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Context: Plant-based dietary patterns have been associated with a lower risk of 
several types of cancer. Yet, their specific association with breast cancer (BC) risk 
and survival remains unclear.
Objective: To evaluate the association of adherence to a plant-based diet index 
(PDI), unhealthful plant-based diet index (uPDI), and healthful plant-based diet index 
(hPDI) with BC risk and BC-specific mortality.
Data sources: The Web of Science, Scopus, and PubMed databases were searched 
from inception to August 2025.
Data extraction: Case-control and cohort studies evaluating the association 
among the PDI, hPDI, and uPDI with BC risk and BC mortality in cancer-free partici
pants at baseline and in BC survivors were reviewed. Details of the studies and main 
outcomes were extracted independently by 2 researchers.
Data analysis: Among 3020 records screened, 5 cohort and 4 case-control studies 
met the inclusion criteria. The PDI was not associated with BC risk in case-control 
(odds ratio [OR]¼ 0.72; 95% CI, 0.42-1.25) and cohort studies (hazard ratio [HR]¼
0.96; 95% CI, 0.90-1.03). Participants with higher adherence to the hPDI had a lower 
BC risk in case-control (OR¼ 0.61; 95% CI, 0.49-0.77) and cohort studies (HR¼ 0.91; 
95% CI, 0.86-0.97). Higher adherence to the uPDI was associated with increased BC 
risk in case-control (OR¼ 1.63; 95% CI, 1.20-1.22) and cohort studies (HR¼ 1.06; 
95% CI, 0.98-1.15).
Conclusions: Higher adherence to the hPDI was associated with reduced BC risk, 
whereas adherence to the uPDI was associated with increased BC risk. Studies are 
needed to evaluate the role of plant-based diets in BC prognosis and survival.
Systematic Review Registration: PROSPERO registration No. CRD420251115296
Key words: diet, plant-based, breast cancer, breast cancer survival, breast cancer mortality, unheal
thy plant-based diet, healthy plant-based diet. 

INTRODUCTION

Globally, cancer represents the second leading cause of 

death after cardiovascular diseases.1 In 2023, there were 

18.5 million incident cases of cancer and 10.4 million 

deaths, contributing to 271 million disability-adjusted 

life-years worldwide.1 Breast cancer (BC) accounts for 

11.6% of all cancer cases, representing the most fre

quently diagnosed malignancy and the leading cause of 

cancer-related death among women.2 This disease is 
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influenced by hormonal factors, such as age at menarche 

and menopause, and circulating estrogen levels, as well 

as by metabolic factors, including insulin growth factor 

1, obesity, and insulin resistance.3–8 Lifestyle, particularly 

diet, may modulate many of these determinants and 

therefore plays an important role in BC risk.9

Plant-based diets emphasize the consumption of foods 

derived from plants, such as vegetables, fruits, legumes, 

whole grains, nuts, and seeds, while limiting or excluding 

animal products.10 These diets range from fully vegan pat

terns, which exclude all animal foods, to predominantly 

plant-based patterns that include moderate amounts of ani

mal products.10 Contrary to animal foods, whole plant 

foods provide dietary fiber, folate, and phytochemicals, 

with recognized anticancer properties, and have a lower or 

negligible content in saturated fat, cholesterol, and cancer- 

promoting compounds, such as advanced glycation end 

products, aromatic polycyclic hydrocarbons, oncogenic 

viruses, and heme iron.11 Compared with animal food– 

containing diets, adherence to a plant-based diet has been 

associated with improvements in several established BC 

risk factors, including body fat mass, insulin resistance, and 

systemic inflammation.12–15 Moreover, cohort studies have 

observed that substituting animal protein sources with 

plant-based proteins, such as legumes and nuts, is associ

ated with a reduced risk of BC.16–19 In line with this evi

dence, current dietary guidelines for cancer prevention, 

including the European Code Against Cancer developed 

by the International Agency for Research on Cancer, rec

ommend following a diet based on vegetables, whole 

grains, legumes, and fruits; limiting the consumption of 

red meat, salty foods, and foods high in added sugars and 

fats; and avoiding processed meat.20

To assess the adherence and quality of plant-based 

diets, a plant-based diet index (PDI), healthful plant- 

based diet index (hPDI), and unhealthful plant-based 

diet index (uPDI) have been developed and are widely 

used in epidemiological research.21 The PDI captures 

overall adherence to plant-based eating, the hPDI 

emphasizes higher intake of whole and minimally proc

essed plant foods, and the uPDI reflects diets rich in 

refined grains, sugary beverages, and other less healthful 

plant foods. Distinguishing between hPDI and uPDI is 

relevant because not all plant-based diets confer the same 

health effects, and dietary quality may substantially influ

ence cancer risk. Notably, higher scores on the PDI and 

the hPDI have been associated with lower risk of several 

cancers, including lung, prostate, breast, and digestive 

cancers.22–25

Previous meta-analyses have reported that higher 

adherence to the PDI is associated with reduced overall 

cancer risk26 and mortality.27 However, these analyses did 

not specifically examine BC risk and survival. Addressing 

this gap is essential to provide a comprehensive assessment 

of the potential role of plant-based diets in BC prevention, 

particularly given that BC represents the largest global bur

den in terms of incident cases. Accordingly, in this system

atic review and meta-analysis, we examined the 

associations of adherence to plant-based dietary patterns, 

as assessed by the PDI, hPDI, and uPDI, with BC risk and 

mortality.

METHODS

This systematic review and meta-analysis were registered 

in the International Prospective Register of Systematic 

Reviews (identifier CRD420251115296) and carried out 

following the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses guidelines, as well as the 

Strengthening the Reporting of Observational Studies in 

Epidemiology checklist.28

Information Sources and Search Strategy

Three electronic databases (Web of Science, Scopus, and 

PubMed) were examined from inception to August 24, 

2025, by 2 independent researchers (M.C.F.-F.J. and P.M.- 

F.). These databases were chosen because they provide 

structured indexing and reliable filtering tools, ensuring a 

more comprehensive, accurate, and replicable search. 

Moreover, the reference lists of the included articles were 

also checked to ensure we did not miss potentially eligible 

studies. The search strategy was based on the following 

groups of search terms: (a) plant-based diet�, healthy 

plant-based diet�, unhealthy plant-based diet�, Plant Diet 

Index�, unhealthful Plant Diet Index�, healthful Plant Diet 

Index�, vegan diet�, vegetarian diet�; (b) breast cancer�, 

breast neoplasms�, breast cancer survival�, breast cancer 

mortality�. The specific search terms and the number of 

records found in each of the mentioned databases are 

detailed in Table S1.

Selection Criteria

Studies were eligible for inclusion in this meta-analysis 

if they met the following PICOS criteria: (1) population: 

cancer-free individuals and BC survivors (individuals 

who have received a BC cancer diagnosis) aged 

>18 years; (2) exposure: adherence to PDI, hPDI, and 

uPDI; (3) outcome: BC risk and BC-specific mortality; 

and (4) study design: cohort and case-control studies 

were included (Table 1). The exclusion criteria included 

the following: editorials, abstracts, grey literature (ie, 

theses, conference proceedings, preprints), cross- 

sectional analysis, systematic reviews and/or meta- 

analyses, narrative reviews, and experimental and 

qualitative studies. Only studies that assessed adherence 

using the PDI, the uPDI, and the hPDI were included. 
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Studies using other indices were excluded. No language 

restrictions were applied.

Rayyan software was used to remove duplicate 

records after the identification of eligible studies in each 

database. Titles and abstracts were independently 

screened by 2 researchers (M.C.F.-F.J. and P.M.-F.) to 

identify potentially relevant articles. Full texts of the stud

ies selected by both reviewers were then independently 

assessed for eligibility, with any disagreements resolved 

through discussion with a third researcher (M.L.-M.).

Data Extraction Process and Data Items

Data extraction was conducted independently by 2 

researchers (M.C.F.-F.J. and M.L.-M.) to ensure accu

racy and reliability. One researcher (M.C.F.-F.J.) per

formed the data extraction, and a second researcher (M. 

L.-M.) double-checked the extracted data. In cases of 

disagreement, the 2 investigators reached a consensus.

Data were extracted into a structured database using 

Excel (Microsoft, Redmond, WA). Extracted variables 

included design, year of publication, sample size, mean age, 

country, duration, plant-based diet adherence outcomes, 

type of effect size reported, and adjustment covariates. One 

author (M.C.F.-F.J.) performed the data extraction, and 

another (M.L.-M.) reviewed the adequacy of the variables. 

Studies excluded after full-text review, along with the rea

sons for their exclusion, are provided in Table S2.

Risk of Bias

The risk of bias was assessed by 1 researcher (M.C.F.-F. 

J.) and reviewed by a second (M.L.-M.) to ensure accu

racy, using the Risk of Bias in Nonrandomized Studies 

of Exposure (ROBINS-E) tool, which encompasses the 

following 7 domains: bias due to confounding, depar

ture from intended exposures, missing data, bias in the 

selection of participants, classification of exposures, 

measurement of outcomes, and the selection of reported 

results.29 Studies were classified as low risk, moderate 

risk, serious risk, and critical risk of bias under each 

domain. The detailed results of the risk-of-bias evalua

tion are presented in Table S3.

Statistical Analysis

All analyses were performed using R software (version 

4.3.0; R Core Team, Vienna, Austria) and RStudio (version 

2023.03.1; Posit, Boston, MA). Effect sizes were expressed 

as odds ratios (ORs) with 95% CIs for case-control studies 

and as hazard ratios (HRs) with 95% CIs for cohort studies. 

For case-control studies, we used the effect estimates as 

reported by the original authors. For longitudinal studies, 

data from the latest available follow-up were prioritized. 

Whenever studies provided both adjusted and unadjusted 

results, we extracted the adjusted estimates to maximize 

comparability across studies. When available, we used the 

effect estimates reported by the authors derived from com

parisons between extreme quintiles of the exposure. If such 

estimates were not provided, we used those corresponding 

to a 10-point increase in the index.

Pooled analyses were conducted separately for ORs 

and HRs using random- and fixed-effects inverse-var

iance models, with between-study variance estimated by 

the restricted maximum likelihood method. Between- 

study heterogeneity was assessed using the Cochran’s Q 

test, with statistical significance determined by a P value 

of <.05, and quantified with the inconsistency statistic 

(I2). Thresholds for I2 values were interpreted as follows: 

0%-40% (might not be important), 30%-60% (moderate 

heterogeneity), 50%-90% (substantial heterogeneity), 

and 75%-100% (considerable heterogeneity). P < .05 

was considered statistically significant.

RESULTS

Study Selection

A total of 6411 records were identified through the initial 

search (Figure 1). After removing duplicates, 3020 

Table 1. PICOS Criteria for Inclusion and Exclusion of Studies
Parameter Inclusion criterion Exclusion criterion

Population Cancer-free individuals aged ≥18 y 
BC survivors aged ≥18 

Individuals aged < 18 y

Intervention/ 
exposure

PDI, hPDI, uPDI Studies using other indices (eg, glycemic index, dietary 
inflammatory index)

Comparison Studies that compared different levels of 
adherence to the PDI, hPDI, and uPDI

Studies that did not compare different levels of adherence 
to the PDI, hPDI, and uPDI

Outcome BC risk 
BC-specific mortality 

Health outcomes other than BC incidence and BC 
mortality

Study design Case-control 
Cohort 

Editorials, abstracts, congress communications, theses, 
preprints, cross-sectional analysis, systematic reviews 
and/or meta-analyses, narrative reviews, and  
experimental and qualitative studies

Abbreviations: BC, breast cancer; PDI, plant-based diet index; hPDI, healthy plant-based diet index; uPDI, unhealthy plant-based diet index.
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records remained and were screened by title and abstract. 

Twelve full-text articles were subsequently assessed for 

eligibility, of which 9 were included in the systematic 

review and meta-analysis. The reasons for excluding 

articles at the full-text stage are presented in Table S2.

Study Characteristics

The characteristics of the 9 studies included are summar

ized in Table 2. Four studies were conducted in Iran,30–33 2 

in the United States,25,34 1 in France,35 1 in the United 

Kingdom,36 and 1 included data from a variety of 

European countries participating in the European 

Prospective Investigation into Cancer and Nutrition.37 Five 

articles reported on cohort studies,25,34–37 and 4 reported 

on case-control studies.30–33 Eight studies evaluated BC 

risk,25,30–33,35–37 and 1 study evaluated BC recurrence and 

mortality.34 Because only 1 study evaluated mortality, the 

meta-analysis was restricted to BC risk. The study evaluat

ing BC recurrence was considered in the meta-analysis 

because it addresses BC risk among BC survivors.34

Participants in the included studies were women; none 

evaluated BC in men.

A total of 7 studies applied the PDI, the uPDI, and 

the hPDI,25,30–34,37 and 2 studies evaluated only the 

uPDI and the hPDI.35,36 Multivariate analysis for the 

adjustment of potential confounders was conducted in 

all the studies. Established BC risk factors, such as phys

ical activity, body mass index, and hormonal therapy 

use, were uniformly adjusted in the included studies.

Plant-Based Diets and BC Survival

Anyene et al34 evaluated BC recurrence and BC-specific 

mortality among BC survivors. Higher adherence to the 

hPDI, the overall PDI, and the uPDI was not signifi

cantly associated with either outcome.

Plant-Based Diets and BC Risk

Higher adherence to the PDI was not significantly asso

ciated with BC risk (for case-control studies, OR¼ 0.72 

[95% CI, 0.42-1.25]30–33; for cohort studies, HR¼ 0.96 

6411 records identified from PubMed, 
Web of Science, and Scopus

3391 duplicates removed

3020 potential elegible reports

3008 studies excluded based on title or abstract

 12 potential elegible reports

3 full-text studies excluded: 

● Secondary analysis of cohort 
study = 1

● Outcomes other than BC risk 
and mortality = 1

● Use of dietary index different 
from PDI, uPDI, hPDI = 1

9 studies included in the meta-analysis
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses Flow Diagram 

Abbreviations: BC, breast cancer; hPDI, healthful plant-based diet index; PDI, plant-based diet index; uPDI, unhealthful 
plant-based diet index.
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[95% CI, 0.90-1.03])35–37 (Figures  2 and 3). The hetero

geneity was high for both study types (for case-control 

studies, I2¼ 82.4%, P¼ .001; for cohort studies, 

I2¼ 76.5%, P¼ .005).

Considering the uPDI, a significant positive associ

ation with BC risk was observed (for case-control stud

ies, OR¼ 1.63 [95% CI, 1.20-2.22]30–33; for cohort 

studies, HR¼ 1.0 [95% CI, 0.98-1.15])35–37 (Figures  4 

and 5). Heterogeneity was modest (for case-control 

studies, I2 ¼ 30.4%, P¼ .23; for cohort studies, I2 ¼

62.5%, P¼ .03). In the case of the hPDI, a significant 

inverse association with BC risk was observed (for case- 

control studies, OR¼ 0.61 [95% CI, 0.49-0.77]30–33; for 

cohort studies, HR¼ 0.91 [95% CI, 0.86-0.97])35–37

(Figures S1 and S2). Inconsistency was low in case- 

control studies (I2 ¼ 0.0%, P¼ .51),30–33 and moderate 

in cohort studies35–37 (I2 ¼ 48.6%; P¼ .10).

Risk of Bias in Studies

The risk of bias was assessed by applying the ROBINS-E 

tool to the 9 included studies. Among these studies, 5 

were classified as having a low risk of bias, and 4 were 

identified as having a moderate risk of bias (Table S3).

DISCUSSION

This study represents the first comprehensive meta- 

analysis examining the association between plant-based 

diets, assessed via the PDI, the uPDI, and the hPDI, and 

BC outcomes. We found that overall adherence to a 

plant-based diet was not associated with BC risk. 

However, when diet quality was considered, higher 

adherence to a healthful plant-based diet, characterized 

by greater intake of fruits, vegetables, whole grains, 

nuts, and legumes, was associated with a reduced risk of 

BC. Conversely, higher adherence to an unhealthful 

plant-based diet, characterized by greater intake of 

sugar-sweetened beverages, potato products, sweets/des

serts, and refined grains, was associated with an 

increased BC risk. These results underscore the poten

tial role of a healthful plant-based diet in BC prevention, 

aligning with previous evidence suggesting that plant- 

based dietary patterns are associated with lower overall 

cancer risk.

A previous systematic review evaluated the associa

tion between plant-based diets and BC recurrence and 

mortality and found an inverse association.38 However, 

that study differed from ours in that it also considered 

other diets, such as the low-fat and prudent dietary pat

terns, did not assess the relation with primary BC risk, 

Reference (year)

Common effect model
Random effects model
Heterogeneity: I2 = 30.4%, P = .230

Payandeh et al. (2021)
Rigi et al. (2021)
Sasanfar et al. (2021)
Souni et al. (2025)

Measure

Highest vs lowest quintile
Highest vs lowest quintile
Highest vs lowest quintile
Highest vs lowest quintile

0.5 1 2

uPDI OR

1.63
1.63

1.80
2.23
1.24
1.43

95% CI

(1.29-2.07)
(1.20-2.22)

(0.95-3.42)
(1.48-3.36)
(0.83-1.85)
(0.79-2.58)

Weight (FE)

100.0%
.

13.9%
34.0%
35.6%
16.4%

Weight (RE)

.
100.0%

17.3%
31.1%
31.9%
19.6%

Figure 2. Meta-Analysis: Adherence to a Plant Diet Index and Breast Cancer Risk in Case-Control Studies. 

Abbreviations: FE, fixed-effects; RE, random effects; HR, hazard ratio; OR, odds ratio; uPDI, unhealthful plant-based diet 
index.

Reference (year)

Common effect model
Random effects model
Heterogeneity: I2 = 62.5%, P = .031

Anyene et al. (2021)
Romanos−Nanclares et al. (2021)
Shah et al. (2025)
Shah et al. (2023)
Thompson et al. (2023)

Measure

10-point increase
Highest vs lowest quintile
Highest vs lowest quintile
Highest vs lowest quintile
Highest vs lowest quintile

0.8 1 1.25

uPDI HR

1.05
1.06

0.96
1.04
1.01
1.20
1.16

95% CI

(1.01-1.09)
(0.98-1.15)

(0.84-1.09)
(0.98-1.11)
(0.94-1.08)
(1.08-1.33)
(0.97-1.38)

Weight (FE)

100.0%
.

9.2%
39.3%
32.2%
14.3%
5.0%

Weight (RE)

.
100.0%

16.5%
26.3%
25.3%
20.0%
11.8%

Figure 3. Meta-Analysis: Adherence to a Plant Diet Index and Breast Cancer Risk in Cohort Studies. 

Abbreviations: FE, fixed-effects; RE, random effects; HR, hazard ratio; OR, odds ratio; uPDI, unhealthful plant-based diet.
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and did not perform a meta-analysis.38 Meta-analyses 

have explored the association between BC risk and cer

tain food groups and dietary patterns, such as the ani

mal food pattern, the Western pattern, and the Healthy 

Eating Index, but none of them, to our knowledge, has 

yet evaluated the relation between the PDI, the hPDI, 

the uPDI, and BC risk.39

Several cohort studies have shown that greater 

adherence to a pro-inflammatory diet, measured by the 

dietary inflammatory index, is associated with higher 

BC risk and BC-specific mortality.40,41 These findings 

align with our meta-analysis, because dietary com

pounds present in healthful plant foods, particularly 

dietary fiber and phytochemicals, are scored as anti- 

inflammatory in the dietary inflammatory index, whereas 

compounds typically found in animal foods and 

unhealthful plant foods, such as saturated fat, dietary 

cholesterol, and refined carbohydrates, score as pro- 

inflammatory.42 In this line, adherence to the 

Mediterranean diet has been associated with a reduced 

risk of BC in various cohort studies, particularly among 

postmenopausal women.43 Considering the 14-item 

Mediterranean Diet Adherence Screener, greater adher

ence to a Mediterranean diet implies increased consump

tion of vegetables, whole grains, legumes, and nuts, and 

lower intake of red meats, butter, and other saturated fat- 

rich sources, sugar-sweetened beverages, and refined 

grains. Furthermore, cohort studies using substitution 

analysis have found that the replacement of animal 

sources of protein, such as red meat and cow’s milk, 

with plant sources of protein, such as legumes and 

nuts, is associated with decreased risk of BC.16,18,19

These observations support the notion that the health 

benefits of the Mediterranean diet are largely mediated 

by its plant-based components, which is consistent 

with the results of our meta-analysis.

Several mechanisms may explain the protective 

effects of plant-based diets on BC risk. Compared with 

diets containing animal foods, entirely plant-based diets 

emphasizing whole plant foods have been shown to 

reduce levels of visceral, hepatocellular, and intramyocel

lular lipids, total body fat, and insulin resistance12–14—all 

recognized BC risk factors.6,7 In patients with BC, the 

adoption of a whole-foods plant-based diet has been 

associated with lower testosterone and higher sex- 

hormone-binding globulin concentrations, indicative of 

enhanced insulin sensitivity, as well as reduced levels of 

tumor markers.15 Additionally, increasing the intake of 

fiber-rich plant foods, specifically whole grains and 

legumes, lowers circulating estrogen levels by promoting 

fecal excretion, which may contribute to BC preven

tion.44 Specifically, soluble (ie, β-glucans, xylogalactur

onans) and nonsoluble (ie, arabinoxylans) fibers in whole 

grains and legumes modulate bacterial β-glucuronidase 

activity within the gut and increase fecal mass, thus 

favoring estrogen elimination through feces.11

Reference (year)

Common effect model
Random effects model
Heterogeneity: I2 = 48.6%, P = .100

Anyene et al. (2021)
Romanos−Nanclares et al. (2021)
Shah et al. (2025)
Shah et al. (2023)
Thompson et al. (2023)

Measure

10-point increase
Highest vs lowest quintile
Highest vs lowest quintile
Highest vs lowest quintile
Highest vs lowest quintile

0.8 1 1.25

hPDI HR

0.90
0.91

1.05
0.89
0.88
0.86
0.99

95% CI

(0.87-0.94)
(0.86-0.97)

(0.92-1.19)
(0.84-0.95)
(0.82-0.95)
(0.77-0.96)
(0.83-1.19)

Weight (FE)

100.0%
.

9.7%
41.3%
29.6%
14.5%
4.9%

Weight (RE)

.
100.0%

15.2%
29.6%
26.5%
19.3%

9.4%

Figure 5. Meta-Analysis: Adherence to an Unhealthful Plant Diet Index and Breast Cancer Risk in Cohort Studies 

Abbreviations: FE, fixed-effects; RE, random effects; HR, hazard ratio; OR, odds ratio; hPDI, healthful plant-based diet.

Reference (year)

Common effect model
Random effects model
Heterogeneity: I2 = 0.0%, P = .507

Payandeh et al. (2021)
Rigi et al. (2021)
Sasanfar et al. (2021)
Souni et al. (2025)

Measure

Highest vs lowest quintile
Highest vs lowest quintile
Highest vs lowest quintile
Highest vs lowest quintile

0.5 1 2

hPDI OR

0.61
0.61

0.89
0.64
0.55
0.49

95% CI

(0.49-0.77)
(0.49-0.77)

(0.49-1.62)
(0.43-0.95)
(0.37-0.82)
(0.27-0.89)

Weight (FE)

100.0%
.

15.1%
35.3%
34.1%
15.5%

Weight (RE)

.
100.0%

15.1%
35.3%
34.1%
15.5%

Figure 4. Meta-Analysis: Adherence to an Unhealthful Plant Diet Index and Breast Cancer Risk in Case-Control Studies 

Abbreviations: FE, fixed-effects; RE, random effects; HR, hazard ratio; OR, odds ratio; hPDI, healthful plant-based diet.
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The benefits of higher adherence to a healthful 

plant-based diet may be further supported by the con

comitant reduction in animal-food intake. Diets high in 

animal foods and saturated fat increase levels of inflam

matory endotoxins, ectopic fat, and insulin resist

ance.45,46 Furthermore, dairy and overall animal 

protein intakes are associated with increased height, 

earlier age at menarche,47–50 and higher levels of circu

lating insulin growth factor 150,51 and free estradiol,52

all of which are consistently linked to higher BC 

risk.3,4,8,53 In addition, animal foods promote endoge

nous acid generation, due to their higher protein content 

(particularly sulfur-chain amino acids), phosphorus, and 

their lower content in potassium and magnesium.54

Cohort studies suggest that increased scores in potential 

renal acid load and net endogenous acid production, 

meaning an acidogenic diet, are associated with an aug

mented risk of BC.55 Furthermore, animal foods contrib

ute positively to the Empirical Dietary Index for 

Hyperinsulinemia, which is associated with increased BC 

risk and worse BC survival.56,57

In our study, greater adherence to the PDI was not 

associated with BC risk, and, in the case of the uPDI, it 

was even associated with a higher risk, highlighting that 

the quality of the plant foods included is also crucial for 

BC prevention. This is consistent with previous cohort 

studies showing that increased total sugar and added 

sugar intakes are associated with increased BC risk.58

Furthermore, unhealthful plant foods commonly con

tain additives, such as mono- and diglycerides of fatty 

acids, which have been positively associated with BC 

risk.59 It is also worth mentioning the case of sweets 

and desserts, including chocolates, cookies, brownies, 

doughnuts, cake, sweet rolls, and pie, which are classi

fied as unhealthful plant foods, even though they are 

not strictly plant-based, because they frequently contain 

animal-origin ingredients such as eggs, butter, cream, 

and milk.21 Therefore, the unfavorable associations 

observed for some unhealthful plant foods may be 

mediated, at least in part, by the presence of animal- 

derived ingredients, despite their classification within 

the uPDI as plant-based items.

Strengths and Limitations

To our knowledge, this is the first meta-analysis specifi

cally assessing the association between PDI, hPDI, and 

uPDI and BC risk. Dietary indexes evaluated in pre

vious meta-analyses, such as the Mediterranean Diet 

Adherence Screener and Healthy Eating Index, do not 

classify animal and plant foods in distinct groups, 

making it difficult to determine their differential 

effects on BC. The present work addresses such a limi

tation, because only studies that used a PDI, hPDI, or 

uPDI were included. Additional strengths include that 

all included studies conducted multivariable adjust

ment for potential confounders and that a systematic 

risk of bias assessment was performed using the 

ROBINS-E tool.

However, several limitations should be considered. 

First, dietary exposures in the included studies were 

assessed through food frequency questionnaires, which 

may introduce recall bias, response bias, social desirabil

ity bias, and misclassification.60 Considering that the 

dietary information obtained through food frequency 

questionnaires may not accurately reflect what partici

pants are actually consuming, it would be valuable for 

future observational studies also to incorporate objective 

measures (eg, urine, blood, or stool biomarkers). Second, 

although all studies performed multivariable adjustment 

for potential confounders, their observational nature 

means residual or unmeasured confounding cannot be 

excluded. Third, high heterogeneity across studies was 

found when considering the PDI, although it became low 

and modest when assessing the hPDI and uPDI. Fourth, 

the included studies used different comparison 

approaches (eg, per unit increase, first vs fifth quintile), 

and categories such as quintiles or tertiles varied across 

studies, meaning the lowest quintile in 1 study may not 

be comparable to the lowest quintile in another. 

Therefore, researchers are encouraged to report results 

using both categorical (eg, quintiles or tertiles) and con

tinuous (per unit increase) exposures. Fifth, only studies 

conducted in Europe, Iran, and the United States were 

found, which limits the generalizability of our results to 

other world regions, such as Africa and Latin America. 

Finally, it was not possible to conduct a meta-analysis for 

BC-specific mortality, because only 1 study assessed this 

outcome.

CONCLUSIONS

Our findings suggest that adherence to a healthful 

plant-based diet is associated with a lower risk of BC, 

whereas an unhealthful plant-based diet is associated 

with an increased risk. Given the limited feasibility of 

randomized clinical trials directly testing the effects of 

plant-based diets on BC risk, the present systematic 

review and meta-analysis of observational studies pro

vide important supporting evidence on the potential 

beneficial effects of this dietary pattern, particularly 

those emphasizing healthful plant foods, against BC 

development. Based on the current evidence, dietary 

guidelines for BC prevention should promote the sub

stitution of animal foods and unhealthful plant foods 

with healthful plant foods. Cohort and intervention 

studies are needed to assess the impact of plant-based 

diets on BC prognosis and survival.
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