46 (18.0)

	
34 (16.0)

	
67 (24.0)




	
p-value (χ2 test)

	
p < 0.01

	
p = 0.20

	
p = 0.06




	
Energy intake (kcal/day)

	

	

	

	

	

	




	
<1400

	
134 (59.3)

	
114 (42.9)

	
106 (44.9)

	
142 (55.5)

	
83 (39.0)

	
165 (59.1)




	
≥1400

	
92 (40.7)

	
152 (57.1)

	
130 (55.1)

	
114 (44.5)

	
130 (61.0)

	
114 (40.9)




	
p-value (χ2 test)

	
p < 0.01

	
p = 0.02

	
p < 0.01




	
Menopausal status

	

	

	

	

	

	




	
Pre/peri-menopause

	
21 (9.3)

	
27 (10.2)

	
23 (9.7)

	
25 (9.8)

	
22 (10.3)

	
26 (9.3)




	
Menopause

	
205 (90.7)

	
239 (89.8)

	
213 (90.3)

	
231 (90.2)

	
191 (89.7)

	
253 (90.7)




	
p-value (χ2 test)

	
p = 0.46

	
p = 0.99

	
p = 0.83




	
Breast cancer stages

	

	

	

	

	

	




	
I

	
74 (32.7)

	
66 (24.8)

	
62 (26.3)

	
78 (30.5)

	
60 (28.2)

	
80 (28.7)




	
II

	
124 (54.9)

	
161 (60.5)

	
145 (61.4)

	
140 (54.7)

	
128 (60.1)

	
157 (56.3)




	
III

	
28 (12.4)

	
39 (14.7)

	
29 (12.3)

	
38 (14.8)

	
25 (11.7)

	
42 (15.1)




	
p-value (χ2 test)

	
p = 0.15

	
p = 0.31

	
p = 0.52




	
Adjuvant chemotherapy

	

	

	

	

	

	




	
Never

	
76 (33.6)

	
99 (37.2)

	
79 (33.5)

	
96 (37.5)

	
80 (37.6)

	
95 (34.1)




	
Ended before the enrollment

	
109 (48.2)

	
121 (45.5)

	
116 (49.2)

	
114 (44.5)

	
98 (46.0)

	
132 (47.3)




	
Ongoing

	
41 (18.1)

	
46 (17.3)

	
41 (17.4)

	
46 (18.0)

	
35 (16.4)

	
52 (18.6)




	
p-value (χ2 test)

	
p = 0.71

	
p = 0.56

	
p = 0.67




	
Endocrine therapy b

	

	

	

	

	

	




	
Never

	
73 (32.3)

	
83 (31.2)

	
81 (34.3)

	
75 (29.3)

	
70 (32.9)

	
86 (30.8)




	
Ongoing

	
150 (66.4)

	
182 (68.4)

	
154 (65.3)

	
178 (69.5)

	
142 (66.7)

	
190 (68.1)




	
p-value (χ2 test)

	
p = 0.62

	
p = 0.30

	
p = 0.73




	
BMI (kg/m2) c

	

	

	

	

	

	




	
<25

	
71 (31.4)

	
118 (44.4)

	
74 (31.4)

	
115 (44.9)

	
97 (45.5)

	
92 (33.0)




	
25–<30

	
61 (27.0)

	
88 (33.1)

	
73 (30.9)

	
76 (29.7)

	
60 (28.2)

	
89 (31.9)




	
≥30

	
94 (41.6)

	
60 (22.6)

	
89 (37.7)

	
65 (25.4)

	
56 (26.3)

	
98 (35.1)




	
p-value (χ2 test)

	
p < 0.01

	
p < 0.01

	
p = 0.01




	
Waist circumference (cm)

	

	

	

	

	

	




	
<88

	
63 (27.9)

	
90 (33.8)

	
64 (27.1)

	
89 (34.8)

	
75 (35.2)

	
78 (28.0)




	
≥88

	
163 (72.1)

	
176 (66.2)

	
172 (72.9)

	
167 (65.2)

	
138 (64.8)

	
201 (72.0)




	
p-value (χ2 test)

	
p = 0.19

	
p = 0.08

	
p = 0.10




	
Systolic blood pressure (mmHg) a

	

	

	

	

	

	




	
<130

	
147 (65.0)

	
203 (76.3)

	
163 (69.1)

	
187 (73.0)

	
159 (74.6)

	
191 (68.5)




	
≥130

	
71 (31.4)

	
61 (22.9)

	
68 (28.8)

	
64 (25.0)

	
52 (24.4)

	
80 (28.7)




	
p-value (χ2 test)

	
p = 0.03

	
p = 0.39

	
p = 0.28




	
Diastolic blood pressure (mmHg) a

	

	

	

	

	

	




	
<85

	
153 (67.7)

	
207 (77.8)

	
163 (69.1)

	
197 (77.0)

	
165 (77.5)

	
195 (69.9)




	
≥85

	
65 (28.8)

	
57 (21.4)

	
68 (28.8)

	
54 (21.1)

	
46 (21.6)

	
76 (27.2)




	
p-value (χ2 test)

	
p = 0.05

	
p = 0.06

	
p = 0.14




	
Glycemia (mmol/L)

	

	

	

	

	

	




	
<100

	
173 (76.5)

	
218 (82.0)

	
192 (81.4)

	
199 (77.7)

	
167 (78.4)

	
224 (80.3)




	
≥100

	
53 (23.5)

	
48 (18.0)

	
44 (18.6)

	
57 (22.3)

	
46 (21.6)

	
55 (19.7)




	
p-value (χ2 test)

	
p = 0.17

	
p = 0.38

	
p = 0.69




	
Glycated hemoglobin (%)

	

	

	

	

	

	




	
<6

	
195 (86.3)

	
240 (90.2)

	
209 (88.6)

	
226 (88.3)

	
193 (90.6)

	
242 (86.7)




	
≥6

	
31 (13.7)

	
26 (9.8)

	
27 (11.4)

	
30 (11.7)

	
20 (9.4)

	
37 (13.3)




	
p-value (χ2 test)

	
p = 0.22

	
p = 0.99

	
p = 0.24




	
Total cholesterol (mg/dL)

	

	

	

	

	

	




	
<200

	
132 (58.4)

	
149 (56.0)

	
126 (53.4)

	
155 (60.5)

	
135 (63.4)

	
146 (52.3)




	
≥200

	
94 (41.6)

	
117 (44.0)

	
110 (46.6)

	
101 (39.5)

	
78 (36.6)

	
133 (47.7)




	
p-value (χ2 test)

	
p = 0.66

	
p = 0.13

	
p = 0.02




	
LDL-cholesterol (mg/dL) a

	

	

	

	

	

	




	
<116

	
100 (44.2)

	
107 (40.2)

	
97 (41.1)

	
110 (43.0)

	
100 (46.9)

	
107 (38.4)




	
≥116

	
125 (55.3)

	
159 (59.8)

	
138 (58.5)

	
146 (57.0)

	
113 (53.1)

	
171 (61.3)




	
p-value (χ2 test)

	
p = 0.39

	
p = 0.77

	
p = 0.07




	
HDL-cholesterol (mg/dL) a

	

	

	

	

	

	




	
<50

	
78 (34.5)

	
76 (28.6)

	
74 (31.4)

	
80 (31.2)

	
64 (30.0)

	
90 (32.3)




	
≥50

	
147 (65.0)

	
190 (71.4)

	
161 (68.2)

	
176 (68.8)

	
149 (70.0)

	
188 (67.4)




	
p-value (χ2 test)

	
p = 0.18

	
p = 0.99

	
p = 0.65




	
Triglycerides (mmol/L)

	

	

	

	

	

	




	
<150

	
180 (79.6)

	
237 (89.1)

	
199 (84.3)

	
218 (85.2)

	
184 (86.4)

	
233 (83.5)




	
≥150

	
46 (20.4)

	
29 (10.9)

	
37 (15.7)

	
38 (14.8)

	
29 (13.6)

	
46 (16.5)




	
p-value (χ2 test)

	
p < 0.01

	
p = 0.90

	
p = 0.45




	
Metabolic syndrome (components) b

	

	

	

	

	

	




	
0–1

	
77 (34.1)

	
124 (46.6)

	
91 (38.6)

	
110 (43.0)

	
95 (44.6)

	
106 (38.0)




	
2

	
63 (27.9)

	
72 (27.1)

	
66 (28.0)

	
69 (27.0)

	
51 (23.9)

	
84 (30.1)




	
3–5

	
86 (38.1)

	
70 (26.3)

	
79 (33.5)

	
77 (30.1)

	
67 (31.5)

	
89 (31.9)




	
p-value (χ2 test)

	
p < 0.01

	
p = 0.58

	
p = 0.23








Abbreviations: BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein. a The sum does not add up to the total because of missing values (n = 5 for physical activity; n = 10 for blood pressure; n = 1 for LDL- and n = 1 for HDL-cholesterol). b Metabolic syndrome components were defined as (i) waist circumference ≥ 88 cm, (ii) systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg or pharmacologically treated for hypertension, (iii) glycaemia ≥ 100 mmol/L or pharmacologically treated for hyperglycemia, (iv) HDL-cholesterol < 50 mg/dL or pharmacologically treated for hypercholesterolemia, and (v) triglycerides ≥ 150 mmol/L; c BMI < 25 included also three subjects with BMI < 18.5 kg/m2.













 





Table 2. Distribution of baseline food groups, plant-based dietary index (PDI), healthy and unhealthy (hPDI and uPDI, respectively) among 492 breast cancer survivors enrolled in DEDiCa trial.
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Food Groups

	
Median (Q1–Q2)






	
Healthy plant food group (g/day)

	

	




	
Wholegrains

(breakfast cereals, other cooked breakfast cereals, cooked oatmeal, dark bread, brown rice, other grains, bran, wheat germ, popcorn, pasta made with whole grains and with durum wheat semolina flour)

	
60.0

	
(41.4–82.9)




	
Fruit

	
150.0

	
(81.0–238.5)




	
Vegetables

	
163.6

	
(102.9–231.6)




	
Nuts

(nuts and peanut butter)

	
1.1

	
(0.0–6.0)




	
Legumes

(all legumes, including tofu and soybeans)

	
14.3

	
(4.3–28.6)




	
Vegetables oils

	
17.1

	
(12.1–22.9)




	
Tea and coffee

	
85.7

	
(47.3–148.6)




	
Less healthy plant food group (g/day)

	

	




	
Fruit juices

	
0.0

	
(0.0–17.9)




	
Sugar-sweetened beverages

(colas with caffeine and sugar, colas without caffeine but with sugar, other carbonated beverages with sugar, noncarbonated fruit drinks with sugar)

	
0.0

	
(0.0–0.0)




	
Refined grains

(breakfast cereals, white bread, English muffins or bagel or rolls, muffins or biscuits, white rice, pancakes or waffles, crackers)

	
60.7

	
(40.0–89.7)




	
Potatoes

	
14.3

	
(0.0–28.6)




	
Sweets/desserts

[chocolates, candy bars, candies without chocolate, cookies (home-made and commercial), brownies, cakes (home-made and commercial), sweet-rolls (home-made and commercial), pies (home-made and commercial), jams or jellies or preserves or syrup or honey]

	
47.3

	
(29.0–71.2)




	
Animal food group (g/day)

	

	




	
Animal fat

(butter added to food, butter or lard used for cooking)

	
0.0

	
(0.0–0.0)




	
Dairy

	
90.8

	
(32.9–180.0)




	
Eggs

	
8.6

	
(0.0–17.1)




	
Fish/seafood

	
41.4

	
(20.0–65.7)




	
Meat

	
59.7

	
(38.6–85.2)




	
Miscellaneous animal-based foods

(pizza, chowder or creamy soups, mayonnaise or other creamy salad dressings)

	
28.6

	
(0.0–50.0)




	
Plant-based dietary index, PDI (score)

	
52

	
(48–57)




	
Healthy plant-based dietary index, hPDI (score)

	
58

	
(53–62)




	
Unhealthy plant-based dietary index, uPDI (score)

	
53

	
(49–58)











 





Table 3. Odd ratios (ORs) and 95% confidence intervals (CIs) of having cardiometabolic targets outside healthy ranges according to higher vs. lower overall plant-based dietary index (PDI), healthy and unhealthy (hPDI and uPDI, respectively) in 492 breast cancer survivors enrolled in DEDiCa trial.
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Cardiometabolic Targets

	
PDI

	
hPDI

	
uPDI




	
OR (95% CI) a

	
OR (95% CI) a

	
OR (95% CI) a






	
BMI (median: 26.6 kg/m2; IQR: 23.6–31.2) c

	

	

	




	
<25

	
Ref

	
Ref

	
Ref




	
25–<30

	
1.04 (0.64–1.68)

	
0.63 (0.39–1.03)

	
1.31 (0.81–2.11)




	
≥30

	
0.47 (0.29–0.77)

	
0.37 (0.22–0.61)

	
1.38 (0.83–2.28)




	
Waist circumference (median: 94.8 cm; IQR: 86.0–105.0) c

	

	

	




	
<88

	
Ref

	
Ref

	
Ref




	
≥88

	
0.94 (0.61–1.45)

	
0.64 (0.42–1.00)

	
1.25 (0.81–1.93)




	
Systolic blood pressure (median: 120.0 mmHg; IQR: 110.0–71.0) c

	

	

	




	
<130

	
Ref

	
Ref

	
Ref




	
≥130

	
0.54 (0.29–1.02)

	
0.54 (0.28–1.02)

	
1.17 (0.62–2.21)




	
Diastolic blood pressure (median: 77.0 mmHg; IQR: 71.0–85.0) c

	

	

	




	
<85

	
Ref

	
Ref

	
Ref




	
≥85

	
0.62 (0.35–1.09)

	
0.65 (0.37–1.15)

	
0.91 (0.51–1.61)




	
Glycemia (median: 88.0 mmol/L; IQR: 81.0–96.8) c

	

	

	




	
<100

	
Ref

	
Ref

	
Ref




	
≥100

	
0.77 (0.47–1.26)

	
1.09 (0.67–1.80)

	
0.77 (0.46–1.28)




	
Glycated hemoglobin (median: 5.3%; IQR: 4.9–5.7) c

	

	

	




	
<6

	
Ref

	
Ref

	
Ref




	
≥6

	
0.88 (0.48–1.62)

	
1.03 (0.56–1.90)

	
0.97 (0.51–1.83)




	
Total cholesterol (median: 192.0 mg/dL; IQR: 171.0–220.0) c

	

	

	




	
<200

	
Ref

	
Ref

	
Ref




	
≥200

	
1.08 (0.71–1.64)

	
0.68 (0.45–1.03)

	
1.80 (1.16–2.78)




	
LDL-cholesterol (median: 121.0 mg/dL; IQR: 101.0–145.0) c

	

	

	




	
<116

	
Ref

	
Ref

	
Ref




	
≥116

	
1.34 (0.88–2.05)

	
0.80 (0.53–1.22)

	
1.46 (0.95–2.25)




	
HDL-cholesterol (median: 56.0 mg/dL: IQR: 47.0–66.0) c

	

	

	




	
<50

	
0.77 (0.49–1.21)

	
0.92 (0.59–1.45)

	
0.92 (0.58–1.47)




	
≥50

	
Ref

	
Ref

	
Ref




	
Triglycerides (median: 94.0 mmol/L; IQR: 70.0–126.0) c

	

	

	




	
<150

	
Ref

	
Ref

	
Ref




	
≥150

	
0.38 (0.20–0.71)

	
0.72 (0.39–1.32)

	
1.06 (0.56–2.00)




	
Metabolic syndrome (components) b

	

	

	




	
0–1

	
Ref

	
Ref

	
Ref




	
2

	
0.79 (0.49–1.28)

	
0.80 (0.50–1.31)

	
1.31 (0.80–2.14)




	
3–5

	
0.59 (0.35–0.97)

	
0.64 (0.38–1.07)

	
0.87 (0.52–1.45)








Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein. a Estimated by means of logistic or multinomial regression models (when appropriate), including terms for study centre, age, years of education, physical activity, smoking status, energy intake, menopausal status, adjuvant chemotherapy and endocrine therapy. b Metabolic syndrome components were defined as (i) waist circumference ≥ 88 cm, (ii) systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg or pharmacologically treated for hypertension, (iii) glycaemia ≥ 100 mmol/L or pharmacologically treated for hyperglycemia, (iv) HDL-cholesterol < 50 mg/dL or pharmacologically treated for hypercholesterolemia, and (v) triglycerides ≥ 150 mmol/L. c Values of median and interquartile ranges of cardiomeabolic risk factors were indicated in brackets.
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