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Dietary soluble, insoluble, and total fiber D
intake and their dietary sources in association
with breast cancer
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Abstract

Background A few studies have examined the association between different types of dietary fiber as well as their
sources and the risk of breast cancer (BC) and the present study aimed to investigate these associations in a case-
control study among Iranian women.

Methods A total of 464 women with pathologically confirmed breast cancer within the past year and 498
age-matched healthy controls were included. Dietary intakes were assessed using a 168-item food frequency
questionnaire. The association between dietary soluble, insoluble, total dietary fiber, as well as, fiber from fruits,
vegetables, legumes, cereals, and nuts intake with odds of breast cancer was assessed using multivariate logistic
regression analysis.

Results Mean total dietary fiber intake of patients with and without cancer were 33.1+15.3 g per day (g/d) and
34.2+16.5 (g/d), respectively. Dietary total fiber (OR=0.65; 95%Cl: 0.47-0.90, P,,.,q = 0.01), insoluble fiber (OR=0.68;
95%Cl: 0.49-0.93, Pyrong = 0.01), fruits'fiber (OR=0.68; 95%Cl: 0.49-0.94, P, .4 = 0.02), and vegetables'fiber (OR=0.66;
95%Cl: 0.48-0.91, Pyrong = 0.01) were significantly associated with reduced likelihood of developing breast cancer

in all participants. Furthermore, dietary total and insoluble fiber, as well as, fiber from fruits were significantly
associated with lower odds of breast cancer in premenopausal women (P<0.05). In contrast, cereals' fiber significantly
increased the risk of breast cancer by 84% in premenopausal women (OR=1.84; 95%Cl: 1.18-2.86, Py;ong = 0.009). In
postmenopausal women, cereals'fiber had a significant inverse association with odds of breast cancer (OR=0.56;
95%Cl: 0.31-1.03, Pyrong = 0.04). Also, fiber from vegetables was significantly associated with a lower risk of breast
cancer in postmenopausal women (OR=0.53; 95%Cl: 0.30-0.94, Py,onq = 0.03).

Conclusion Dietary fiber intake and more specifically insoluble, fruits, and vegetables' fiber intake might be
associated with a reduced breast cancer risk, particularly in premenopausal women. Future prospective investigations
are needed to confirm these findings.
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Introduction

Breast cancer (BC) with the age-standardized incidence
of 47.8 per 100 000 globally was the second leading cause
of cancer after lung cancer in 2020 and the first one in
females which imposes a high economic burden on the
health care system [1, 2]. Similar to western countries,
BC is a major public health problem among women in
the Middle East, as one-third of total cancer cases and
24% of total cancer deaths were due to breast cancer [3].
In Iran, 16 967 cases of breast cancer were diagnosed
in 2020 and the disease was responsible for the highest
number of cancer deaths among women [4].

Non-modifiable risk factors include aging, genetic pre-
disposition, early menarche (<12 years), late menopause
(>55 vyears), experiencing the first pregnancy over 30
years of age, and infertility, as well as, modifiable lifestyle
related factors like use of contraceptives, hormonal treat-
ment after menopause, no breastfeeding, physical activ-
ity, and being overweight or obese have been associated
with BC incidence and recurrence [4—9]. Previous studies
support the hypothesis that dietary intake is also associ-
ated with the risk of breast cancer [10-13]. It has been
proposed that foods like dairy products [14], soy food
[15], unrefined cereals [1] and olive oil [16] have a protec-
tive effect on the risk of breast cancer. In contrast, alcohol
use, saturated fatty acids, red and processed meat intake
increase the risk of BC [1, 17, 18]. Dietary fiber as a part
of plant materials is known as a substance with beneficial
effects on human health [19, 20]. Systematic reviews and
meta-analyses of prospective studies showed that total
dietary fiber is associated with a reduced risk of BC [21,
22]. In addition, several animal studies have examined
the effect of different types of dietary fiber (soluble and
insoluble fiber) on breast cancer risk [23]. Moreover, a
meta-analysis of prospective studies showed a significant
inverse association between soluble fiber intake and BC
risk while no such association was observed for insoluble
fiber [21].

Recently, studying the relationship between dietary
fiber from several food groups like fruits, vegetables,
cereals, legumes and nuts, which provide a large percent-
age of dietary fiber, with breast cancer risk has attracted
researchers’ attention [24]. A meta-analysis of prospec-
tive studies illustrated that fruit originated fiber signifi-
cantly decreases the risk of breast cancer [21]. However,
San Francisco case-control study found no association
between either fiber intake from vegetables and fruits
or total fiber intake with breast cancer risk while higher
intake of fiber from grains and beans reduced the risk
by about 20% [25]. In contrast, Zhang et al. reported an
inverse association between vegetable and fruit fiber
intake but a null association was observed between cereal
fiber intake and the risk of BC [26]. A meta-analysis
including 6 cohort studies also showed no significant
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association between nut consumption and breast cancer
[27]. However, recent investigations have proposed a pro-
tective effect for nuts intake [28, 29].

Countries with low and medium income have a greater
burden of premenopausal breast cancer for both new
cases and deaths compared with higher income countries
[30]. As premenopausal and postmenopausal breast can-
cer has increased worldwide, early prevention is essential
to control the burden of breast cancer in all parts of the
world. To address these important gaps, this study aims
to examine the association between types and sources of
fiber with the overall odds of breast cancer and according
to menopausal status among Iranian women in a large
case—control study. To the best of our knowledge, this is
the first study to assess the relationship between soluble
and insoluble fiber intake and also dietary fiber from dif-
ferent sources with the chance of developing breast can-
cer in the Middle-East.

Methods

Participants

This was a hospital-based, case—control study among
Iranian women aged 19-80 years which was conducted
between 2014 and 2016 at the Cancer Institute, located at
Imam Khomeini Hospital Complex, Tehran, Iran. Cases
were patients with histopathologically confirmed breast
cancer in the preceding year, without history of any other
cancers and long-term dietary restrictions. Apparently
healthy subjects including visitors, relatives, and friends
of non-cancer patients who were hospitalized for other
chronic diseases in the same hospital and had no long-
term dietary restrictions were recruited as controls. To
assure that the distribution of cases and controls regard-
ing age (£10 years) and the geographic place of living
were the same, they were frequency-matched (controls
were selected based on the frequency of age and also the
living place of controls). We excluded individuals with
total energy intake of >4500 or <800 kcal/d (n=116) and
who did not respond to more than 70 items of the food
frequency questionnaire (FFQ, 1.85% cases, 3.05% con-
trols, n=25) from this study. Finally, 464 cases and 498
controls remained for the final analysis. The study was
approved by the Bioethics Committee of Iran Cancer
Institute, Tehran University of Medical Sciences, Tehran,
Iran, and all participants signed informed consent (ethics
code: 93-03-51-27113).

Assessment of dietary intake

A food frequency questionnaire (FFQ) filled by inter-
view was used to assess participants’ usual diet over the
preceding year [31, 32]. The validity and reliability of
the FFQ were also confirmed by comparing two FFQs
completed 1 year apart and the average of 12 dietary
24-hour recalls in a previous study [31, 33]. The FFQ was
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a block-format questionnaire containing 168 food items
with standard serving size. Participants were requested to
report their consumption on a daily, weekly, or monthly
basis. When the participants could not report their fre-
quency of consumption with the given portion sizes, they
were requested to report their own portion sizes for food
items. Then dietitians calculated daily intake of reported
food items and converted them to grams per day using
household measures. We used the USDA food compo-
sition database that was modified for Iranian foods to
compute nutrient composition of the consumed foods.
To cover seasonal changes in food intake, all participants
were asked to report the frequency of food intake regard-
less of the current time of their availability during the
past year. In addition, previous investigations were used
to extract the dietary fiber of each food, and then the
amount of fiber of each food was multiplied by the gram
of the same food intake [34-37].

Assessment of other variables

Weight was measured using a digital scale to the nearest
100 g while participants wore minimum clothing. Height
was measured to the nearest 0.5 cm by a tape measure
while the participants stood in a normal position without
shoes. Body Mass Index (BMI) was calculated using the
following formula: BMI=weight (kg) / heigh (m) squared.
Physical activity (PA) was gathered by validated Global
Physical Activity Questionnaire (GPAQ) which included
sixteen questions in four physical activity domains: job-
related activities; transportation activities; recreation and
sports activities and sedentary behaviors. This question-
naire was translated to Persian and the measured data
were analyzed according to the GPAQ analysis Guide
[38] to calculate MET-hours per week values. Additional
information on age, education status, family history of
breast cancer, alcohol and tobacco use, age at menarche,
marital status, pregnancy history, parity, infertility treat-
ment, age at menopause, postmenopausal hormone
therapy, and contraceptive use were collected through
face-to-face interview.

Statistical methods

Energy-adjusted dietary fibers intake was calculated
using residual method [39]. Then, participants were cat-
egorized based on tertiles of dietary total fiber, soluble
and insoluble fiber, as well as fruits, vegetables, and nuts
fiber intake of healthy participants. We used one-way
ANOVA or t-test and x2 test to compare continuous and
categorical variables, across tertiles of dietary intakes,
respectively. To examine the association between dietary
intakes and odds of breast cancer, logistic regression
analysis was used in crude and multivariable adjusted
models. Participants’ age (continuous) and energy intake
were adjusted in the first model. Additional adjustments
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were done for educational level (un university/univer-
sity), parity (nulliparous, 1, 2-3, >4), oral contraceptive
use (yes vs. no), cigarette smoking (yes vs. no), alcohol
use (yes vs. no), marital status (married, unmarried),
physical activity (continuous, Met-h/w), family history
of breast cancer (yes vs. no), menopausal status (yes vs.
no) and BMI (continuous) in the second model. The ana-
lyzes were performed for whole study participants as well
as stratified by menopausal status. P values<0-05 were
considered statistically significant. All analyses were per-
formed by STATA version 14 (State Corp., College Sta-
tion, TX).

Results

In total, 464 cases (aged 45.9+10.3 years) and 498 con-
trols (aged 44.0+11.2 years) were entered into the cur-
rent analysis. The characteristics of study participants are
shown according to tertiles of total dietary fiber intake
in participants with and without cancer in Table 1. Par-
ticipants in the third tertile of dietary total fiber were
older (cases: 47.4 vs. 44.4 years, P=0.03; controls: 45.6
vs. 41.6 years, P<0.01) and more physically active (cases:
334 vs. 15.0 MET h/wk, P=0.0002; controls: 41.1 vs.
22.4, P<0.001) than those in the bottom tertile in both
case and control groups. Consumption of total dietary
fiber intake was significantly different among premeno-
pause and postmenopause women with breast cancer
(P=0.01). Healthy women in the highest tertile of total
dietary fiber intake used more oral contraceptives than
those in the lowest tertile (P=0.02). Higher intakes of
soluble, insoluble fiber and fiber from fruits, vegetables,
and legumes and lower intakes of cereal fiber were found
among patients and healthy women in the third tertile of
total fiber intake.

Multivariable logistic regression models and 95% Cls
were used to assess the association between dietary
total fiber, soluble fiber, insoluble fiber, as well as fiber
from fruits, vegetables, legumes, and cereals with odds
of having BC. There was a significant negative associa-
tion between dietary total fiber intake and odds of breast
cancer among the whole population (Highest vs. low-
est tertile: odds ratio (OR)=0.72; 95% confidence inter-
val (95%CI): 0.53-0.99, P4 = 0.04). Although no trend
toward significant association was observed between
breast cancer risk and insoluble fiber in the whole study
population in the crude model, after adjusting for con-
founder variables, individuals in the third tertile had a
lower odd of breast cancer than those in the bottom ter-
tile (Model 2: OR=0.68; 95% confidence interval (95%CI):
0.48-0.96, P4 = 0.03). Also, the chance for developing
breast cancer in the highest tertile of dietary fiber intake
from fruits was 33% lower compared to the lowest ter-
tile (Model 2: OR=0.67; 95%CI: 0.47-0.95, P,,..q = 0.02).
Women in the third tertile of fiber intake from vegetables
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Table 1 Participant characteristics according to tertiles of fiber intake among case and control
Tertiles of fiber in case p-value Tertiles of fiber in control P-value
T1(n=155) T2(n=155) T3 (n=154) T1(n=166) T2(n=166) T3 (n=166)

Age (years) 44.449.64 459+10.5 474+10.6 0.03 41.6+13.0 44.6+10.5 45.6+9.6 0.004
BMI (kg/m2) 27.8+45.1 28.0+5.5 28.3+4.9 0.73 282459 29.2+7.1 29.0+4.7 0.28
Physical activity (MET-h/week) 15.0+25.5 2114294 334+£57.3 0.0002 2244287 24.7432.1 4114615 0.0001
Age at menarche (years) 12.8+3.0 13.0+24 13.2+1.9 0.32 12.6+3.1 12.7+3.0 13.3+1.7 0.08
Menopausal status (%)

Premenopausal 114 (73.5) 105 (67.7) 90 (58.4) 0.01 109 (67.2) 4(69.5) 103 (62.4) 0.18

Postmenopausal 41 (26.4) 50(32.2) 64 (41.5) 51 (31.4) 50 (30.4) 62 (37.5)
Educational level (%)

Un university 136 (87.7) 127 (81.9) 128 (83.1) 033 133(83.1) 134 (82.2) 142 (86.5) 052

University 19(12.2) 28(18.0) 26 (16.8) 27 (16.8) 29(17.7) 22 (13.4)
Marital status (%)

Married 127 (81.9) 133 (85.8) 120 (77.9) 0.29 134 (80.7) 136 (81.9) 147 (88.5) 0.31

Unmarried/divorced/widowed 28(18.0) 22(14.2) 34(22.0) 24 (14.4) 24.(14.4) 34(22.0)
Family history of breast cancer (%) 7(10.9) 15(9.6) 15(9.7) 091 2 (1 2) 3(1.8) 2(1.2) 0.86
Oral contraceptive use (%) 82 (52.9) 89 (57.4) 72 (46.7) 0.45 4 (44.5) 88 (53.0) 96 (57.8) 0.02
Current smoker (%) 7 (4.5) 6 (3.8) 4(2.6) 0.65 1(6.9) 5(3.0) 9(54) 0.28
Alcohol use (%) 4(2.5) 3(1.9) 5(2.5) 0.76 2(7.5) 6(3.7) 11 (6.6) 0.31
Postmenopausal hormone use (%) 0 (0.0) 1 (0.65) 1 (0.65) 0.6 5 (2 0) 1(0.42)
Parity

Nulliparous/missing 57 (36.7) 78 (50.3) 65 (42.2) 0.09 80 (48.1) 64 (38.5) 69 (41.5) 017

1 16 (10.3) 11(7.1) ( 20(12.0) 17 (10.2) 4(84)

2-3 48 (30.9) 49 (31.6) 2(337) 49 (29.5) 1(30.7) 4(32.5)

>4 34(21.9) 17 (10.9) 22 (14.2) 17 (10.2) 34 (20.4) 29 (17.4)
Fiber (g/d) 22.14+6.14 3254240 45.6+8.68 <0.001 23.7+4.76 32.742.25 45.7+10.5 <0.001
Soluble fiber (g/d) 4474173 6.13+£1.38 7.81+2.65 <0.001 4554151 587+142 7.69+2.29 <0.001
Insoluble fiber (g/d) 8.93+347 12.3£2.66 16.6+£6.14 <0.001 9.10+£2.78 12.5+2.82 16.8+6.72 <0.001
Fiber from fruits (g/d) 6.67+4.45 12.8+4.16 20.4+8.36 <0.001 7.71£3.53 12.6+3.89 21.1+104 <0.001
Fiber from vegetables (g/d) 4.30+2.24 5.67+2.33 8.80+4.67 <0.001 4.64+2.10 6.03+2.34 8.34+5.64 <0.001
Fiber from legumes (g/d) 2.25+£197 3.074+2.43 5224528 <0.001 220+1.63 3.3542.33 5.31+6.67 <0.001
Fiber from cereal (g/d) 7.10£3.15 7.39+2.48 6.30+2.74 0.003 7.08+3.28 7.49+2.80 6.54+3.68 0.02

X2 Test for ordinal qualitative variables and ANOVA for continuous variables; Values are reported as mean * standard deviation, otherwise indicated

had a significantly lower odds of breast cancer compared
with those in the bottom tertile in crude and first mod-
els; however, we did not find such a significant associa-
tion in model 2. Furthermore, significant relationship was
observed between dietary soluble fiber, as well as, fiber
from legumes and cereals, and breast cancer (Table 2).
The stratified analysis revealed that premenopausal
women in the third tertile of dietary total fiber intake
had lower odds of breast cancer, compared with those
in the bottom tertile in the crude model (Table 3). Also,
this association remained significant when we adjusted
for further confounders in other models. Premenopausal
women in highest tertile of insoluble fiber and fiber
from fruits intake had also a lower risk of breast can-
cer compared with those in the first tertile, in model 1
(OR=0.65; 95%CI:0.43-0.96, P, 4 = 0.03 and OR=0.63;
95%CI1:0.42—0.94, P, .nq = 0.02, respectively). However,
after adjustment for further confounders this relationship
was disappeared. However, in this population, higher
intakes of dietary fiber from cereals were significantly

associated with a higher risk of breast cancer, either
before or after adjustment for confounders. Women in
the third tertile of fiber intake from cereals had an 84%
higher odds of developing breast cancer than those in the
lower tertile, in model 2 (OR=1.84; 95%CI: 1.18-2.86,
Pieng < 0.01, Table 3).

In postmenopausal women, there was a significant
inverse association between fiber from cereals and odds
of breast cancer, either before (Model 1: OR=0.49;
CI=0.28-0.85, Py,.nq = 0.009) and after adjustment for
potential confounders (Model 2: OR=0.56; 95%CI:
0.31-1.03, P,,.,q = 0.04). Also, the chance for developing
breast cancer in the highest tertile of dietary fiber intake
from vegetables was 45% lower compared to the lowest
tertile with a significant trend in the first model (Model
1: OR=0.53; 95%CIL: 0.30-0.94, P,...q = 0.03). But, after
adjustment for further confounders this association dis-
appeared. (Table 4).

We also checked and reported multivariable-adjusted
odds ratios and 95% Cls for breast cancer across tertiles
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Table 2 Odds ratios (ORs) and their corresponding confidence interval (Cl) for breast cancer according to tertile of fiber and sources of

fiber intake among whole population

OR (95% CI)

Tertile 1 Tertile 2 Tertile 3 Pirend
All women
Fiber
No.of cases/controls (464/498) 171/150 148/173 145/175
Crude 1.00 0.75(0.55-1.02) 0.72 (0.53-0.99) 0.04
Model 1 1.00 0.72 (0.52-0.99) 0.65 (0.47-0.90) 0.01
Model 2 1.00 0.79(0.56-1.12) 0.69 (0.48-0.97) 0.03
Soluble fiber
No.of cases/controls (464/498) 149/172 162/159 153/167
Crude 1.00 1.17 (0.86-1.60) 1.05 (0.77-1.44) 0.72
Model 1 1.00 1.19 (0.86-1.64) 0.95 (0.69-1.31) 0.80
Model 2 1.00 1.24 (0.88-1.76) 0.95 (0.67-1.35) 0.81
Insoluble fiber
No.of cases/controls (464/498) 162/159 163/158 139/181
Crude 1.00 1.01(0.74-1.37) 0.75(0.55-1.02) 0.07
Model 1 1.00 0.98 (0.71-1.35) 0.68 (0.49-0.93) 0.01
Model 2 1.00 0.95 (0.66-1.35) 0.68 (0.48-0.96) 0.03
Fiber from fruits
No.of cases/controls (464/498) 165/156 159/162 140/180
Crude 1.00 0.92 (0.68-1.26) 0.73 (0.53-1.00) 0.05
Model 1 1.00 0.91 (0.66-1.25) 0.68 (0.49-0.94) 0.02
Model 2 1.00 0.99 (0.70-1.40) 0.67 (0.47-0.95) 0.02
Fiber from vegetables
No.of cases/controls (464/498) 171/150 151/170 142/178
Crude 1.00 0.77 (0.57-1.06) 0.69 (0.51-0.95) 0.02
Model 1 1.00 0.77 (0.56-1.07) 0.66 (0.48-0.91) 0.01
Model 2 1.00 0.94 (0.66-1.33) 0.78 (0.55-1.10) 0.16
Fiber from legumes
No.of cases/controls (464/498) 170/151 144/177 150/170
Crude 1.00 0.72 (0.52-0.98) 0.78 (0.57-1.06) 0.12
Model 1 1.00 0.75 (0.54-1.03) 0.80 (0.59-1.10) 0.19
Model 2 1.00 0.76 (0.53-1.08) 0.84 (0.59-1.19) 0.36
Fiber from cereal
No.of cases/controls (464/498) 145/176 169/152 150/170
Crude 1.00 1.34 (0.98-1.84) 1.07 (0.78-1.46) 0.66
Model 1 1.00 1.52(1.09-2.12) 1.09 (0.79-1.50) 0.62
Model 2 1.00 1.63(1.13-2.33) 1.16 (0.82-1.63) 045

#Trend based on median values of each tertile
Model 1: adjusted for age and energy

Model 2: this model was additionally adjusted for physical activity, family history of breast cancer, menopausal status and BMI (continuous) for total participants

of fruits, vegetables, nuts, peanuts, almond, walnut, and
pistachio intake among the whole population (Table 5)
premenopausal (Table 6) and postmenopausal women
(Table 7). No significant association was observed in this
regard.

Discussion

Opverall, the effect of different types and sources of dietary
fiber and breast cancer etiology remains uncertain. Also,
data on the relationship between fiber consumption and
breast cancer are limited in Middle-Eastern countries and

most data are from Western nations. The present case-
control study showed that dietary total fiber intake and
more specifically insoluble, fruits’ and vegetable’ fiber
intakes were associated with reduced BC risk. Among
premenopausal women, a significant inverse association
between dietary total fiber, insoluble fiber, and fiber from
fruits and breast cancer was noted. In contrast, fiber from
cereals was associated with an increased odds of breast
cancer in premenopausal women. However, t in post-
menopausal women, vegetables’ and cereals’ fiber were
associated with lowered risk of breast cancer.
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Table 3 Odds ratios (ORs) and their corresponding confidence interval (Cl) for breast cancer according to tertile of fiber and sources of

fiber intake among premenopausal women

OR (95% CI) Pirend

Tertile 1 Tertile 2 Tertile 3
Premenopausal
Fiber
No.of cases/controls (309/326) 125/101 102/118 82/ 07
Crude 1.00 0.69 (0.48-1 ) 61 (0.41-0.91) 0.01
Model 1 1.00 0.68 (0.46-1 0.55(0.37-0.82) 0.004
Model 2 1.00 0.72 (047-1 ) 0.58 (0.37-0.92) 0.01
Soluble fiber
No.of cases/controls (309/326) 98/116 15/108 96/102
Crude 1.00 1.26 (0.86-1.83) 1(0.75-1.64) 0.56
Model 1 1.00 1.28 (0.87-1.90) 0.97 (0.65-1.45) 093
Model 2 1.00 41(0.91-2.18) 1.10(0.71-1.72) 063
Insoluble fiber
No.of cases/controls (309/326) 114/114 113/99 82/113
Crude 1.00 1.14 (0.78-1.65) 0.72 (0.49-1.06) 0.12
Model 1 1.00 1.14 (0.77-1.69) 0.65 (0.43-0.96) 0.03
Model 2 1.00 1.15(0.74-1.78) 0.69 (0.44-1.07) 0.10
Fiber from fruits
No.of cases/controls (309/326) 118/106 106/11 85/110
Crude 1.00 0.86 (O 59-1.25) 0.69 (0.47-1.02) 0.06
Model 1 1.00 0.88 (0.59-1.31) 0.63 (0.42-0.94) 0.02
Model 2 1.00 0.97 (0.63-1.49) 0.67 (0.43-1.04) 0.08
Fiber from vegetables
No.of cases/controls (309/326) 118/109 100/11 91/106
Crude 1.00 0.83 (O 57-121) 0.79 (0.54-1.16) 0.22
Model 1 1.00 0.82 (0.55-1.21) 0.72 (0.48-1.07) 0.17
Model 2 1.00 1.06 (0.69-1.63) 0.93 (0.60-1.45) 0.79
Fiber from legumes
No.of cases/controls (309/326) 117/104 94/108 98/114
Crude 1.00 0.77 (0.52-1.13) 0.76 (0.52-1.11) 0.16
Model 1 1.00 0.82 (0.55-1.22) 0.81(0.55-1.19) 03
Model 2 1.00 0.80 (0.52-1.25) 0.83(0.54-1.28) 043
Fiber from cereal
No.of cases/controls (309/326) 86/121 15/107 108/98
Crude 1.00 1(1.03-2.21) 1.55 (1.05-2.28) 0.02
Model 1 1.00 1.92(1.27-2.89) 1.69 (1.14-2.53) 0.01
Model 2 1.00 1.94 (1.23-3.06) 1.84(1.18-2.86) 0.009

#Trend based on median values of each tertile
Model 1: adjusted for age and energy

Model 2: this model was additionally adjusted for physical activity, family history of breast cancer, menopausal status and BMI (continuous) for total participants

We found that fiber intake was significantly associ-
ated with reduced odds of breast cancer in the whole
study population. Two previous case-control studies have
reported inverse association between fiber intake and risk
of breast cancer [40, 41]. In a study of Uruguayan women,
dietary fiber was associated with a strong reduction in
the risk of breast cancer with a significant dose-response
pattern [40]. Some biological mechanisms have been
explained for the beneficial effects of dietary fiber on
breast cancer risk. Indirectly, fiber may decrease the risk
of breast cancer by controlling blood sugar and lowering

levels of insulin resistance [42]. In addition, dietary fiber
inhibits the colonic B-D-glucuronidase activity by chang-
ing the composition of intestinal microbiota [43] and also
may increase serum concentrations of sex hormone-
binding globulin (SHBG) [44]; therefore, deconjugation
and reabsorption of estrogen are reduced [45]. Thereby,
dietary fiber may reduce circulating levels of estrogen
and incidence of breast cancer. As a result, dietary fiber
promotes cell apoptosis, thereby prevents the develop-
ment of cancer [46]. The total fiber intake was not associ-
ated with breast cancer risk in the Nurses’ Health Study
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Table 4 Odds ratios (ORs) and their corresponding confidence interval (Cl) for breast cancer according to tertile of fiber and sources of

fiber intake among postmenopausal women

OR (95% CI) Pirend
Tertile 1 Tertile 2 Tertile 3
Postmenopausal
Fiber
No.of cases/controls (155/163) 46/43 46/54 63/66
Crude 1.00 0.79 (0.44-1.41) 0.89(0.51-1.53) 0.73
Model 1 1.00 0.77 (043-1.38) 0.89(0.51-1.53) 0.74
Model 2 1.00 0.72(0.37-1.37) 0.57 (0.31-1.05) 0.07
Soluble fiber
No.of cases/controls (155/163) 51/51 47/48 57/64
Crude 1.00 0.97 (0.55-1.71) 0.89 (0.52-1.50) 0.66
Model 1 1.00 0.96 (0.54-1.69) 0.88 (0.51-1.50) 0.64
Model 2 1.00 0.97 (0.51-1.81) 0.72 (0.40-1.30) 0.27
Insoluble fiber
No.of cases/controls (155/163) 48/39 50/57 57/67
Crude 1.00 0.71 (0.40-1.25) 0.69 (0.39-1.19) 0.20
Model 1 1.00 0.69 (0.38-1.23) 0.69 (0.40-1.21) 0.22
Model 2 1.00 0.64 (0.34-1.22) 0.62(0.33-1.15) 0.15
Fiber from fruits
No.of cases/controls (155/163) 47/46 53/50 55/67
Crude 1.00 1.03 (0.59-1.81) 0.80 (0.46-1.37) 04
Model 1 1.00 0.98 (0.55-1.74) 0.79 (0.46-1.37) 0.39
Model 2 1.00 1.01 (0.54-1.91) 0.71 (0.39-1.28) 0.23
Fiber from vegetables
No.of cases/controls (155/163) 53/39 51/56 51/68
Crude 1.00 0.67(0.38-1.17) 0.55 (0.31-0.95) 0.03
Model 1 1.00 0.64 (0.36-1.14) 0.53 (0.30-0.94) 0.03
Model 2 1.00 0.72(0.37-1.37) 0.57 (0.31-1.05) 0.07
Fiber from legumes
No.of cases/controls (155/163) 53/45 50/64 52/54
Crude 1.00 0.66 (0.38-1.14) 0.81(047-1.41) 049
Model 1 1.00 0.61 (0.34-1.08) 0.82 (0.46-1.44) 0.54
Model 2 1.00 0.64 (0.34-1.21) 0.85 (0.46-1.58) 0.87
Fiber from cereal
No.of cases/controls (155/163) 59/50 54/43 42/70
Crude 1.00 1.06 (0.61-1.84) 0.50 (0.29-0.86) 0.01
Model 1 1.00 1.00 (0.56-1.81) 0.49 (0.28-0.85) 0.009
Model 2 1.00 1.37 (0.71-2.64) 0.56 (0.31-1.03) 0.04

#Trend based on median values of each tertile
Model 1: adjusted for age and energy

Model 2: this model was additionally adjusted for physical activity, family history of breast cancer, menopausal status and BMI (continuous) for total participants

[47]. Deschasaux, M et al. also confirmed the lack of an
overall association between the intake of dietary fiber
and breast cancer risk in a cohort study [48]. This study
also mentioned that the reason for not observing any
relationship between total dietary fiber and breast can-
cer risk might be the lack of statistical power, and insuf-
ficient contrast between compared quartiles of dietary
fiber intake [48]. The differences between the results of
these studies and the current study may be explained by
the importance of specific fiber fractions rather than total
fiber intake, the genetic variations of study populations,

and the differences in the intake of dietary components,
such as spices and herbs that contain anticancer agents
[49, 50].

It is mentioned that the effect of dietary fiber on breast
cancer could differ based on the type of dietary fiber [51].
Dietary fibers generally are grouped in two main com-
ponents (soluble and insoluble fiber) based on chemical
composition [52]. Most plants contain both soluble and
insoluble fiber, but in different amounts [53]. Soluble fiber
dissolves in water like plant pectin and gums; while insol-
uble fiber doesn’t dissolve in water like plant cellulose
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Table 5 Odds ratios (ORs) and their corresponding confidence interval (Cl) for breast cancer according to tertile of fruits, vegetables

and nuts among whole population

OR (95% Cl) Pirend

Tertile 1 Tertile 2 Tertile 3
All women
Fruits
No.of cases/controls (464/498) 162/159 148/173 154/166
Crude 1.00 0.83(0.61-1.14) 0.91 (0.66-1.24) 0.55
Model 1 1.00 0.83 (0.60-1.15) 0.84 (0.61-1.16) 0.30
Model 2 1.00 0.88 (0.62-1.25) 0.81(0.57-1.15) 0.24
Vegetables
No.of cases/controls (464/498) 155/166 162/159 147/173
Crude 1.00 1.09 (0.80-1.48) 0.91 (0.66-1.42) 0.55
Model 1 1.00 1.10 (0.80-1.51) 0.86 (0.63-1.18) 037
Model 2 1.00 1.15(0.82-1.63) 0.92 (0.65-1.30) 0.66
Nuts
No.of cases/controls (464/498) 162/159 144/17 158/162
Crude 1.00 0.79 (O 58-1.08) 0.95(0.70-1.30) 0.78
Model 1 1.00 0.85(0.61-1.20) 1.03 (0.74-1.43) 0.76
Model 2 1.00 0.90 (0.62-1.31) 1.05 (0.74-1.51) 0.70
Peanuts
No.of cases/controls (463/497) 150/170 155/16 158/162
Crude 1.00 1.06 (O 78-145) 1.10 (0.81-1.50) 0.52
Model 1 1.00 1.25(0.85-1.83) 1.30 (0.90-1.87) 0.19
Model 2 1.00 1.32(0.88-1.99) 141 (0.95-2.10) 0.10
Almond
No.of cases/controls (462/496) 158/162 157/16 147/172
Crude 1.00 0.99 (O 72-1.35) 0.87 (0.64-1.19) 040
Model 1 1.00 1.06 (0.72-1.56) 0.92 (0.62-1.36) 0.56
Model 2 1.00 1.02 (0.67-1.54) 0.86 (0.56-1.31) 040
Walnut
No.of cases/controls (461/494) 158/161 155/16 148/170
Crude 1.00 0.96 (O 71-1.32) 0.88 (0.64-1.21) 045
Model 1 1.00 01 (0.73-1.40) 0.85(0.62-1.18) 0.34
Model 2 1.00 0.99 (0.69-1.40) 0.73(0.51-1.03) 0.07
Pistachio
No.of cases/controls (464/498) 160/161 153/16 151/169
Crude 1.00 (O 67-1.24) 0.89 (0.65-1.22) 0.50
Model 1 1.00 1.04(0.71-1.52) 1.01 (0.69-1.47) 0.97
Model 2 1.00 1.08 (0.72-1.64) 1.02 (0.67-1.53) 0.98

#Trend based on median values of each tertile
Model 1: adjusted for age and energy

Model 2: this model was additionally adjusted for physical activity, family history of breast cancer, menopausal status and BMI (continuous) for total participants

and hemicellulose [52]. In the present study, the intake of
insoluble fiber was associated with lower odds of breast
cancer after adjustment for several confounders in the
whole study population but this association was not sig-
nificant for dietary soluble fiber. A systematic review and
meta-analysis of prospective studies demonstrated that
high consumption of total fiber, soluble and insoluble
fiber were associated with a reduced risk of breast can-
cer. Also, similar association was found for dietary total
fiber in pre and postmenopausal women [21]. While this
finding was not consistent with our findings for soluble

fiber as well as for women with postmenopausal breast
cancer. The gelatinous environment obtained from solu-
ble fiber, especially with high viscosity, reduces the time
of gastrointestinal emptying, digestion and thus absorp-
tion after consumption [54]. Estrogens are conjugated in
the liver and estrogen metabolites are excreted in the bile
[55]. Approximately 80% of the estrogen present in the
intestinal tract is decongested by microbiome enzymes
and reabsorbed [44]. Therefore, the mechanism by which
the soluble fiber modulates blood estrogen concentra-
tions is likely the reduction of estrogen reabsorption and
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Table 6 Odds ratios (ORs) and their corresponding confidence interval (Cl) for breast cancer according to tertile of fruits, vegetables

and nuts among premenopausal women

OR (95% CI) Pirend
Tertile 1 Tertile 2 Tertile 3
Premenopausal
Fruits
No.of cases/controls (309/326) 119/110 97/117 93/99
Crude 1.00 0.76 (0.52-1.11) 0.86 (0.59-1.27) 043
Model 1 1.00 0.78 (0.52-1.15) 0.77 (0.52-1.15) 0.20
Model 2 1.00 0.83 (0.54-1.28) 0.79(0.51-1.23) 03
Vegetables
No.of cases/controls (309/326) 120/124 99/95 90/107
Crude 1.00 1.07(0.73-1.57) 0.86 (0.59-1.26) 049
Model 1 1.00 1.07 (0.72-1.58) 0.80 (0.54-1.18) 0.29
Model 2 1.00 1.11(0.72-1.70) 0.90 (0.59-1.38) 0.69
Nuts
No.of cases/controls (309/326) 108/98 96/122 105/106
Crude 1.00 0.71(0.48-1.04) 0.89(0.61-1.31) 0.59
Model 1 1.00 0.81(0.53-1.25) 1.01 (0.67-1.52) 0.84
Model 2 1.00 0.84 (0.53-1.34) 1.06 (0.67-1.66) 0.71
Peanuts
No.of cases/controls (308/325) 110/114 99/101 99/110
Crude 1.00 1.01 (0.69-1.48) 0.93 (0.63-1.36) 0.72
Model 1 1.00 1.27 (0.79-2.04) 1.11(0.71-1.73) 0.77
Model 2 1.00 1.46 (0.87-2.45) 1.20 (0.74-1.94) 0.61
Almond
No.of cases/controls (307/324) 114/110 102/106 91/108
Crude 1.00 0.92 (0.63-1.35) 81(0.55-1.19) 0.29
Model 1 1.00 1.07 (0.66-1.73) 0.89 (0.55-1.44) 0.54
Model 2 1.00 1.10 (0.65-1.84) 0.85 (0.51-1.44) 045
Walnut
No.of cases/controls (307/323) 112/110 105/10: 90/105
Crude 1.00 095 (O 65-1.39) 0.84 (0.57-1.23) 038
Model 1 1.00 1.03 (0.69-1.53) 0.82(0.55-1.22) 0.35
Model 2 1.00 0.97 (0.62-1.50) 0.66 (0.42-1.02) 0.06
Pistachio
No.of cases/controls (309/326) 115/108 104/10 90/109
Crude 1.00 0.89 (O 61-1.30) 0.77 (0.52-1.13) 0.19
Model 1 1.00 1.07 (0.67-1.70) 0.94 (0.59-1.49) 0.73
Model 2 1.00 1.16 (0.69-1.94) 0.93 (0.55-1.55) 0.66

#Trend based on median values of each tertile
Model 1: adjusted for age and energy

Model 2: this model was additionally adjusted for physical activity, family history of breast cancer, menopausal status and BMI (continuous) for total participants

its hepatic intestinal circulation. Also these components
of dietary fiber combine with harmful and carcinogenic
substances in the gut and promote their discharge and
decomposition [56]. Insoluble fiber can promote the
production of short-chain fatty acids (SCFAs) by bacte-
rial fermentation in the colon [57]. Studies have found
that SCFAs are associated with reduced tumor develop-
ment [57]. Furthermore, insoluble fibers can promote the
growth of probiotics and inhibit the growth of pathogenic
bacteria, thereby inhibiting production of carcinogens
and promoting their decomposition in the intestine [56].

In this study, we also checked the association between
food groups containing fiber including fruits, vegetables,
nuts, peanuts, almond, walnut and pistachio and BC.
In this study, no significant relationship was observed
between these food groups and breast cancer in the
whole population as well as pre- and post- menopausal
women. Kazemi A et al., conducted a systematic review
and meta-analysis of prospective studies for the asso-
ciation of various food groups and risk of breast cancer.
This study showed that high intakes of vegetables and
fruits were associated with lower risks of breast cancer
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Table 7 Odds ratios (ORs) and their corresponding confidence interval (Cl) for breast cancer according to tertile of fruits, vegetables

and nuts among postmenopausal women

OR (95% Cl)

Tertile 1 Tertile 2 Tertile 3 Pirend
Postmenopausal
Fruits
No.of cases/controls (155/163) 43/46 51/53 61/64
Crude 1.00 1.02 (0.58-1.81) 1.01 (0.59-1.75) 0.95
Model 1 1.00 0.99 (0.56-1.76) 1.02 (0.59-1.77) 093
Model 2 1.00 1.12 (0.60-2.08) 0.96 (0.53-1.74) 0.87
Vegetables
No.of cases/controls (155/163) 35/41 63/59 57/63
Crude 1.00 1.25(0.70-2.22) 1.05(0.59-1.88) 0.93
Model 1 1.00 1.24 (0.69-2.23) 1.06 (0.59-1.89) 092
Model 2 1.00 1.34 (0.70-2.56) 1.04 (0.55-1.94) 0.96
Nuts
No.of cases/controls (155/163) 54/59 48/53 53/51
Crude 1.00 0.98 (0.57-1.69) 1.13(0.66-1.93) 0.64
Model 1 1.00 0.93 (0.52-1.66) 1.07 (0.61-1.86) 0.81
Model 2 1.00 1.03 (0.55-1.93) 1.08 (0.59-1.99) 0.78
Peanuts
No.of cases/controls (155/163) 40/53 56/62 59/48
Crude 1.00 1.19 (0.69-2.06) 1.62 (0.93-2.85) 0.08
Model 1 1.00 1.27 (0.66-2.46) 1.77 (0.90-3.46) 0.08
Model 2 1.00 1.19(0.58-2.47) 1.81 (0.85-3.81) 0.09
Almond
No.of cases/controls (155/163) 44/48 55/54 56/61
Crude 1.00 1.11 (0.63-1.93) 1.00 (0.57-1.73) 097
Model 1 1.00 1.01(0.51-1.98) 0.88(0.43-1.81) 0.68
Model 2 1.00 0.84 (041-1.75) 0.69(0.32-1.51) 034
Walnut
No.of cases/controls (154/162) 46/48 50/52 58/62
Crude 1.00 1.00 (0.57-1.75) 0.97 (0.56-1.67) 092
Model 1 1.00 0.97 (0.54-1.73) 0.92 (0.53-1.59) 0.77
Model 2 1.00 0.97 (0.51-1.83) 0.85 (0.46-1.55) 0.93
Pistachio
No.of cases/controls (155/163) 45/51 49/55 61/57
Crude 1.00 1.00 (0.57-1.76) 1.21 (0.70-2.08) 046
Model 1 1.00 1.00 (0.52-1.93) 1.19 (0.62-2.29) 0.52
Model 2 1.00 0.93 (0.45-1.91) 1.11 (0.55-2.27) 0.68

#Trend based on median values of each tertile
Model 1: adjusted for age and energy

Model 2: this model was additionally adjusted for physical activity, family history of breast cancer, menopausal status and BMI (continuous) for total participants

while no significant association was observed for nuts
intake [18]. However, a case-control study found that the
high consumption of peanuts, walnuts, or almonds sig-
nificantly reduced the risk for breast cancer by 2—3 times
[58]. Also in another study, it was shown that the pista-
chio kernel extract beneficially affects the proliferation of
breast cancer cells [59]. A large number of recent stud-
ies stated that nuts alter lipid metabolism by reducing the
ingestion of low-density lipoprotein (LDL) and elemen-
tary fatty acids, thereby lowering cholesteryl ethers in
cancer cells [28]. The antioxidant components (bioactive

molecules) present in nuts [60] can induce apoptosis [61],
reduce oxidative DNA damage [28] and proliferation of
MCE-7 cells [29]. But in general, studies on the relation-
ship between nuts and occurrence of breast cancer are
low and more studies are needed.

When we reanalyzed the results based on menopausal
status, a significant association was observed between
dietary total fiber, insoluble fiber, fiber from fruits and
fiber from cereals and risk of breast cancer among pre-
menopausal women. Unlike insoluble fiber and fiber
from fruits, cereal fiber increased the odds of breast
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cancer in premenopausal women. In contrast, UK Wom-
en’s Cohort Study found that fiber from cereals has a pro-
tective effect against breast cancer in pre-menopausal
women [62]. Contamination of cereals with the myco-
toxin Zearalenone may explain our findings. Zearalenone
(ZEA) is a mycotoxin with high estrogenic activity which
commonly contaminates cereals worldwide [63, 64]. This
toxin promotes breast cancer cell growth, DNA synthe-
sis, cell cycle progression and also altered expression of
several genes related with breast cancer [65]. Claeys et
al. suggested the possible link of ZEA and its metabo-
lites with breast cancer from epidemiological studies
[66]. A case-control study also reported the association
between urinary ZEA concentrations and breast cancer
risk (adjusted OR=1.54, 95% CI=1.10-2.77) [67]. There
is some evidence that cereals consumed in Iran are also
exposed to ZEA contamination. A study in Tehran with
72 samples of rice, bread, puffed corn snack and wheat
flour, detected ZEA contamination in cereals [68]. Fur-
thermore, another study confirmed the occurrence of
ZEA in Iranian maize [69]. Although the amount of ZEA
contamination was lower than the maximum permis-
sible level in Iran, it was higher than similar studies from
other regions [70]. Since the cereals are ranked as the
first group of foods consumed in Iran and many coun-
tries [71], ZEA intake may exceed the standard amount
and as a xenoestrogen would increase the estrogenic bur-
den and risk of breast cancer. It should be noted that the
toxin is resistant to heating and not disappear during the
cooking process [72]. On the other hand, cereals are high
GL foods because they contain 50-80% carbohydrates
by weight. Several studies have explored the connection
between high carbohydrate intake, especially simple car-
bohydrates, and breast cancer, due to a synergistic effect
of insulin resistance and high GL [73]. This could explain
why premenopausal women who consume more cereal
fiber have a higher risk of breast cancer.

We found a protective association between dietary
fibers intake and breast cancer in postmenopausal
women. Consistent with this analyzes, another study
was conducted by Lubin et al. found higher intake of
total fiber decreased the risk of breast cancer in the
younger age group, while in the 50-or-over age category
the trend was inconsistent [41]. In contrast, a random-
effects meta-analysis of prospective observational studies
conducted by Farvid et al. demonstrated that high total
fiber consumption was associated with a reduced risk of
both premenopausal and postmenopausal breast cancer
separately while this association was stronger in pre-
menopausal women [21]. The high levels of estradiol can
induce the expression of estrogen receptor (ER) in the
mammary tissues which affects the cancer cell behavior
[74]. Estrogen motivates mammary cell proliferation by
regulating the expression of BRCA1 gene [75]. Because
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circulating estrogen levels play a role in breast cancer,
differences in the source of estrogen secretion before and
after menopause may explain different findings in pre-
and postmenopausal women in this study. In premeno-
pausal women, the main sources of estradiol are ovaries
while in postmenopausal women estrogen production
by the ovaries is stopped and instead, it is produced as a
paracrine factor in a number of extragonadal sites includ-
ing mesenchymal cells of adipose tissue, osteoblasts and
chondrocytes of bone, the vascular endothelium and aor-
tic smooth muscle cells, and numerous sites in the brain
[76]. Therefore, circulating estrogen levels in postmeno-
pausal women, unlike premenopausal women, do not
stimulate estrogen action, because in these cases circu-
lating estrogen originates from areas outside the gonads
and act locally [76]. On the other hand, dietary interven-
tions aimed to reduce serum estradiol levels, have been
suggested as a method of preventing breast cancer [77].
Dietary fibers reduce deconjugation and reabsorption of
estrogen [45]. However, this beneficial effect of dietary
fiber can especially reduce endocrine secretion of estro-
gen in premenopausal women by lowering the circulating
estrogen and then reduce the risk of breast cancer. Since
the total level of circulating estrogen drops significantly
after menopause, the effect of dietary fiber on estrogen
may be more pronounced in premenopausal women than
in postmenopausal women.

The current study assessed the link between breast
cancer with all fiber sources as well as fiber types by a
comprehensive analysis. We also performed subgroup
analysis based on the menopausal status and considered
a wide range of potential confounders. This case-control
study has a large sample size compared to similar stud-
ies conducted in the Middle East. However, after sub-
group analyses, there was a lack of statistical power for
the magnitude of the observed association. Our study has
the potential for inherent recall and selection bias due
its case-control design, which can restrict us inferring
causality. In addition, due to the use of FFQ for dietary
assessment, there is a possibility of misclassification of
participants in terms of dietary fiber intake. Also, in such
designs, it is not possible to check the causal relationship.
Another limitation of the study is the possibility of the
effect of the outcome of interest on the usual diet of the
participants in the case group. The presence of residual
confounding variables is also possible.

Conclusion

Our findings demonstrated an inverse association
between total dietary fiber, fiber from fruits and fiber
from vegetables with odds of breast cancer in the whole
population. In addition, we found a significant associa-
tion between dietary insoluble fiber and lower odds of
breast cancer in the total and premenopausal women.
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However, this relationship was not significant for the
soluble fiber intake. Based on our results, the intake fiber
from fruits reduced the occurrence and fiber from cereals
increased the risk of BC among premenopausal women.
In postmenopausal women, fiber intake from vegetables
and cereals had a protective association with odds of
breast cancer. Further prospective studies are needed to
examine the association between the sources of dietary
fiber and fiber types with the risk of breast cancer based
on menopausal status.
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