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Abstract

Background The role of diet in breast cancer prevention is controversial and limited in low-middle-income coun-
tries (LMICs). This study aimed to investigate the association between different dietary factors and breast cancer risk
in Vietnamese women.

Methods Three hundred seventy newly histologically confirmed breast cancer cases and 370 controls matched

by 5-year age from September 2019 to March 2020 in Ho Chi Minh City were recorded dietary intake using a validated
food frequency questionnaire. Odds ratios (OR) and 95% confidence intervals (95% Cl) were evaluated using condi-
tional logistic regression and adjusted with potential confounders.

Results Compared to the lowest quartile of intake, we found that the highest intake of vegetables, fruit, soybean
products, coffee, and egg significantly decreased breast cancer risk, including dark green vegetables (OR 0.46, 95%
C10.27-0.78, Pyreng=0.022), legumes (OR 0.19, 95% CI 0.08-0.44, py;ong <0.001), starchy vegetables (OR 0.37,95% Cl
0.21-0.66, Pyeng=0.003), other vegetables (OR 0.46, 95% Cl 0.28-0.77, Pyrong=0.106), fruits (OR 0.44, 95% CI 0.26-0.74,
Prreng <0.001), soybean product (OR 0.45, 95% Cl 0.24-0.86, Pyeng=0-311), coffee (OR 0.47, 95% Cl 0.23-0.95, pyrong 0.004),
and egg (OR 0.4, 95% Cl 0.23-0.71, Pyreng=0-002).

Conclusion Greater consumption of vegetables, fruit, soybean products, coffee, and eggs is associated with a lower
risk of breast cancer. This study provides evidence of breast cancer prevention by increasing the intake of these
dietary groups, especially in LMICs.
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Background

Breast cancer is the most common cancer in females
worldwide, contributing to 2,3 million new cases and
684,996 cancer-related deaths [1]. In Vietnam, breast
cancer has also been a profound burden to the healthcare
system, accounting for the highest age-standardized inci-
dence rates (34.2 per 100,000 populations) and among
the top three age-standardized mortality rates (13.8 per
100,000 populations) [2]. Moreover, breast cancer inci-
dence rates have continuously increased over the past
20 years, which presents a significant public health chal-
lenge for Vietnam [3]. Identifying modifiable risk factors
specific to the Vietnamese context is crucial for develop-
ing effective preventive strategies to combat this growing
health concern.

Among modifiable risk factors of breast cancer, diet
stands out as a potential factor for breast cancer pre-
vention to reduce the burden. In vitro, many nutritional
constituents from the diet have shown their influence on
breast cancer onset and development through different
mechanisms: gene mutation and repair, cell proliferation
and apoptosis, antioxidant activities, inflammation, and
levels of sex hormones [4].

A number of epidemiology studies have been con-
ducted to assess the dietary factors concerning breast
cancer risk and arrived at various conclusions. Some
studies found that higher intakes of vegetables, fruit,
milk, egg, soy food, and lower intakes of high-cholesterol
food, grilled and processed meat were inversely associ-
ated with breast cancer [5-9]. Nevertheless, except for
alcohol, no dietary factors have shown a consistent and
statistically robust association with breast cancer risk
[10].

Regional differences might play a role in varying asso-
ciations between breast cancer risk and diet, and few
studies are available from low- and middle-income coun-
tries (LMICs) [11-13] where variability in food intake
is wide [14]. In Vietnam, limited research has explored
the association between dietary factors and breast can-
cer risk, with only one study conducted in the Northern
region[12]. To address this gap, we conducted a case-
control study in Ho Chi Minh City, Southern Vietnam, to
investigate the relationship between specific food groups
and breast cancer risk among women.

This knowledge can contribute significantly to develop-
ing targeted dietary recommendations and public health
initiatives aimed at reducing breast cancer risk in this
population.

Methods

Study population and design

Case subjects were recruited from September 2019
to March 2020 from patients admitted to the Ho Chi
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Minh City Oncology Hospital, Ho Chi Minh City, Viet-
nam. 419 potential cases, who were Vietnamese females
aged 25 years and older with newly histologically con-
firmed primary breast cancer diagnosed at Ho Chi Minh
City Oncology Hospital, were identified. Women were
excluded if they had a prior history of any cancers. Con-
trols for the present study were randomly selected from
the cohort of participants in the Vietnam Osteoporosis
Study (VOS), whose rationale and protocol have been
described elsewhere [15]. This project is a prospective
cohort study that has been collecting roughly 4200 ran-
dom citizens aged 18 years and above in Ho Chi Minh
City and surrounding rural areas. The cancer-free status
of the selected controls was assessed by continuous med-
ical records in six years of follow-up in the cohort. The
controls were frequently matched by a 5-year age group
to the cases on a 1:1 ratio. For each age bracket, a sample
of control candidates of the required size was generated
randomly using the base R sample function. A final sam-
ple of 370 cases and 370 controls were selected for statis-
tical analyses.

Ho Chi Minh City contributes significantly to Viet-
nam’s economy, making up about 27% of the country’s
overall budget and 23% of the gross domestic product
in 2020 [16]. With those great employment opportuni-
ties, Ho Chi Minh City has become the most attractive
destination for the migrant labor force in Vietnam. It is
estimated that there were 200 immigrants per 1,000 peo-
ple in Ho Chi Minh City, coming from the Mekong River
Delta, the North Central, and Central Coastal areas [17].

All women who participated in this study provided
written informed consent. The study was approved by
the National Ethics Committee of the Vietnam Ministry
of Health (Approval: 94/CN-HDDD issued on August 7%,
2020).

Data collection

Detailed information on dietary habits and other fac-
tors (sociodemographic characteristics, weight, height,
menstrual and reproductive history, physical activity, and
family history of breast cancer) among the participants
was elicited by face-to-face interviews using a struc-
tured questionnaire conducted by trained interview-
ers. The feasibility and reliability of the questionnaire
were evaluated through two separate tests. Initially, the
questionnaire was administered to 20 randomly selected
individuals from the community, with a two-week inter-
val between tests. The resulting coefficient of reliability
ranged from 0.60 to 0.79, indicating moderate to good
reliability. Subsequently, adjustments were made to
questions exhibiting high variability. Next, the question-
naire was tested on 20 patients at the Ho Chi Minh City
Oncology Hospital, with an interval of approximately
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four weeks between tests corresponding to the interval
between two follow-up examinations. During this test,
the reliability coefficient improved significantly, ranging
from 0.75 to 0.90, indicating good to excellent reliability.
Unfortunately, due to the limited sample size, reliability
analysis by age group was not feasible.

The sociodemographic characteristics were age and
education level, which resulted from the question,
“What is your highest education attainment?’ with four
possible answers, ‘Primary school or lower, ‘Secondary
school, ‘High school, ‘College or higher’ The menstrual
and reproductive history included information about
the age at menarche, age at first birth, parity, menopau-
sal status, benign breast disease, and oral contracep-
tive use. Physical activity was assessed using the Global
physical activity questionnaire [18]. Participants’ height
and weight were measured using an electronic portable,
wall-mounted stadiometer (Seca Model 769; Seca Corp,
CA, USA) while not wearing shoes, ornaments, hats, or
heavy layer clothing. For the case group, we retrieved
information on the participant’s weight before the sur-
gical operation from the medical record. Body mass
index (BMI) was calculated by dividing weight in kilo-
grams by height in meters squared (kg/m?). BMI was
classified into four categories (<18.5, 18.5-23, 23-27.5,
>27.5 kg/m?) based on the cut-off for Asians by the
World Health Organization [19].

Dietary intakes were assessed using a validated
76-item food frequency questionnaire (FFQ) with good
reproducibility (Spearman correlation coefficients
ranged from 0.47 to 0.72) [20]. A commonly used por-
tion size was specified for each food (e.g., slice, glass,
bowl, or unit, such as one apple or banana). Food pic-
ture booklets with usual intake portions [20] were uti-
lized to help participants estimate and record amounts
of food consumed (Supplementary Table S1, Supple-
mentary material 2). The development and validation
of the FFQ among Vietnamese in Ho Chi Minh City
were described elsewhere [20]. Food items were catego-
rized into food groups based on their similar nutrient
contents, including: dark green vegetables (i.e., ama-
ranth, swamp cabbage, mustard green, water morn-
ing glory, Malabar spinach, crown daisy, Chinese leek,
broccoli), red/orange vegetables (i.e., tomato, carrot,
pumpkin squash, red pepper, bell pepper), legumes
(French bean, ), starchy vegetables (i.e., white potato,
sweet potato, Chinese yam), other vegetables (i.e.,
cabbage, wax gourd, cucumber, gourd, bitter gourd,
mushroom), fruits (i.e., dragon fruit, banana, papaya,
pomelo, mango, durian, jackfruit, longan, orange,
water melon, pear, grape, guava, apple), red meat (i.e.,
pork lean, pork upper leg, pork medium fat, pork rib,
pork lower leg, beef), white meat (i.e., chicken, duck,
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hen), innards, seafood (i.e., fish, shrimp, squid), egg
(i.e., hen egg, duck egg), soybean products (i.e., fried
tofu, raw tofu, tofu pudding), tea, dairy beverages (i.e.,
fresh milk, milk powder, yogurt, condensed milk, soy-
bean milk), soft drink, fruit juice (i.e., fruit shake juice,
lemon juice, orange juice, coconut juice with kernel),
and coffee (i.e., coffee, instant coffee, instant coffee with
milk and sugar). The reference period in assessing diet
factors was one year before diagnosis for cases and one
year before being interviewed for controls. Information
on consumption frequency (four levels: daily, weekly,
monthly, yearly) and the number of servings for each
food consumed during the previous three-year period
were obtained.

Statistical analysis
Characteristics between cases and controls were com-
pared using the t-test or Mann-Whitney U test for con-
tinuous variables and the chi-square test for categorical
variables. Quartiles of food group intakes were defined
based on the distribution among the control group. Con-
ditional logistic regression models were used to calculate
odds ratios (ORs) and 95% confidence intervals (CIs) of
each quartile, using the lowest quartile group as the ref-
erence. The relationships between different food groups
and the risk of breast cancer were further examined
after adjusting for various potential confounding vari-
ables using multivariate logistic regression models. The
following potential confounding factors were included
in the models: age (continuous), education level (sec-
ondary school and lower, high school and higher), body
mass index (BMI, <18.5, 18.5-23, 23-27.5, >27.5 kg/m?),
age at menarche (continuous), age at first birth (continu-
ous), parity (nulliparous, 1, 2, >3 births), menopausal sta-
tus (yes: has been postmenopausal, no: not yet), history
of benign breast disease (yes/no), oral contraceptive use
(ever, yes/no), physical activity (>3 times/week, yes/no),
family history of breast cancer (yes/no). Age (continuous)
was also included in the final conditional logistic regres-
sion model following the theory of doubly robust estima-
tion [21].

All P values are two-sided, and the statistical signifi-
cance level was determined at p <0.05. All data analyses
were performed by using R 4.1.2 [13].

Results

The selected characteristics of 370 cases and 370 con-
trols participating in the study are presented in Table 1.
The mean age of the case and control groups were both
51.7 years. Compared to controls, cases were more likely
to have lower education level, lower BMI, older age at
menarche, younger age at first birth, higher parity, and
were more physically active. Controls were more likely
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Table 1 Selected characteristics of breast cancer cases and controls, Ho Chi Minh City, Vietnam
Characteristics Cases (n=370) Controls (n=370) p value
Age (Mean + SD) 51.7+108 51.7+109 0.93
Residence (n, %)
Urban 124 (33.3%) 326 (88.1%) <0.01
Rural 246 (66.7%) 44 (11.9%)
Education level (n, %)
Secondary school and lower 273 (73.8%) 190 (51.4%) <0.01
High school and higher 97 (26.2%) 180 (48.6%)
BMI (kg/m?)
<185 27 (7.3%) 15 (4.1%) <0.01
18.5-23 183 (49.5%) 143 (38.6%)
23-27.5 127 (34.3%) 161 (43.5%)
>27.5 33 (8.9%) 51 (13.8%)
Age of menarche (Mean + SD) 153+ 1.81 146+ 193 <0.01
Age at first birth (Mean + SD) 246 +483 260+ 5.07 <0.01
Number of parity (n, %)
Nulliparious 46 (12.4%) 76 (20.5%) <0.01
1 48 (13.0%) 63 (17.0%)
2 161 (43.5%) 145 (39.2%)
>3 115 (31.1%) 86 (23.2%)
Gravidity (Mean + SD) 2.54(1.59) 2.26(1.74) 0.03
Menopause status (Yes, %) 196 (53.0%) 187 (50.5%) 0.56
History of benign breast disease 20 (5.4%) 9 (2.4%) 0.06
Oral contraceptive use, ever 18 (4.9%) 13 (3.5%) 0.46
Physical activity: >3 times/week 203 (54.9%) 157 (42.4%) <0.01
Family history of breast cancer (Yes, %) 17 (4.6%) 18 (4.9%) 1

to reside in urban areas. There were no significant differ-
ences between the cases and controls in terms of meno-
pausal status, history of benign breast disease, ever oral
contraceptive use, and family history of breast cancer.

Table 2 shows the intake of food groups for each
quartile with the participant distribution and their
crude ORs. Compared to controls, the case group had
lower participants in both quartiles 3 and 4 of food
intake regarding dark green vegetables, red/orange veg-
etables, legumes, starchy vegetables, other vegetables,
egg, soybean products, tea, dairy beverages, and cof-
fee. Otherwise, only white meat and innards witnessed
more participants in the case than the control in both
quartiles 3 and 4 of food intake.

Figure 1 illustrates the adjusted ORs of breast can-
cer for intake of food groups across quartiles. Com-
paring the highest with the lowest quartile, the breast
cancer risk decreased significantly with respect to
dark green vegetables (OR 0.46, 95% CI 0.27-0.78,
Pirend=0.022), legumes (OR 0.19, 95% CI 0.08-0.44,
Ptrend <0.001), starchy vegetables (OR 0.37, 95% CI 0.21-
0.66, Pireng=0.003), other vegetables (OR 0.46, 95% CI

0.28-0.77, Prreng=0.106), fruits (OR 0.44, 95% CI 0.26-
0.74, Pyreng <0.001), soybean product (OR 0.45, 95% CI
0.24-0.86, Pyenq=0.311), coffee (OR 0.47, 95% CI 0.23-
0.95, Pereng 0.004), and egg (OR 0.4, 95% CI 0.23-0.71,
Pireng=0-002). Red/orange vegetables, red meat, white
meat, innards, seafood, dairy, tea, soft drinks, and fruit
juice showed no significant association with breast can-
cer risk in comparison between the highest and lowest
intake categories.

Discussion

The present study investigated the association between
various dietary factors and breast cancer risk among Viet-
namese women in Ho Chi Minh City. Our findings, after
adjusting for potential confounding factors, revealed that
high intakes of dark green vegetables, legumes, starchy
vegetables, other vegetables, fruits, soybean products,
coffee, and eggs significantly reduced breast cancer risk.
Conversely, no statistically significant associations were
observed between high consumption of red/orange vege-
tables, red meat, white meat, innards, seafood, dairy, tea,
soft drinks, and fruit juice and breast cancer risk.
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Table 2 The participant distribution and crude odds ratios for the association of breast cancer across the quartiles of food group

intakes
Food intakes Cases (n =370) Controls (n =370) Crude OR (95% Cl) p value
Dark green vegetables

Quartile 1: <3.75 servings/week 103 (27.84) 66 (17.84) 1.00

Quartile 2: 3.75 - <6.02 servings/week 94 (25.41) 80 (21.62) 0.75(0.49-1.16) 0.19

Quartile 3:6.02 - <9.69 servings/week 84 (22.70) 102 (27.57) 0.53(0.35-0.81) <0.01

Quartile 4: >9.69 servings/week 89 (24.05) 122 (32.97) 047(0.31-0.71) <0.01
Red/Orange vegetables

Quartile 1: <1.75 servings/week 82 (22.16) 95 (25.68) 1.00

Quartile 2: 1.75 - <3.09 servings/week 112 (30.27) 74 (20.00) 1.75(1.16-2.66) <0.01

Quartile 3:3.09 - <5.33 servings/week 108 (29.19) 110 (29.73) 1.14(0.76-1.69) 0.52

Quartile 4: >5.33 servings/week 68 (18.38) 91 (24.59) 0.87 (0.56-1.33) 051
Legumes

Quartile 1: <0.06 servings/week 106 (28.65) 61 (16.49) 1.00

Quartile 2: 0.06 - <0.32 servings/week 140 (37.84) 123 (33.24) 0.65 (0.44-0.97) 0.04

Quartile 3:0.32 - <1.21 servings/week 109 (29.46) 144 (38.92) 0.44 (0.29-0.65) <0.01

Quartile 4: >1.21 servings/week 15 (4.05) 42 (11.35) 0.21(0.11-0.40) <0.01
Starchy vegetables

Quartile 1: <0.75 servings/week 160 (43.24) 85 (22.97) 1.00

Quartile 2:0.75 - <1.96 servings/week 78 (21.08) 112 (30.27) 0.37 (0.25-0.55) <0.01

Quartile 3: 1.96 - <3.62 servings/week 82(22.16) 111 (30.00) 0.39(0.27-0.58) <0.01

Quartile 4: >3.62 servings/week 50(13.51) 62 (16.76) 0.43(0.27-0.68) <0.01
Other vegetables

Quartile 1: <3.33 servings/week 107 (28.92) 67 (18.11) 1.00

Quartile 2: 3.33 - <5.38 servings/week 90 (24.32) 91 (24.59) 0.62 (0.41-0.94) 0.03

Quartile 3:5.38 - <8.23 servings/week 92 (24.86) 95 (25.68) 0.61(0.40-0.92) 0.02

Quartile 4: >8.23 servings/week 81(21.89) 117 (31.62) 0.43 (0.29-0.66) <0.01
Fruits

Quartile 1: <4.84 servings/week 113 (30.54) 77 (20.81) 1.00

Quartile 2: 4.84 - <8.88 servings/week 100 (27.03) 84 (22.70) 0.81(0.54-1.22) 032

Quartile 3:8.88 - <15.28 servings/week 95 (25.68) 88(23.78) 0.74 (049-1.11) 0.14

Quartile 4: >15.28 servings/week 62 (16.76) 121 (32.70) 0.35(0.23-0.53) <0.01
Red meat

Quartile 1: <4.66 servings/week 109 (29.46) 94 (25.41) 1.00

Quartile 2: 4.66 - <8.65 servings/week 71(19.19) 93 (25.14) 0.66 (0.43-0.99) 0.04

Quartile 3:8.65 - <15.83 servings/week 106 (28.65) 98 (26.49) 0.93 (0.63-1.38) 0.73

Quartile 4: >15.83 servings/week 84 (22.70) 85(22.97) 0.85(0.57-1.28) 0.44
White meat

Quartile 1: <0.89 servings/week 111 (30.00) 108 (29.19) 1.00

Quartile 2:0.89 - <2.21 servings/week 92 (24.86) 133 (35.95) 0.67 (0.46-0.98) 0.04

Quartile 3: 2.21 - <542 servings/week 100 (27.03) 83(2243) 1.17(0.79-1.74) 043

Quartile 4: >5.42 servings/week 67 (18.11) 46 (12.43) 142 (0.89-2.24) 0.14
Innard

Quartile 1: <5.75 servings/week 214 (57.84) 248 (67.03) 1.00

Quartile 2: 5.75 - <23.01 servings/week 49 (13.24) 40 (10.81) 142 (0.90-2.24) 0.13

Quartile 3:23.01 - <57.54 servings/week 59 (15.95) 43 (11.62) 1.59(1.03-2.45) 0.04

Quartile 4: >57.54 servings/week 48 (12.97) 39(10.54) 1.43 (0.90-2.26) 0.13
Seafood

Quartile 1: <3.74 servings/week 94 (25.41) 104 (28.11) 1.00

Quartile 2:3.74 - <6.01 servings/week 96 (25.95) 83 (2243) 1.28 (0.85-1.92) 0.23
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Table 2 (continued)

Food intakes Cases (n =370) Controls (n =370) Crude OR (95% CI) p value
Quartile 3:6.01 - <9.65 servings/week 91 (24.59) 98 (26.49) 1.03 (0.69-1.53) 0.89
Quartile 4: 29.65 servings/week 89 (24.05) 85 (22.97) 1.16 (0.77-1.74) 0.48

Egg
Quartile 1: <1.01 servings/week 139 (37.57) 79 (21.35) 1.00
Quartile 2: 1.01 - <2.62 servings/week 102 (27.57) 116 (31.35) 0.50 (0.34-0.73) <0.01
Quartile 3: 2.62 - <4.62 servings/week 84 (22.70) 102 (27.57) 047 (0.31-0.70) <0.01
Quartile 4: 24.62 servings/week 45 (12.16) 71(19.19) 0.36 (0.23-0.57) <0.01

Soybean product
Quartile 1: <0.46 servings/week 119 (32.16) 62 (16.76) 1.00
Quartile 2: 046 - <1.55 servings/week 155 (41.89) 151 (40.871) 0.53(0.37-0.78) <0.01
Quartile 3: 1.55 - <3.68 servings/week 58 (15.68) 99 (26.76) 0.31(0.20-0.48) <0.01
Quartile 4: >3.68 servings/week 38(10.27) 58 (15.68) 0.34 (0.20-0.57) <0.01

Tea
Quartile 1: <0.17 servings / day 244 (65.95) 195 (52.70) 1.00
Quartile 2:0.17 - <0.57 servings / day 24 (6.49) 38(10.27) 0.50 (0.29-0.87) 0.01
Quartile 3:0.57 - <3 servings / day 61 (16.49) 90 (24.32) 0.54 (0.37-0.79) <0.01
Quartile 4: =3 servings / day 41 (11.08) 47 (12.70) 0.70 (0.44-1.10) 0.12

Dairy beverages
Quartile 1: <2.82 servings/week 224 (60.54) 161 (43.51) 1.00
Quartile 2: 2.82 - <8.89 servings/week 54 (14.59) 91 (24.59) 043 (0.29-0.63) <0.01
Quartile 3:8.89 - <22.09 servings/week 52 (14.05) 77 (20.81) 049 (0.32-0.73) <0.01
Quartile 4: >22.09 servings/week 40 (10.81) 41 (11.08) 0.70(0.43-1.13) 0.15

Soft drink
Quartile 1: <0.12 servings/week 253 (68.38) 244 (65.95) 1.00
Quartile 2:0.12 - <0.58 servings/week 72 (19.46) 75 (20.27) 0.93 (0.64-1.34) 0.68
Quartile 3: 0.58 - <2.12 servings/week 27 (7.30) 33(892) 0.79 (0.46-1.35) 0.39
Quartile 4: >2.12 servings/week 18 (4.86) 18 (4.86) 0.96 (0.49-1.90) 0.92

Fruit juice
Quartile 1: <1.03 servings/week 150 (40.54) 120 (32.43) 1.00
Quartile 2: 1.03 - <2.53 servings/week 90 (24.32) 95 (25.68) 0.76 (0.52-1.10) 0.15
Quartile 3: 2.53 - <5.53 servings/week 79 (21.35) 78 (21.08) 0.81(0.55-1.20) 0.29
Quartile 4: >5.53 servings/week 51(13.78) 77 (20.81) 0.53(0.35-0.81) <0.01

Coffee
Quartile 1: <0.24 servings/week 210 (56.76) 181 (48.92) 1.00
Quartile 2: 0.24 - <1.38 servings/week 33(8.92) 29 (7.84) 0.98 (0.57-1.68) 0.94
Quartile 3: 1.38 - <7.24 servings/week 101 (27.30) 126 (34.05) 0.69 (0.50-0.96) 0.03
Quartile 4: >7.24 servings/week 25 (6.76) 34(9.19) 0.63 (0.36-1.10) 0.11

The hypothesis linking vegetable and fruit consump-
tion to a reduced risk of breast cancer aligns with
numerous previous studies [22—25]. The potential pro-
tective effect of these dietary components is biologically
plausible due to their high fiber content and anti-carci-
nogenic compounds [26—-28]. However, the heteroge-
neity in nutrient content among vegetables and fruits
may contribute to variations in the observed associa-
tions. While some studies demonstrated inverse asso-
ciations with both vegetables and fruits [22, 25], others
found this association to be weaker for fruits alone or

absent altogether [23, 24]. Interestingly, a recent study
in Northern Vietnam found that a high intake of fruits,
but not vegetables, was inversely associated with breast
cancer risk [12]. In line with existing studies, our find-
ings underscored the protective role of nearly all types
of vegetables, except for red and orange varieties, while
for fruits, the protective effect was only evident in the
highest quartile of consumption. Carotenoids are theo-
rized to lower cancer risk due to their antioxidant and
anti-proliferative properties [29], which has been sup-
ported by some studies [25, 30]. However, our study
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found no significant link between red/orange vegeta-
ble consumption and breast cancer risk. This could be
partly explained by the Vietnamese preference for dark
vegetables over red/orange ones and the practice of
deep cooking, which can alter carotenoid bioavailability
compared to raw consumption.

Moreover, our study highlighted the protective role of
soy foods, which is consistent with previous research in
Asian populations [31-33] but not in Caucasian popula-
tions [34—36]. A recent meta-analysis suggested that con-
sumption of only high levels of soybean is associated with
a reduced risk of breast cancer in the Asian population
[37]. Consequently, the low soy intake in Western coun-
tries compared to Asian countries may limit the ability
to detect an inverse association between soy food and
breast cancer risk [38]. Additionally, soy consumption
during adolescence and adulthood has been linked to a
notable reduction in breast cancer risk later in life [32].
Thus, the impact of soy foods on breast cancer risk may
depend on genetics, prior soy intake, timing of exposure,
and level of soy intake.

Interestingly, our research indicated a protective
effect of coffee on breast cancer risk, a finding sup-
ported by emerging evidence [39, 40]. Conversely, con-
flicting results exist, such as a recent Vietnamese study
that reported an increased risk among post-menopau-
sal women with higher coffee intake [41]. Moreover,
an extensive pooled analysis of 21 prospective studies
showed that women who consumed at least two cups
of coffee per day showed a lower risk of breast cancer
than non-consumers [42]. Proposed mechanisms for
the protective effects of coffee include its potential to
inhibit inflammation and oxidative stress, thereby poten-
tially preventing tumor formation [43]. This discrepancy
emphasizes the need for further investigation, especially
given the widespread global consumption of coffee.

Additionally, the inverse association with breast can-
cer risk was also found with eggs in this study, consistent
with certain case-control studies in China [6, 44]. Con-
versely, a meta-analysis of prospective studies failed to
detect a significant association between egg intake and
breast cancer risk [45]. However, these analyses revealed
that consuming a higher intake of eggs (five eggs/week)
significantly increased the breast cancer risk. Similarly,
another pooled analysis [46] suggested a J-shape associa-
tion influenced by the level of egg intake, with the risk
decreasing for consumption of under two eggs /week
but increasing for consumption of over seven eggs /week
compared to no egg consumption. Taken together, the
discrepancy might be explained by the fact that the mean
intake of eggs in our study was moderate, approximately
three eggs/week, similar to the intake reported in Chi-
nese studies.
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Likewise, the relationship between fish consumption
and breast cancer risk remains contentious, with stud-
ies in Asian populations suggesting a protective role [44,
47], whereas Western studies show null associations [48,
49] or even positive associations [50]. A recent study sug-
gested that high consumption of fish is associated with
lower breast cancer risk [51], and fish intake is higher
in Asian populations compared to Western popula-
tions [52]. Consequently, there may be a reduced ability
to detect the expected protective effect of fish intake on
breast cancer risk in Western populations. Moreover, this
protective effect might be attenuated or even reversed by
other constituents in fish, such as organometallics and
pesticides [51]. Considering the significant increase in
pesticide consumption in Vietnam due to the intensifi-
cation of the agricultural sector, which has also harmed
fish populations [53], this may partially explain the lack
of association between seafood consumption (among it,
90% was fish) and breast cancer risk in our study, despite
being conducted in an Asian country. Conversely, the
study in Northern Vietnam showed that freshwater fish,
not saltwater fish, had an inverse association with breast
cancer [12].

Furthermore, our findings did not support an asso-
ciation between breast cancer risk and dairy products,
which is consistent with the results from a pooled anal-
ysis [46], but in contrast to some recent meta-analyses
where the risk of breast cancer was inversely associated
with total dairy food intake [54]. These findings also sug-
gested that the protective effect of dairy products may
depend on the dose, type of dairy, and timing of con-
sumption [54]. The protective effect of dairy products
can be attributed to the anti-carcinogenic properties of
several compounds present in them, such as butyrate,
lactoferrin, conjugated linoleic acid, calcium, and vita-
min D. However, dairy products also contain various
compounds, including saturated fatty acids, endogenous
insulin-like growth factor 1 (IGF-1), and other contami-
nants such as pesticides, which are considered potentially
carcinogenic. Taken together, these discrepancies may
arise from differences in genetic factors, dietary patterns,
and dose of dairy consumption among populations.

Similarly, despite previous hypotheses linking high-
cholesterol diets like innards and red meat to increased
breast cancer risk [22, 55], our data did not support these
associations. Three large prospective cohort studies - the
Swedish Mammography Cohort [56], the Black Women'’s
Health Study [57], and the European Prospective Inves-
tigation into Cancer and Nutrition (EPIC) cohort study
[58] also reported the null association between meat
intake and breast cancer risk. Additionally, a recent
meta-analysis showed that the possible absolute effects
of red and processed meat consumption on cancer
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incidence were very small, with low to very low certainty
of evidence [59]. Differences in cooking methods and
the degree of doneness may contribute to the dispar-
ity in findings. Certain cooking temperatures, durations,
and styles can lead to the formation of carcinogenic
mutagens, such as heterocyclic amines and polycyclic
aromatic hydrocarbons [60, 61]. Furthermore, the asso-
ciation of meat with breast cancer risk may be immuno-
histochemical subtype-specific, with evidence of a higher
risk of ER+/PR+ breast cancers but not ER—/PR— breast
cancers [62].

Finally, our study found no significant association
between soft drink consumption and breast cancer risk,
contrary to findings from a meta-analysis of European
and American populations, which indicated a statistically
significant positive association between higher consump-
tion of sugary drinks and breast cancer [63]. However,
in the subgroup analysis, this meta-analysis showed
non-statistically significant results for pre- and post-
menopausal breast cancer. Furthermore, it is noteworthy
that sugary beverage intake among Western populations
is typically higher than among Asian populations [64],
potentially limiting the ability to detect a positive associ-
ation between soft drink consumption and breast cancer
risk in Asian populations.

Although numerous epidemiological studies have
explored the correlation between diet and breast can-
cer risk, there have been extremely limited data on this
association in LMICs. Moreover, breast cancer risk var-
ies considerably across ethnicities, with traditional Asian
diets typically rich in plant-based foods, in contrast to
the animal-based focus of Western diets. The evolving
landscape of international trade, socioeconomic factors,
and cultural exchanges further alters dietary habits and
breast cancer risk profiles. Therefore, investigating the
relationship between diet and breast cancer risk with a
focus on LMICs is imperative for establishing effective
prevention strategies. This pioneering study in Vietnam
to investigate the association between detailed dietary
factors - including 76 local food items - and breast can-
cer addresses a critical research gap within LMICs and
significantly contributes to our understanding of dietary
influences on breast cancer risk. The observed protective
effects of certain dietary components, such as dark green
vegetables and soybean products, were consistent with
the recommendations of the third expert report from
the World Cancer Research Fund/American Institute
for Cancer Research (WCRF/AICR) 2018 [65], offering
potential avenues for breast cancer prevention in LMIC
settings. However, further investigation is warranted,
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particularly regarding the lack of association with red
meat, white meat, innards, seafood, dairy products, soft
drinks, and fruit juices, considering potential variations
in processing, preparation, and consumption patterns
within the Vietnamese context. The disparities between
our findings and those of other studies underscore the
importance of accounting for diverse populations and
contextual factors when investigating dietary influences
on breast cancer risk, especially in LMICs.

This study provides valuable insights into breast can-
cer risk factors specific to the Vietnamese population,
serving as a representative model for LMICs. A major
strength of the study lies in its robust study design, with
a comprehensive examination of several group foods,
rigorous selection of cases and controls, histological
confirmation of breast cancer diagnoses, and thor-
ough control of a wide range of confounding variables.
Nonetheless, limitations exist, including the inability
to establish causality due to the study’s case-control
design and potential bias introduced by self-reported
lifestyle data, although minimized through strict selec-
tion criteria, reliability testing of questionnaires, and
administration by trained interviewers. Residual con-
founding effects due to unmeasured factors could
hinder the validity of our results despite the efforts of
controlling for a set of covariates. Furthermore, the
focus on individual food categories overlooks the com-
plexity of dietary interactions, emphasizing the need
for larger prospective studies examining holistic diets
in relation to breast cancer risk among the Vietnamese
population. Additionally, the absence of subgroup anal-
yses based on different breast cancer molecular types
is a notable limitation, as these subtypes may exhibit
varying susceptibilities to dietary influences. Finally,
the study was conducted among women residing in the
southern provinces of Vietnam; therefore, the gener-
alizability to other regions (for example, mountainous
regions) in Vietnam could be limited.

Conclusions

Our study underscores the association between high
intakes of vegetables, fruits, soybean products, eggs,
and coffee with a significant decrease in breast can-
cer risk. These findings substantially contribute to our
understanding of dietary factors and breast cancer risk
in LMICs, laying the groundwork for culturally tailored
and sustainable preventive strategies against breast
cancer in these settings.
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