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ABSTRACT  

Benign breast diseases (BBDs) are a group of heterogeneous, non-malignant breast conditions that 
affect many women around the world. It is associated with the risk of breast cancer. However, the 
evidence of the risk factors for BBDs is inconsistent. This review aimed to synthesize the existing 
evidence on the risk factors of overall BBD and its subtypes, including non-proliferative diseases, 
proliferative diseases (proliferative diseases without atypia and atypical hyperplasia). A 
comprehensive search was conducted in the Embase database for studies that evaluate the 
associations between various risk factors and BBDs. Twenty-one eligible articles were included. Due 
to the high heterogeneity of the included articles, this study adopted a narrative synthesis approach. 
The results showed that multiple dietary and lifestyle factors were associated with the risk of overall 
BBD, including alcohol consumption, tanning bed use, body mass index, height, family fat, vegetable 
protein, fiber, nuts, etc. For non-proliferative diseases, alcohol consumption was associated with an 
increased risk, while the intake of vitamin E and dietary fiber may have negative association. For 
proliferative BBD, vitamin E and fiber both showed a negative association, while alcohol 
consumption was associated with an increased risk. Caffeine intake may increase the risk of atypical 
hyperplasia. In summary, this review indicates that the risk factors may vary across subtypes of BBD, 
although the evidence for certain BBD subtypes remains limited. Therefore, BBD should not be 
treated as a single disease entity in future studies. Subtype-specific investigations are recommended 
to better clarify the etiology of BBDs. 

KEYWORDS 

Benign breast disease; Risk factors; Proliferative breast disease; Atypical hyperplasia; Lifestyle 
factors 

1. INTRODUCTION 

Benign breast diseases (BBDs) are common non-malignant lesions that primarily affect women of 
reproductive age [1]. In the United States, approximately one million women are diagnosed with this 
disease each year [2]; however, the true number is likely higher, as many cases are asymptomatic and 

therefore remain undiagnosed [3]. Although BBDs are not cancerous, their high prevalence can 
impose serious psychological distress and negatively affect quality of life [4]. Most importantly, 

certain subtypes of BBDs are associated with an increased risk of subsequent breast cancer, 

underscoring their public health implications [5].  

According to the Dupont and Page classification system [6]. BBDs can be divided into non-

proliferative diseases, proliferative diseases without atypia, and atypical hyperplasia. Non-
proliferative diseases are simple lesions; the cells of breast tissue do not show abnormal growth. The 

cells of breast tissue among proliferative diseases without atypia grow actively, but their structure 
still looks normal. However, the cells of atypical hyperplasia not only grow abnormally but also have 
abnormal structures and shapes. This classification reflects the progressive spectrum of epithelial 
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hyperplasia and dysplasia in BBDs [7]. The risk of breast cancer varies significantly across subtypes: 
women with proliferative diseases without atypia have approximately twice the risk of developing 
breast cancer compared to those with non-proliferative diseases, while atypical hyperplasia increases 

the risk by four times [8]. Moreover, compared with healthy women, people with non-proliferative 
BBD had an approximately 1.17 times higher risk of developing breast cancer. Among women with 

proliferative disease without atypia, the risk of breast cancer is significantly increased, approximately 

1.76 times [7]. Therefore, different mechanisms may underlie the subtypes of BBDs. 

Many studies have evaluated the risk factors of BBD, but there are inconsistencies among the research 

findings. For example, a study in Canada found that the use of oral contraceptives was associated 
with a reduced risk of BBD [9]. However, another study did not observe a significant association 

between them [10]. This likely stemmed from variations in research study design, exposure definition, 
sample population and covariate adjustment [11]. More importantly, most of these studies examined 
BBDs as a single entity without distinguishing among different subtypes [12]. However, the results 

of the same risk factor may vary among different subtypes of BBD. One study reported that there was 
no significant association between smoking and proliferative BBD [13], while other studies have 

found that there was a negative correlation between smoking and the overall risk of BBD [14]. The 
lack of synthesized stratified evidence limits our understanding of how various factors affect different 

BBD subtypes. 

Therefore, this review aimed to complement the current evidence by systematically integrating 
population-based studies to classify risk factors by BBD subtypes and assess the consistency of 

findings. The research question is what the risk factors are associated with the benign breast diseases 

and its different subtypes.  

2. METHODS 

I retrieved peer-reviewed research articles reporting the risk associations between BBD and potential 
factors, after applying the search strategy, from the Embase database via the Ovid platform. The titles 

and abstracts of the search results were screened, followed by full-text screening according to 
predefined inclusion and exclusion criteria to identify eligible studies. The screening was completed 

through the Covidence platform. 

2.1. Search Strategy 

The search strategy included the following keywords: (“benign breast disease*” or “benign breast 

tumour*” or “benign breast lesion*”) and (risk* or association* or relationship* or etiology).  

Inclusion and exclusion criteria 

Studies that met the following inclusion criteria were included: (1) The article was published between 

March 1984 to June 2022; (2) The article was published in English; (3) The research article was 
original and peer-reviewed. (4) To reduce population-related heterogeneity, this review was restricted 

to studies conducted among White women; (5) The study reported metrics for the association between 
BBD risk and factors using risk ratio (RR), odds ratio (OR), or hazard ratio (HR); (6) The study 

design was case-control, cohort, or cross-sectional. 

Articles were excluded if they: (1) only studied male participants or non-White populations; (2) did 
not report the relationships between any exposures and BBD; (3) did not report relevant  metrics; (4) 

were non-original research article (such as reviews); (5) were based on hospital or clinics rather than 

population; (6) were non-English publications or not available for full texts. 
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2.2. Data Extraction 

I generated a data extraction table to identify the key information included in the articles. The 
following information was extracted for each included study: author, year of publication, 

country/region, study design, study setting, follow-up time, outcome definition, sample size, follow-
up time, diagnostic method, classification of BBD, risk factors, effect estimates, standardization of 

effect estimates, and match and variable adjustment.  

2.3. Data Analysis 

A meta-analysis was not feasible in this study; instead, I summarized the findings through narrative 

synthesis by overall BBDs and the subtypes of BBDs; for the overall BBDs, all the 21 studies were 
taken into account. A p value less than 0.05 was considered nominally significant. All analyses and 

plot generation were conducted using R (Version 4.3.3). 

3. RESULTS 

3.1. Study Selection 

Initially, a total of 2,838 articles were identified, among which 22 duplicate articles were excluded. 
The remaining 2,816 articles entered the title and abstract screening. Subsequently, I conducted a full-

text screening on 183 articles, among which 162 were excluded for the following reasons: duplicate 
articles (n = 2), non-White participants (n = 2), non-English articles (n = 12), BBDs were treated as 
exposures instead of outcomes (n = 20), no full-text available (n = 22), inappropriate research design 

(such as case report) (n = 57), not original research articles (n = 4), not population-based research (n 
= 31), the outcome was not BBD (n = 12). Finally, 21 eligible studies were included in the subsequent 

analysis (Figure 1). 

 

Figure 1. Flow diagram for study selection 
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3.2. Study Characteristics 

Table 1 shows the characteristics of the 21 included articles. One study was conducted in Denmark, 
and the rest were in the United States. The research designs comprised 20 cohort studies and one 

case-control study, all of which were population-based. Among the 20 cohort studies, 11 studies used 
data from the Growing Up Today Study, and 8 from the Nurses' Health Study II. Among the included 

studies, 15 studies examined the risk factors for BBD regardless of subtypes, 2 studies focused on 
non-proliferative diseases, 7 studies investigated proliferative diseases, and 1 study analysed both 
proliferative diseases without atypia and atypical hyperplasia. The outcome, diagnosis of BBD, was 

primarily determined through biopsy or histopathological confirmation, while one study was self-
reported. The risk factors for BBDs mainly included reproductive factors, hormonal factors, family 

history of BBDs/breast cancer, dietary factors, lifestyle factors, and anthropometric factors; more 

details can be found in Table 1. 
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Table 1. Characteristics of the 21 included studies 

 

 

Footnote: BMI: body mass index, BBD: benign breast disease 
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3.3. Risk Factors for BBDs 

3.3.1. BBDs Regardless of the Subtypes 

(1) Reproductive factors 

Three studies evaluated the association between age at menarche and the risk of BBD[15, 16, 17]. 
They all found no significant association between age at menarche and the risk (p>0.05). One study 

assessed the BBD relationship with the number of children; no evidence for a statistically significant  

association was observed (p=0.55) [15]. Detailed results were shown in Appendix Figure S1. 

(2) Hormonal factors 

One study reported no evidence for an association between years of contraceptive use and the BBD 

risk (p≥0.05) [15]. Detailed results were presented in Appendix Figure S2. 

(3) Family history of BBD or breast cancer  

Two studies examined the risk of family history of breast cancer and BBD, respectively [17, 18]. One 
study reported that having a first-degree family history (breast cancer and BBD history of mother) 

was significantly associated with a higher risk of developing BBD (p<0.01) [18]. Specifically, the 
OR for BBD among women whose mothers had a history of BBD was 1.84 (95% CI: 1.31-2.58), and 

the OR for those whose mothers had a history of breast cancer was 2.20 (95% CI: 1.35-3.58). In 
contrast, another study found no significant association between BBD risk and first -degree family 
history (p>0.095) [17]. This study additionally examined the association of second-degree family 

history [17]. It shows that women whose aunts were diagnosed with breast cancer had a significantly 
increased risk of BBD (OR: 2.34, 95% CI:1.22-4.49, p=0.022), whereas having grandmothers with 

breast cancer was not associated with BBD risk (p>0.05). Detailed results were presented in Appendix 

Figure S3. 

(4) Lifestyle factors 

Alcohol intake 

Two studies assessed the association between alcohol consumption during the age of 18 to 22 years 
and the risk of BBD [19, 20]. They both reported that more alcohol consumption was associated with 

an increased risk of BBD regardless of subtypes (OR: 1.14-1.15, p< 0.03). Three studies evaluated 
the relationship with alcohol consumption in adolescents [17, 19, 21]. One study observed that 

adolescent alcohol intake had a significant association with the risk of BBD in adolescent (OR:1.75, 
95% CI: 1.20-2.56, p=0.004) [21], while the other two studies did not find it statistically significant  

(p>0.57) [17, 19]. Detailed results were presented in Appendix Figure S4. 

Sun exposure 

One study evaluated the relationship between sun exposure and the risk of BBD [22]. It shows that 

tanning bed use significantly increased the risk of BBD (OR: 1.69, 95 CI: 1.03-2.77, p<0.05), 
compared with not using tanning bed, but there was no significant association between other 
exposures (sunscreen, sunburns in the past year, skin color, UV index in state of residence) and the 

risk of BBD (p>0.10). Detailed results were presented in Appendix Figure S4. 

(5) Physical activity 

Only one study investigated the relationship between different levels of physical activity and the risk 
of BBD [23]. It reported that strenuous, moderate, and total activity decreased the risk and walking 
activity was not significantly related to the risk (p>0.06). Detailed results were presented in Appendix 

Figure S5. 
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(6) Anthropometric measures 

Five studies assessed the relationship between BMI in childhood and the risk of BBD in adults [16, 
17, 18, 24, 25]. Four studies reported that higher BMI in childhood significantly decreased the risk 

(OR: 0.44, 95% CI: 0.22-0.88; OR: 0.93, 95%CI: 0.87-0.99; OR: 0.91, 95%CI: 0.84-0.99; OR: 0.88 
(0.77-1.00), p<0.05) [16, 17, 24, 25]. One study pointed out that there was no association between 

the BMI and the risk of BBD (p=0.078) [18]. Three studies evaluated the relationship between adult 
BMI and BBD risk [16, 17, 26]. One study showed that higher adult BMI decreased the risk (OR: 
0.91, 95% CI: 0.82-1.00, p<0.05) [17]. The other two studies observed a non-significant relationship 

(p>0.05) [16, 26].  

Three studies assessed the association between peak height velocity and the risk of BBD [16, 18, 24]. 

Two studies showed that high peak height velocity was significantly associated with the increased  
risk (OR: 2.20-2.31, p<0.05) [18, 24]. One study reported a non-significant relationship (p=0.37) [16]. 
One study showed that higher adolescent waist circumference significantly decreased risk of BBD 

(p=0.02) [17]. Detailed results were presented in Appendix Figure S6. 

(7) Dietary factors 

Fat and protein 

One study evaluated the association between non-dairy animal fat and the risk of BBD and reported 
a positive association (OR: 2.27, 95% CI: 1.17-4.42, p= 0.04) [18]. Two studies assessed the 

relationship of animal fat with the risk [27, 28], with only one showing a statistically significant  
association (OR: 1.55, 95% CI: 1.52-2.09, p=0.03) [27]. Of the two studies that assessed the 

relationship of monounsaturated fat [27, 28], only one reported a statistically significant correlation 
with the risk of BBD (OR: 1.32, 95% CI: 1.01-1.72, p=0.04) [27]. Three studies evaluated the 
association between vegetable fats and the risk of BBD [27, 28, 29]. Only one study that reported the 

significant association (OR: 0.69, 95% CI: 0.52-0.92, p=0.02) [27]. One study found that a significant  
decreased risk of higher vegetable protein intake for BBD (OR: 0.64, 95% CI: 0.43-0.95, p=0.02) 

[29]. Detailed results were presented in Appendix Figure S7. 

Fiber 

Three studies evaluated the association between total fiber intake and the risk of BBD [21, 27, 30]. 

They all showed negative correlations (OR ranged from 0.57 to 0.75, p<0.05). One study reported the 
fiber from different sources had no significant association the risk of BBD regardless of subtype 

(p>0.16) [30]. Detailed results were presented in Appendix Figure S8. 

Nuts 

Three studies evaluated the association between peanut butter and nut intake and the risk of BBD [18, 

21, 31]. They all reported a negative association between peanut butter and nuts and the risk (OR 

ranged from 0.60-0.64, p<0.03). Detailed results were presented in Appendix Figure S8. 

Vegetable and fruits 

Two studies explored the relationship between fruit and vegetable intake and the risk of BBD, but no 
significant association was found (p>0.25) [27, 32]. Detailed results were presented in Appendix 

Figure S8. 

Vitamin 

Two studies evaluated the relationship between vitamin D and the risk of BBD, and both observed 

no correlation between them (p>0.42) [22, 33]. 

Two studies assessed the association of vitamin E with the risk [27, 28]. Only one study reported that 

an increase in vitamin E intake was associated with a reduced risk of BBD (OR: 0.76, 95% CI: 0.58-

1.00, p=0.02) [27]. Detailed results were presented in Appendix Figure S9. 
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Micronutrients 

Three studies evaluated the association between β-carotene and the risk of BBD [27, 28, 32]. One 
study shows a negative association between β-carotene intake and the risk of BBD (OR:0.58, 95% 

CI: 0.34-1.00, p=0.03) [32]. There were no associations were reported in the other two studies (p>0.18) 

[27, 28]. Detailed results were presented in Appendix Figure S9. 

(8) Maternal factors 

Three studies assessed the relationship between gestational weight gain and the risk of BBD 
regardless of subtypes [18, 24, 26]. One study reported that gestational weight gain was significantly 

associated with reduced risk (OR:0.53, 95% CI: 0.30-0.94, p=0.03) [24]. The other two studies 
reported no significant association (p>0.05) [18, 26]. One study assessed the relationship of maternal 

pre-pregnancy BMI and found no significant association (p>0.05) [26]. Detailed results were 

presented in Appendix Figure S10. 

3.3.2. Non-proliferative diseases 

(1) Lifestyle factor 

One study assessed the association between alcohol consumption and the risk of non-proliferative 

BBD [19]. It shows that more alcohol consumption at ages from 15 to 17 or 18 to 22 was significantly 
associated with increased risk of non-proliferative BBD (OR:1.89, 95% CI: 1.18-3.03p<0.05). 

Detailed results were presented in Appendix Figure S11. 

(2) Dietary factor 

One study evaluated the association between dietary factors (including energy, fat, fiber, vitamin, 

retinol, carotene, folate and caffeine) and the risk of non-proliferative BBD; no significant association 

was found (p>0.05) [34]. Detailed results were presented in Appendix Figure S12. 

3.3.3. Proliferative diseases with or without atypia 

(1) Overall 

Physical activity  

One study observed that there was no association between physical activity and the risk of 

proliferative BBD (p>0.05) [23]. Detailed results were presented in Appendix Figure S13. 

Lifestyle factors 

Two studies assessed the association of alcohol consumption [19, 20]. One of the studies reported 
that the alcohol consumption of women aged 18 to 22 increased the risk of proliferative BBD (OR: 
1.33, 95% CI: 1.05-1.69, p=0.007) [19]. However, another study did not observe a statistically 

significant association (p>0.05). Detailed results were presented in Appendix Figure S14. 

Dietary factor 

Two studies evaluated the association between fiber intake and the risk of proliferative BBD [27, 30]. 
They both reported a negative association (OR ranged from 0.71-0.75, p<0.03). Two studies assessed 
the relationship between fat intake and proliferative BBD [27, 28]. One study showed that women 

whose intake of animal fat was in the highest quartile during adolescence had a 55% higher risk of 
developing proliferative BBD than those in the lowest quartile group (p=0.03) [27]. Conversely, 

women with the highest quartile intake of vegetable fat had a 31% lower risk compared to the lowest 
group (p=0.02) [27]. In addition, higher intake of monounsaturated fats is associated with a 32% 
increased risk of proliferative diseases (p=0.04) [27]. Another study did not observe a significant 

association (p=0.55) [28]. Two studies evaluated the relationship between vitamin E and risk of 
proliferative BBD. One study observed that women in the highest intake quartile group of Vitamin E 

(including supplement) intake significantly decreased the risk of proliferative BBD (OR:0.76, 95% 

CI: 0.58-1.00, p=0.02) [27]. Detailed results were presented in Appendix Figure S15. 
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(2) Proliferative diseases without atypia 

One study presented that high vegetable fat intake was associated with a reduced risk of proliferative 
diseases without atypia (OR:0.79, 95% CI: 0.65-0.95, p=0.02) [34]. Detailed results were presented 

in Appendix Figure S16 and S17. 

(3) Atypical hyperplasia 

This study also observed that higher caffeine intake was associated with an increased risk of atypical 

hyperplasia (p=0.05) [34]. 

4. DISCUSSION 

I systematically reviewed the evidence for associations between BBD and various potential risk 
factors, including reproductive, hormonal, family history, lifestyle, physical activity, anthropometric 

measures, dietary and maternal risk factors. The findings indicated substantial variability in the 
strength and direction of associations across different risk factors and BBD subtypes. This variation 

highlights the complexity of BBD etiology and the need to consider subtype-specific mechanisms [8]. 

4.1. Overall BBDs 

Overall BBDs represent a composite of multiple subtypes, and the proportion of each subtype may 

vary across studies. Consequently, the identified risk factors for overall BBDs could differ depending 
on the relative distribution of subtypes within each study population. In addition, any inconsistencies 
in findings may be also attributed to differences in studies themselves, such as variations in study 

design, population characteristics, confounder control, etc. This review primarily focused on these 

study-specific factors when interpreting the evidence. 

Two studies reported inconsistent associations of the BBD or breast cancer history of mother [17, 18]. 
The reason for the different results might be due to the sample size of the cases, which may affect the 
accuracy of the results. A review shows that there is a significant association between a family history 

of breast cancer and risk of BBD [35]. One national study from Denmark also found that women with 
a family history of BBD or breast cancer had a significantly increased risk of developing BBD [36]. 

These findings collectively suggest that a first-degree family history may be a risk factor for BBD.  

Three studies showed the inconsistent association of gestational weight gain [18, 24, 26]. The reasons 
for the heterogeneity of results may be: one of the studies adopted self -reported BBD outcomes 

instead of histologic confirmation, which may lead to bias [26]. Finally, there are differences among 
the studies in the adjustment for confounding factors. Another study also observed that a larger 

increase in gestational weight gain reduced the risk developing BBD [37]. Therefore, the gestational 

weight gain might have protective effect to BBD. 

Both fiber and nuts could be associated with a decreased risk of BBD, according to the consistent 

results from the three studies on fiber [21, 27, 30], and four studies on peanuts butter and nuts [18, 

21, 30, 31].These findings are also supported by a previous study [38].  

Three studies presented that inconstant association between β-carotene and the risk of BBD [27, 28, 
32]. The reasons for the heterogeneity may include differences in outcome definitions and exposure 
measurement methods. Studies reporting significant risk reduction took overall BBD as the outcome 

[32], while the other two studies focused on proliferative BBD [27, 28]. Furthermore, two studies that 
found no significant association used questionnaires to retrospectively collect exposure information, 

which might lead to recall bias and thus affect the accuracy of the results. The negative association 
was also consistent with a previous study [39]. Therefore, it is possible that the β-carotene negatively 

associated with the risk of BBD. 
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Two studies reported the inconsistent relationship between animal fat, monounsaturated fat and risk 
of BBD, one study reported a higher intake associated with an increased risk of BBD [27], while the 
other study found no significant association [28]. The inconsistency could be explained by differences 

in adjustment variables, with one study being only adjusted for age as a confounder [27]. Three studies 
reported the inconsistent relationship between vegetable and risk of BBD, the key reason for the 

differences in the results mainly lies in the inconsistent adjustment of variables, which affects the 
comparability and consistency of the results [27, 28, 29]. A systematic review study also concluded 
that the intake of animal fats and monounsaturated fats is associated with an increased risk of BBD 

and vegetable fat is associated with a decreased risk, which to some extent supports the observations 
in this study [40]. Therefore, the animal or monounsaturated fat may be risk factor of BBD, the 

vegetable fat may be the protective factor.  

Five studies reported that inconsistent association between childhood BMI and the risk of BBD [16, 
17, 18, 24, 25]. One study reported the result was not significant [18]. This difference might be due 

to that different numbers of sample subsets and adjustment variables. A review study also mentioned 

that BMI in childhood is significantly associated with the risk [41]. 

Two studies evaluated the inconsistent relationship between adult BMI and risk of BBD [16, 17]. The 
reason might be in the differences in adjustments: one study only adjusted for age [16], while the 
other study adjusted for family history on this basis [17]. Family history is an important confounding 

factor for breast diseases [8]. If not adjusted, it may lead to bias in risk estimation. A study in Brazil 
observed that higher BMI was associated with a reduced risk of BBD [42]. The BMI may be the 

protective factor of BBD. Three studies showed the inconsistent association of peak height velocity 
[16, 18, 24]. The reasons may be similar to those for the differences in the results of BMI in childhood, 
which are different numbers of sample subsets and adjustment variables. A previous study supported 

that greater peak height velocity was associated with a higher risk of BBD [38]. Therefore, the peak 

height velocity could be a risk factor for BBD. 

4.2. Non-proliferative BBD 

One study reported the consistent association between alcohol consumption during the ages of 15-17 
and 18-22 and the risk of non-proliferative BBD [19]. However, a study showed that alcohol 

consumption was not significantly associated with the risk of BBD [43]. It remains uncertain whether 

alcohol consumption is a risk factor for BBD. 

4.3. Proliferative BBD 

Two studies reported the consistent association between fiber and the risk of proliferative BBD [27, 
30]. The other study also shows that a high intake of fibers is significantly associated with a reduced 

risk of proliferative BBD [44], supporting the potential protective effect of fiber. The fiber could be 

a protective factor of proliferative BBD. 

The two studies reported inconsistent associations between animal fat, vegetable fat and 

monounsaturated fat and the risk of proliferative BBD [27, 28]. The reasons for the inconsistency of 
such results may be as follows. Firstly, the number of cases in the two studies is different. One study 

had a larger number of cases and a larger sample size, which might have more statistical power to 
detect potential associations [28]. Secondly, the differences in adjusting variables may also affect the 
results. The study was only adjusted for age [27], while another study included dietary factors (such 

as vitamins and fiber, etc.) as confounding factors, thereby reducing potential confounding effects. 
Finally, the two studies also differed in their modeling approaches: one used quartile for grouping 

[27], while the other one used quintile for grouping [28]. One study also mentioned that animal fat 
would increase the risk of proliferative BBD [45]. The animal fat might be a risk factor of proliferative 

BBD, the other types of fat need future studies. 
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Two studies showed the inconsistent association of Vitamin E [27, 28]. One possible reason for the 
inconsistency in the results of the two studies is the different definitions of the exposures which may 
lead to differences in the results: one study included intake from dietary supplements as an exposure 

indicator, while the other did not. Another study also found potential protective effect of vitamin E 

[46]. The Vitamin E might be a protective factor for proliferative BBD.  

Atypical hyperplasia  

One study showed a positive association between caffeine intake and the risk of atypical hyperplasia 
[34]. However, this result was opposite to the findings from other studies [47, 48]. This may be 

because the review only included only one study examining the relationship between caffeine intake 
and atypical hyperplasia, and the limited number of available studies reduced the representativeness 

of the findings.  

Proliferative disease without atypia 

The review showed the negative association between vegetable fat and the risk of proliferative disease 

without atypia [34]. Another study reported a similar result [49]. The vegetable fat might the 

protective factor in proliferative disease without atypia. 

Risk factor comparison across subtypes 

This review also found that the associations between the same exposures and risk differ among 
different types of BBD. The high alcohol intake at age from 15 to 17 increased the risk of non-

proliferative diseases, but it had no association with other types of BBD [19]. The higher fiber intake 
was negatively associated with the risk of BBD regardless of the subtypes and proliferative diseases 

[21, 27, 30]. However, it had no relationship with non-proliferative diseases. Moreover, the vegetable 
fat had a protect effect for the risk of proliferative diseases without atypia [34]. This negative 
association of vegetable fat cannot be found for other subtypes. Therefore, difference in the risk 

effects of the same factor across the BBD subtypes suggests that BBD should not be regarded as a 
single disease. Independent risk factors for different disease types should be identified through 

subtype-specific analysis.  

5. STRENGTHS AND LIMITATIONS 

This review provides a comprehensive and structured synthezed evidence on the factors that are 

associated with BBDs. The review also focused on the population-based studies which enhanced the 
representativeness and generalization of the findings. It made more comparison of risk factors across 

different BBD types. However, this study has certain limitations. Firstly, the number of available 
studies for certain subtypes were limited. For example, only one study specifically examined the risk 
factors for proliferative diseases without atypia and atypical hyperplasia, providing limited evidence 

for these subtypes. Secondly, the systematic review and meta-analysis cannot be conducted because 
of the high heterogeneity. The high heterogeneity arises from that the included studies were derived 

from overlapping datasets, had a wide range of exposures, and adjustment variables differently etc.  

Implications 

The research results indicate that the risk factors for different types of BBD are not consistent, 

implying that different mechanisms may underlie each subtype. Treating BBDs as a single disease 
entity could therefore lead to biased risk estimates, both when identifying risk factors for BBDs and 

when assessing their associations with subsequent breast cancer risk [8]. In the future studies, 
subtype-specific analyses should be adopted to better clarify the different effects of various BBD 
subtypes, thereby improving the accuracy of risk assessment. From a public health perspective, 

identifying and understanding the risk factors specific to each subtype can help formulate more 

targeted prevention and early screening strategies for women at risk.  
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6. CONCLUSION 

This review systematically synthesizes the evidence regarding the risk factors associated with BBD. 
The results demonstrate that the associations between risk factors and disease occurrence vary across 

BBD subtypes, suggesting that BBD should not be regarded as a homogeneous disease type. Future 
research should conduct subtype-specific investigations to clarify these differences and enhance our 

understanding of the distinct etiologies and prevention opportunities for each subtype. 
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APPENDICES 

 

Figure S1. Association between reproductive factors and benign breast diseases regardless of the 

subtype 

Footnote: ^a: adjusted for age; ^b: adjusted for coffee consumption, years of oral contraceptive use, 
body mass, no. of children, small breast, age at menarche, years of education; ^c: age, family history; 

OR: odds ratio; 95% CI: 95% confidence interval. 

 

Figure S2. Association between hormonal factors and benign breast diseases regardless of the 

subtype 

Footnote: OR is adjusted for coffee consumption, years of oral contraceptive use, body mass, no. of 
children, small breast, age at menarche, years of education; OR: odds ratio; 95%CI: 95% confidence 

interval. 

 

Figure S3. Association between family history of benign breast diseases or breast cancer and 

benign breast diseases regardless of the subtype 

Footnote: ^a: adjusted for age in months at cohort initiation, maternal history of breast cancer, 
maternal history of benign breast disease, gestational weight gain, height at age 10, body mass index 

at age 10, and adolescent peak height growth velocity; ^b: adjusted for age, family history; OR: odds 
ratio; 95% CI: 95% confidence interval; BBD: benign breast diseases; BC: breast cancer; *: indicates 

the reference. 
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Figure S4. Association between Lifestyle factors and benign breast diseases regardless of the 

subtype 

Footnote: ̂ a: adjusted for age and body mass index; ̂ b: adjusted for age; ^c: adjusted for age, family 

history; ^d: adjusted for maternal breast cancer, maternal BBD, participant’s age, gestational weight 
gain, body mass index at 10 years, height at 10 years, and adolescent peak height growth velocity; ^e: 

adjusted for age, family history of breast cancer or BBD, mother's history of BBD, age at menarche, 
body mass index, nulliparity, average hours per week of moderate to vigorous physical activity and 

alcohol intake; *: odds ratio; **: hazard ratio; RR: relative risk; 95% CI: 95% confidence interval 

 

Figure S5. Association between Physical activity and benign breast diseases regardless of the 

subtype 

Footnote: RR was adjusted for age, childhood body shape, use of oral contraceptives, family history 
of breast cancer of mother and/or sister, parity and age at first birth, current alcohol consumption and 

height, body mass index; RR: relative risk; 95% CI: 95% confidence interval. 
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Figure S6. Association between Association between anthropometric measures and benign breast 

diseases regardless of the subtype 

Footnote: ^a: adjusted for maternal breast cancer, maternal BBD, and girl’s age at study initiation; 

^b: adjusted for age in months at cohort initiation, maternal history of breast cancer, maternal history 
of benign breast disease, gestational weight gain, height at age 10, body mass index at age 10, and 

adolescent peak height growth velocity; ^d: adjusted for age; ^e: adjusted for age and BBD history 
of mother; ^f: site, age at interview, race/ethnicity, maternal age at registration, maternal education, 
maternal height, maternal cigarettes per day, and family history of breast cancer, maternal pre-

pregnancy body mass index and prematurity;^g: age, maternal height, pre-pregnancy body mass index, 
weight gain during pregnancy, infant birth weight, birth body mass index; OR: odds ratio; 95% CI: 

95% confidence interval; *: Hazard ratio. 

 

Figure S7. Association between Association between fat, dairy, milk, protein intake and benign 

breast diseases regardless of the subtype 

Footnote:^a adjusted for age, total energy, age at menarche, menopausal status, childhood body size, 
family history of breast cancer, alcohol intake between ages 18 and 22, adolescent multivitamin use, 

recency and duration of oral contraceptive use, and parity and age at first birth; ^b adjusted for age-
energy; ^c adjusted for age in months at cohort initiation, maternal history of breast cancer, maternal 
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history of benign breast disease, gestational weight gain, height at age 10, body mass index at age 10, 
and adolescent peak height growth velocity; ^d adjusted for age in months, time period, total energy 
intake, age at menarche, menopausal status, average body size between ages 5 and 10, family history 

of breast cancer in mother or sister, alcohol intake between ages 18 and 22 years, multivitamin use 
between ages 13 and 18 years, recency and duration of oral contraceptive use, parity and age at first 

birth; ^e adjusted for age-energy; ^f adjusted for age; HR: hazard ratio; 95% CI: 95% confidence 

interval; *: odds ratio  

 

Figure S8. Association between Association between fiber, nuts, peanut butter, vegetable, fruits 

intake and benign breast diseases regardless of the subtype 

Footnote:^a adjusted for age; ^b adjusted for age in months at cohort initiation, maternal history of 
breast cancer, maternal history of benign breast disease, gestational weight gain, height at age 10, 

body mass index at age 10, and adolescent peak height growth velocity; ^c adjusted for age in months, 
time period, total energy intake, age at menarche, menopausal status, history of breast cancer in 
mother or sisters, alcohol intake between apes 18 and 22, multivitamin use between ages 13 and 18, 

recency and duration of oral contraceptive, and panty and age at first birth, age at first birth; ^d 
adjusted for age-energy; ^e adjusted for age; ^f adjusted for maternal breast cancer, maternal BBD, 

participant’s age, gestational weight gain, body mass index at 10 years, height at 10 years, and 
adolescent peak height growth velocity; HR: hazard ratio; 95% CI: 95% confidence interval; *: odds 

ratio  

 

Figure S9. Association between Association between vitamin, calcium, micronutrients and benign 

breast diseases regardless of the subtype 
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Footnote: ̂ a: adjusted for age, family history of breast cancer or BBD, mother‘s history of BBD, age 
at menarche, body mass index, nulliparity, average hours per week of moderate to vigorous physical 
activity and alcohol intake; ^b: adjusted for age, total energy, age at menarche, menopausal status, 

childhood body size, family history of breast cancer, alcohol intake between ages 18 and 22, 
adolescent multivitamin use, recency and duration of oral contraceptive use, and parity and age at 

first birth; ^c: adjusted for age in months, time period, total energy intake, age at menarche, 
menopausal status, average body size between ages 5 and 10, family history of breast cancer in mother 
or sister, alcohol intake between ages 18 and 22 years, multivitamin use between ages 13 and 18 years, 

recency and duration of oral contraceptive use, parity and age at first birth; ^d: adjusted for age; HR: 

hazard ratio;95% CI: 95% confidence interval; *: odds ratio. 

 

Figure S10. Association between Association between maternal factor and benign breast diseases 

regardless of the subtype 

Footnote: ^a: adjusted for maternal breast cancer, maternal BBD, and girl’s age at study initiation; 
^b: adjusted for age in months at cohort initiation, maternal history of breast cancer, maternal history 
of benign breast disease, gestational weight gain, height at age 10, body mass index at age 10, and 

adolescent peak height growth velocity; ^c: adjusted for site, age at interview, race/ethnicity, maternal 
age at registration, maternal education, maternal height, maternal cigarettes per day, and family 

history of breast cancer, maternal pre-pregnancy body mass index and prematurity; OR: odds ratio; 

95% CI: 95% confidence interval. 

 

Figure S11. Association between Association between lifestyle factor and non-proliferative 

diseases 

Footnote: RR: adjusted for age and BMI; RR: risk ratio; 95% CI: 95% confidence interval 
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Figure S12. Association between dietary factors and non-proliferative diseases 

Footnote: RR was adjusted for age, time period, total energy intake, supplement use, history of breast 

cancer in mother or sister, and body mass index; RR: risk ratio; 95% CI: 95% confidence interval. 

 

Figure S13. Association between physical activity and proliferative diseases 

Footnote: RR was adjusted for age, average childhood body shape, use of oral contraceptives, family 
history of breast cancer of mother and/or sister, parity and age at first birth, current alcohol 

consumption, height and body mass index; RR: risk ratio; 95% CI: 95% confidence interval. 

 

Figure S14. Association between lifestyle factors and proliferative diseases 

Footnote: ^a: adjusted for age and body mass index; ^b: adjusted for age.; RR: risk ratio; 95% CI: 

95% confidence interval. 
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Figure S15. Association between dietary factor and proliferative diseases 
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Footnote: ̂ a: adjusted for adjusted for age (months), time period, total energy intake, supplement use, 
history of breast cancer in mother or sister, OC use, BMI; ̂ b: adjusted for age in months, time period, 
total energy intake, age at menarche, menopausal status, average body size between ages and 10, 

history of breast cancer in mother or sisters, alcohol intake between ages 18 and 22, multivitamin use 
between ages 13 and 18, recency and duration of OC use, and panty and age at first birth, age at first 

birth; ^c: adjusted for age; ^d: adjusted for age in months, time period (five periods), total energy 
intake, age at menarche, menopausal status, average body size between ages 5 and 10, family history 
of breast cancer in mother or sister, alcohol intake between ages 18 and 22 years, multivitamin use 

between ages 13 and 18 years, recency and duration of oral contraceptive use, parity and age at first 

birth; HR: hazard ratio; 95% CI: 95% confidence interval; *: risk ratio. 

 

Figure S16. Association between risk factors for proliferative disease without atypia 

Footnote: RR: adjusted for adjusted for age (months), time period, total energy intake, supplement 

use, history of breast cancer in mother or sister, BMI; RR: risk ratio; 95%CI: 95% confidence interval.  

 

Figure S17. Association between risk factors and atypical hyperplasia 

Footnote: RR: adjusted for adjusted for age, total energy intake, supplement use, history of breast 

cancer in mother or sister, BMI; RR: risk ratio; 95%CI: 95% confidence interval. 

 


