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INTRODUCTION

Breast cancer (BC) is one of the most common types of ma-
lignancies in women worldwide [1]. The incidence of BC has 
been increasing in several developing countries over the past 
few years including that among the Iranian women [2,3]. Epi-
demiologic studies implicate Western diet and the cultural 
transition toward Westernization of diet as plausible etiologic 
reasons for increased disease incidence [4]. However, there is 
controversy concerning the dietary components that should 

be reduced and the dietary modification that might contribute 
to the reduction of BC risk. 

The findings of the European Prospective Investigation into 
Cancer and Nutrition cohort study suggested inverse associa-
tions between fruit and vegetable intake and BC risk [5]. Ac-
cordingly, other cohort studies similarly supported the protec-
tive role of vegetable intake and BC risk among women [6]. The 
risk of female breast carcinoma in association with the con-
sumption of Allium vegetables was denoted in the Netherlands 
cohort study on diet and cancer, whereas a French epidemio-
logic study showed that higher onion intake as the most often 
consumed Allium vegetable was significantly correlated with a 
lower risk of BC [6-8]. However, there are rare and inconsistent 
results within most observational studies, indicating inverse 
associations between the intake of onion or other Allium vege-
tables and the risk of BC. 

The anticancer effects of Allium vegetables are attributable 
to various organosulfur compounds [8]. Several studies 
showed that onion is the richest dietary source of quercetin 
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[9]. Quercetin and other flavonoids are biologically active 
components with promising anticancer properties. Vitamin C 
is an active antioxidant rich in onion and other Allium vegeta-
bles [10]. Inulin and other oligofructoses are present in mis-
cellaneous edible fruit and vegetables such as wheat, onion, 
garlic, and leeks [11]. There are many possible mechanisms 
through which dietary factors with prebiotic properties may 
play a protective role against the development of BC including 
the alteration of estrogen metabolism, as well as the antiprolif-
erative and antioxidant effects [11]. In vitro and animal studies 
have shown that butyrate can regulate cell proliferation, and it 
is also capable of inducing differentiation and apoptosis in 
transformed tumor cells [11]. 

Although the protective role of Allium vegetables, particu-
larly garlic and onion are often reported against gut-related 
malignancies [12]. Objectively, the possibility of such an asso-
ciation remains a preliminary question to be resolved. The 
common use of fresh and raw Allium vegetables in the Iranian 
diet provides an exceptional opportunity to understand the 
possible connection between fresh Allium consumption and 
BC risk. However, in humans, the evidence on whether Allium 
vegetables as prebiotic containing foods can prevent the de-
velopment of BC is limited, which is overlooked and also de-
tailed in experimental studies [12,13]. Hence, the aim of the 
present hospital-based matched case-control study was to as-
sess the association of dietary status of prebiotic containing 
foods with BC risk among Iranian women in northwest Iran.

METHODS

Study subjects
The present hospital-based case-control study was conduct-

ed from January 2012 to June 2013 at the private Shams Hos-
pital in Tabriz, northwest Iran. In a consecutive case series, 
310 eligible newly diagnosed BC participants were recruited 
from inpatient women who had been admitted to the surgery 
ward of the hospital [14]. They underwent partial or radical 
mastectomy. Of the 310 women, 285 were eventually histo-
pathologically confirmed to have BC (grade II, III or clinical 
stage II, III, with invasive ductal carcinoma). The inclusion cri-
teria were as follows: age of 25 to 65 years; no prior history of 
histologically confirmed malignancies; no previous history of 
cancer; no history of cystic abnormalities or benign breast 
disease; not a pregnant, postpartum, or breastfeeding mother 
(at the time of inclusion); following a specific dietary habit 
(vegetarian); not having disorders of polycystic ovary syn-
drome and chronic inflammatory disorders (colitis, gastritis, 
multiple sclerosis, lupus erythematosus, and severe rheumatol-
ogic disorders). The exclusion criteria were chronic use of 

methotrexate, sulfasalazine, anticonvulsants, and contracep-
tive drugs, and a body mass index (BMI) > 45 kg/m2. History 
of benign tumors and not completing the interview (n= 25) 
were the main reasons for excluding some of the BC cases 
(n= 285). A written consent form was signed before the com-
pletion of the questionnaire by each participant who was as-
signed to either of the case or control groups. The study was 
approved by the Institutional Review Board of the Tabriz Uni-
versity of Medical Sciences (ethics number: 5/4/644). In add-
ition, Tabriz is the capital city of Eastern-Azerbaijan, one of 
the crowded cities of northwest Iran. The Shams Hospital is a 
private hospital and one of the major referral centers for BC 
surgery from the neighboring provinces, including Ardabil, 
Western-Azerbaijan, Hamadan, and Kurdistan. Therefore, the 
residence statuses were matched between the cases and con-
trols during study sampling. In parallel, 310 patients hospital-
ized at the same hospital for nonneoplastic diseases were con-
sidered eligible as the control group. Controls were matched 
to cases in a frequency of 1:1 based on age at diagnosis (5-year 
interval) and their residence statuses (rural/urban and/or 
province). Controls were chosen at the same seasonal time to 
avoid information bias regarding to seasonal changes. In this 
respect, the 5-year age interval was defined to improve the 
rate of sampling in the control group and matching perfor-
mance for controls. The inclusion criteria for the participants 
of the control group were as follows: no prior history of ma-
lignancies and benign neoplasms, the will to participate in the 
study; not pregnant, postpartum, and breastfeeding mother; 
following a vegetarian diet and not affected by chronic inflam-
matory disorders (colitis, gastritis, multiple sclerosis, lupus er-
ythematosus, and severe rheumatologic disorders). 

The patients in both groups were interviewed face to face by 
two trained interviewers to complete a structured question-
naire on demographics (age, residence status, marital status, 
education level, and occupation); reproductive history, hor-
mone use, family history of BC, and physical activity level. 
The body weight and height were self-reported at the time of 
the interview. Subsequently, the BMI was calculated as the 
body weight in kilograms divided by squared height in meters 
(kg/m2). The World Health Organization defined a BMI of 25 
to 29.9 kg/m2 as overweight, and a BMI > 29.9 kg/m2 as obese. 
Relevant medical information and histological findings were 
obtained from the hospital medical records.

 
Dietary assessment 

Dietary data were collected using a detailed interviewer-ad-
ministered food frequency questionnaire (FFQ) with 136 food 
items that were validated in our previous reports to contain 
certain nutrients [15-17]. The intake frequency of each specific 
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food item of Allium vegetables was asked to be defined as daily, 
weekly, monthly, and yearly. The frequency was multiplied by 
the intake measured in a regular household utensil in order to 
calculate the average daily intake of each Allium vegetable 
(g/day). Finally, standard reference values were used to convert 
the household portions to a unique unit of grams for each 
food [18]. The FFQ questionnaire was planned to record the 
consumptions of the previous year. Certain portion sizes were 
used for each food item to facilitate the conception of the 
amounts. The list of Allium vegetables present in the FFQ in-
cluded the onion (cooked and raw), spring onion, watercress, 
cooked leek, local fresh green leaf of leak, garlic, and fresh 
leaves of garlic. When a food item from Allium group was con-
sumed by more than 15% of study population, it was included 
in the present list of Allium vegetables. A set of color photo-
graphs showing fruits, vegetables, breads, and cereals was also 
used. In addition, the customary household utensils were con-
sidered to represent the average portion size for the other food 
items in order to minimize the interindividual variations. Sea-
sonal variations of fruit and vegetables were also included in 
the statistical calculations. Moreover, a 3-day 24-hour dietary 
record was also used to test the accuracy of the data measured 
for dietary intake. In addition to the Allium vegetables, the di-
etary intake of other food items was included in the Nutrition-
ist software IV for each participant version 3.5.2 (N-Squared 
Computing, San Bruno, USA) to calculate the estimated in-
take of total calories, macronutrients, and fiber. 

Moreover, we analyzed two alternate categories based on 
consumption; consumers compared to the total population 
that included both the consumers and nonconsumers. There-
fore, both classifications could predict the risk of exposure to 
food items that could increase disease susceptibility. Indeed, 
the main reason for performing the analyses in two distinct 
groups involving (1) the total population (cumulative data 
consisting of the consumers and nonconsumers) and (2) con-
sumers of each food item separately, was to account for the 
probable skewness that could likely be introduced by the total 
population of women with BC who did not have any dietary 
intake of certain Allium vegetables. The estimates showed that 
27% of the BC patients had not consumed one of the Allium 
food items, whereas the dietary habits of 20% of the controls 
did not contain one item out of all the Allium vegetables. 

Statistical analysis
All statistical analyses were performed using the SPSS soft-

ware 13.0 (SPSS Inc., Chicago, USA). The Kolmogorov-
Smirnov test for the analysis of histograms was used to exam-
ine the normal distribution of continuous quantitative vari-
ables in subgroups, and box plots were generated to remove 

the outliers. When the data distribution was not normal, loga-
rithm transformations of the data were conducted. If the data 
was still not normally distributed, the Mann-Whitney U-test 
was applied. Otherwise, the independent samples t-test was 
performed to compare the continuous variables between the 
case and control groups. The Pearson chi-square test was per-
formed for categorical variables in association with BC devel-
opment. The tertile stratification of dietary variables was un-
dertaken based on the data available for the control popula-
tion. Unconditional logistic regression analysis was performed 
to calculate the odds ratios (OR) and the corresponding 95% 
confidence intervals (CI) using the lowest quartile group as 
reference. Multivariate conditional logistic regression analysis 
was performed to include the related potential confounding 
factors in the adjusted models. All p-values were two-tailed 
and a p-value < 0.05 was considered statistically significant.

RESULTS

The general characteristics of 285 participants with BC in 
the case group and 297 age and region-matched hospital-
based controls are demonstrated in Table 1. The mean age at 
diagnosis of BC patients was higher than the ages of the par-
ticipants in the control group (46.4± 10.2 years vs. 41.4± 9.6 
years, respectively; p< 0.001). The frequency of > 2 live child-
births was estimated to be higher in the BC group compared to 
that of the control group (p= 0.008). Postmenopausal women 
were frequently observed in the BC group (p< 0.001). Higher 
intakes of total calories, dietary fat, and fiber were frequently 
observed among the cases rather than the controls (p< 0.001). 
Therefore, these independent physiologic and dietary vari-
ables were considered as covariates in the multivariate logistic 
regression analyses. 

The average intake levels of Allium foods for the cases and 
controls are demonstrated in Table 2. Leek consumption was 
significantly higher in the controls (2.4± 2.3 g/day) than that in 
the cases (1.8± 2.0 g/day) for the total population (p= 0.032), 
and similar results were obtained in the consumer population 
(p= 0.010) and stratum of menopausal status (p= 0.001). Par-
ticipants in the case group consumed a higher amount of ei-
ther variable of total (p= 0.043) or cooked onion (p= 0.045) 
compared to the controls in the total population. The mean 
daily consumption of garlic was also estimated to be higher in 
the control group that in the case group in the consumer pop-
ulation (p= 0.043). The postmenopausal women with BC had 
a lower consumption of raw onion compared to the women in 
the control population (p= 0.027). 

The association between the consumption of Allium vegeta-
bles (categorized variables based upon tertiles) and the risk of 
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BC among both the cases and controls are demonstrated in 
Table 3 for the total population of consumers and noncon-
sumers and in Table 4 only for the population of consumers 
for each Allium vegetable. Although the findings from the 
present study showed that the consumption of raw onion was 
higher in the control group than that in the case group (Table 
3), the protective effect of raw onion against BC development 

was estimated at an OR of 0.63 (95% CI, 0.40–1.00) after ad-
justing for potent covariates, and was statistically insignificant 
(Table 3). The consumption of cooked onion was higher in 
the case group (51.6%) than that in the control group (34.3%) 
for the total population (p< 0.001). The high intake of cooked 
onion was associated with twice the risk of BC development 
(OR, 2.20; 95% CI, 1.60–3.30) (Table 3), compared to the ref-
erence lowest tertile. The type of cooked onion used in the 
consumer population included fried (52.2%), boiled (19.6%), 
and both boiled and fried onion (28.2%).

We observed that garlic was more frequently consumed in 
the case group (36.9%) than in the control group (30.0%) for 
the total population (p= 0.003) (Table 4). The highest tertile of 
garlic consumption in the total population was correlated to 
an increased risk of BC (OR, 1.80; 95% CI, 1.30–2.60) (Table 
5). Among only garlic consumers, the highest tertile of intake 
was notably associated with half the risk of BC development 
(95% CI, 0.20–0.83), when adjusted for effective confounders 
(Table 5). A higher intake of leek was associated with a signifi-
cant reduction in the risk of BC for the highest tertile of con-

Table 1. General characteristics and dietary status of macronutrients 
intakes of women participants in case and control groups 

Characteristic 
Case (n=285) 

No. (%) 
Control (n=297) 

No. (%)
p-value*

Age (yr) <0.001
   Mean±SD 46.4±10.2 41.4±9.5 <0.001
      ≤44 127 (44.6) 185 (62.3)
      >44 158 (55.4) 112 (37.7)
BMI (kg/m2) 0.471
   Mean±SD 27.8±5.1 27.9±4.7 0.814
      <25 83 (31.0) 99 (34.9)
      25–29.9 90 (33.6) 95 (33.5)
      ≥30 95 (35.4) 90 (31.7)
Frequency of pregnancy 0.008
   <2   142 (54.3) 166 (63.2)
   2–3 68 (25.9) 40 (15.0)
   >3 52 (19.8) 58 (21.8)
No. of lactation 0.060
   <2 147 (58.6) 122 (65.6)
   2–3  61 (24.3) 28 (15.0)
   >3  43 (17.1) 36 (19.4)
Menopause <0.001
   Premenopause 163 (57.2) 217 (73.6)
   Postmenopause 122 (42.8) 78 (26.4)
Occupation 0.003
   Sun exposed occupation   1 (0.4)   4 (4.6)
   House keeping 219 (80.8) 140 (71.8)
   Employee   49 (18.1)  46 (23.6)
   Student   2 (0.7) 0 
PAL <0.001
   Sedentary  7 (2.8) 27 (13.6)
   Moderate  30 (12.1) 30 (15.1)
   Active 124 (50.0) 49 (24.6)
   Very active  87 (35.1) 93 (46.7)
Total calorie (kcal/day) <0.001
   Mean±SD 1,782±449 3,086±1,614 <0.001
      ≤2,478 104 (39.1) 177 (60.6)
      >2,478 162 (60.9) 115 (39.4)
Dietary fiber (g/day) <0.001
   ≤17.9 104 (38.4) 178 (60.8)
   >17.9 167 (61.6) 115 (39.2)
Dietary fat (g/day)   <0.001
   ≤104 103 (38.7) 181 (62.0)
   >104 163 (61.3) 111 (38.0)

SD=standard deviation; BMI=body mass index; PAL=physical activity level.
*Continuous numerical variable (presented in mean±SD) was compared by 
independent sample t-test and chi-square test was performed for categorical 
or nominal data. 

Table 2. The average daily intakes of Allium vegetables between con-
trols and cases

Variable* Case (n=285) Control (n=297) p-value†

Total p’opulation‡

   Total onion 48.7±39.9 38.0±39.9 0.043
   Raw onion 7.6±10.5 7.7±11.5 0.528
   Cooked onion 41.1±37.0 30.4±37.0 0.045
   Garlic 0.6±1.1 0.7±1.6 0.298
   Leek 1.8±2.0 2.4±2.3 0.032
Premenopausal
   Total onion 45.6±54.2 42.8±59.5 0.699
   Raw onion 7.5±9.9 8.4±12.5 0.417
   Cooked onion 49.1±52.5 50.4±57.2 0.815
   Garlic 0.63±1.18 2.23±16.00 0.183
   Leek 2.14±2.50 3.11±3.39  0.001§

Postmenopausal
   Total onion 58.4±65.4 59.9±66.0 0.877
   Raw onion 8.1±11.7 13.9±20.7  0.027§

   Cooked onion   50.3±61.5 46.0±59.3 0.627
   Garlic 0.54±0.93 7.42±38.12 0.052
   Leek 1.88±2.50 3.65±4.15  0.001§

Consumers
   Total onion 70.5±30.5 70.3±30.5 0.420
   Raw onion 12.5±11.0 11.8±12.4 0.548
   Cooked onion 61.7±28.1 61.4±29.3 0.931
   Garlic 0.9±1.3 1.2±1.9 0.043
   Leek 2.5±1.1 3.0±2.3 0.010

Data are presented as mean±SD.
*The estimated unit of food was in gram per day (g/day); †Data were com-
pared using t-test or Mann Whitney U-test; ‡Total population is a term referred 
to both consumers and nonconsumers; §p<0.05 was considered meantime 
the condition of equality of variances was not met.
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Table 3. The relative frequency and OR (95% CI) of breast cancer risk in association with Allium vegetables between controls and cases (total-popula-
tion*) 

Variable
Case (n=285) 

No. (%)
Control (n=297) 

No. (%)
p-value† OR 

(95% CI)
Adjusted OR

 (95% CI)‡

Total onion (g/day) <0.001
   <4.0  68 (23.9)   99 (33.3) 1.00 1.00
   4.0–53.5   78 (27.4) 98 (33.0) 1.20 (0.70–1.90) 1.18 (0.73–1.91)
   >53.5 139 (48.8)  100 (33.7) 2.02 (1.35–3.02)§ 0.85 (0.53–1.36)
   p for trend 0.875 0.689
Raw onion (g/day) 0.437
   <1.0 112 (39.3) 104 (35.0) 1.00 1.00
   1.0–7.1   76 (26.7)   92 (31.0) 0.80 (0.5–1.10) 0.67 (0.41–1.09)
   >7.1   97 (34.0) 101 (34.0) 0.90 (0.6–1.30) 0.63 (0.40–1.00)
   p for trend 0.080 0.075
Cooked onion (g/day) <0.001
   <1.0   95 (33.3)  150 (50.5) 1.00 1.00
   1.0–42.8   43 (15.1)   45 (15.2) 1.50 (0.90–2.50) 2.17 (1.25–3.77)§

   >42.8 147 (51.6) 102 (34.3) 2.20 (1.60–3.30)§ 1.33 (0.86–2.06)
   p for trend 0.078 1.222
Garlic (g/day) 0.003
   <0.34  79 (27.7) 122 (41.0) 1.00 1.00
   0.34–1.0 101 (35.4)  86 (29.0) 1.80 (1.20–2.70)§ 1.71 (1.00–2.90)
   >1.0 105 (36.9)  89 (30.0) 1.80 (1.20–3.20)§ 1.25 (0.81–1.92)
   p for trend 0.087 1.101
Leek (g/day) 0.026
   <0.66 104 (36.5)   81 (27.3) 1.00 1.00
   0.66–2.85  87 (30.5)   90 (30.3) 0.70 (0.50–1.10) 0.68 (0.43–1.08)
   >2.85  94 (33.0) 126 (42.4) 0.60 (0.40–0.90)§ 0.33 (0.20–0.54)§

   p for trend <0.001 <0.001

OR=odds ratio; CI=confidence interval.
*Total population is a term referred to both consumers and nonconsumers;†Chi-square test was performed; ‡Adjusted for confounders included age (≤48, >48 
yr), menopause (yes or no), total calorie (≤2,148, >2,148 kcal/day), dietary fat (≤104, >104 g/day), dietary fiber (≤17, >17 g/day), and body mass index (≤24.9, 
25-29.9, and >30 kg/m2); §Statistically significant (p<0.05).

Table 4. The relative frequency and OR (95% CI) of breast cancer risk in association with Allium vegetables between cases and controls

Variable
Case (n=285) 

No. (%)
Control (n=297) 

No. (%)
p-value*

OR 
(95% CI)†

Adjusted OR 
(95% CI)‡

Total onion (g/day)
   Nonconsumers  51 (17.9)   73 (24.6) 0.043  1.00 1.00
   Consumers 234 (82.1) 224 (75.4)  1.50 (1.00–2.20) 1.05 (0.61–1.81)
Raw onion (g/day)
   Nonconsumers 112 (39.3) 104 (35.0) 0.285 1.00 1.00
   Consumers 173 (60.7) 193 (65.0) 0.80 (0.6–1.20) 0.73 (0.48–2.70)
Cooked onion (g/day)
   Nonconsumers  95 (33.3) 150 (50.5) <0.001 1.00 1.00
   Consumers 190 (66.7) 147 (49.5) 2.04 (1.45–2.85)§ 1.54 (1.02–2.32)§

Garlic (g/day)
   Nonconsumers   79 (27.7) 122 (41.1) 0.001 1.00 1.00
   Consumers 206 (72.3) 175 (58.9) 1.80 (1.30–2.60)§ 1.39 (0.81–2.37)
Leek (g/day)
   Nonconsumers   77 (27.0)   60 (20.2) 0.053 1.00 1.00
   Consumers 208 (73.0) 237 (79.8) 0.68 (0.46–1.00) 0.32 (0.18–0.56)§

OR=odds ratio; CI=confidence interval.
*Chi-square test was done; †Unconditional logistic regression analysis was also performed to assess the risk breast development through exposure to either inde-
pendent variables, i.e., the condition of prebiotic food usage (dichotomous variable) or tertile of usage; ‡Unconditional multivariate logistic regression analysis ad-
justed for confounders included age (≤48, >48 yr), menopause (yes or no), total calorie intake (≤2,148, >2,148 kcal/day), dietary fat (≤104, >104 g/day), dietary 
fiber (≤17, >17 g/day), and body mass index (≤24.9, 25–29.9, and >30 kg/m2); §Statistically significant (p<0.05).
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Table 5. The relative frequency and OR (95% CI) of breast cancer risk in association with Allium vegetables between cases and controls only among 
consumers

Variable
Case (n=208) 

No. (%)
Control (n=237) 

No. (%)
p-value

OR 
(95% CI)*

Adjusted OR 
(95% CI)†

Total onion (g/day)
   <26.7 60 (25.6) 74 (33) 0.072 1 1
   26.7–75.0 76 (32.5)   78 (34.8) 1.20 (0.70–1.90) 1.32 (0.78–2.22)
   >75.0 98 (41.9)   72 (32.2) 1.67 (1.06–2.65)‡ 0.72 (0.44–1.19)
   p for trend 0.998 0.904
Raw onion (g/day)
   <4.4 48 (27.8) 64 (33.2) 0.529 1 1
   4.4–10.7 35 (20.2) 37 (19.2) 1.30 (0.70–2.30) 1.43 (0.67–3.04)
   >10.7 90 (52.0) 92 (47.6) 1.30 (0.81–2.09) 0.89 (0.53–1.50)
   p for trend 0.485 0.383
Cooked onion (g/day)
   <42.8   43 (22.6) 45 (30.6) 0.025 1 1
   42.8–75.0 128 (67.4) 78 (53.1) 1.71 (1.03–2.84)‡ 1.03 (0.16–6.35)
   >75.0  19 (10.0) 24 (16.3) 0.8 (0.40–1.70) 0.60 (0.35–1.03)
   p for trend 0.306 0.252
Garlic (g/day)
   <0.2 65 (31.5) 54 (30.9) 0.404 1 1
   0.2–0.9 85 (41.3) 63 (36.0) 1.10 (0.70–1.80) 1.01 (0.57–1.76)
   >0.9 56 (27.2) 58 (33.1) 0.80 (0.50–1.30) 0.41 (0.20–0.83)‡

   p for trend 0.333 0.715
Leek (g/day)
   <1.4 60 (28.8) 56 (23.6) 0.232 1 1
   1.4–3.6 88 (42.4) 96 (40.5) 0.80 (0.50–1.40) 0.64 (0.40–1.04)
   >3.6 60 (28.8) 85 (35.9) 0.65 (0.40–1.07) 0.28 (0.15–0.51)‡

   p for trend <0.001 0.519

OR=odds ratio; CI=confidence interval.
*Unconditional logistic regression analysis was also performed to assess the risk breast development through exposure to either independent variables, i.e., the 
condition of prebiotic food usage (dichotomous variable) or tertile of usage; †Unconditional multivariate logistic regression analysis adjusted for confounders includ-
ed age (≤48, >48 yr), menopause (yes or no), total calorie intake (≤2,148, >2,148 kcal/day), dietary fat (≤104, >104 g/day), dietary fiber (≤17, >17 g/day), and 
body mass index (≤24.9, 25-29.9, and >30 kg/m2); ‡Statistically significant (p<0.05).

sumption in the total population (OR, 0.6; 95% CI, 0.4–0.9) 
(Table 4). The consumers of leek after adjusting for covariates 
were at a lower risk of BC (OR, 0.32; 95% CI, 0.18–0.56) com-
pared to the nonconsumers (Table 4). Among the consumers, 
the highest tertile of leek consumption was also associated 
with a lower estimated risk of BC development (OR, 0.28; 
95% CI, 0.15–0.51) compared to the lowest intake category as 
reference (Table 5). 

DISCUSSION

The present hospital-based case-control study was carried 
out among Iranian women with newly diagnosed BC in 
northwest Iran. To the best of our knowledge, the present in-
vestigation is the first to examine the potential effects of Allium 
vegetables such as onion, garlic, and leek on the risk of BC. 
Our main findings suggested that the consumption of garlic 
and leek was significantly associated with a lower risk of BC.

Moreover, our findings are consistent with those of experi-

mental studies that reported the inhibitory role of several Allium-
derived compounds on breast carcinogenesis [19]. The anti-
cancer effects of Allium vegetables are attributable to the vari-
ous organosulfur compounds [20]. However, findings from 
epidemiological data series were controversial concerning the 
associations of Allium vegetables and the risk of BC [21]. On-
ion stratification into either raw or cooked category appeared 
to notably attenuate the effect of cooking. Our findings 
showed that the higher tertile of cooked onion consumption 
was significantly correlated to an increased risk of BC. These 
findings were also persistent after adjusting for possible effec-
tive confounders. Consistent with our findings, a case-control 
study conducted in Uruguay by Ronco et al. [22] demonstrat-
ed that both raw and cooked vegetables were inversely associ-
ated with the risk of BC irrespective of the low consumption 
of raw vegetables (one-third to one-half less than cooked veg-
etables). Accordingly, Franceschi et al. [23] conducted a large 
case-control study on women with BC in six different Italian 
areas and showed that a high intake of raw vegetables could 
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be associated with a reduced risk of BC, whereas the con-
sumption of cooked vegetables was not significantly associat-
ed with the risk of BC. In a case-control study on women with 
BC in the German population [24], similar findings were ob-
tained, supporting an inverse association between the intake 
of raw and total vegetables and the risk of BC; however, in-
creased intake of cooked vegetables showed no significance. 
Collectively, these findings suggest that the consumption of 
raw vegetables is more often inversely associated with the risk 
of BC compared to the consumption of cooked vegetables. 
Similarly, Bao et al. [7] showed in a large case-control study 
that the intake of Allium vegetables was correlated with the 
risk of BC in the Chinese population. Irrespective of the fact 
that the mechanisms behind the different physiological effects 
of raw and cooked vegetable consumption and the risk of BC 
are unclear, the inconsistency of evidence might partly be ex-
plained by the type of cooking described as boiled or fried. 
Fried onion was the prominent type of cooked onion record-
ed often in the habitual diet of the Iranian population [25], 
and even among the BC population, in contrast to the boiled 
onion prominently used in the Western population [26]. Con-
suming high dietary fat along with fried onion could notably 
interfere with the main effect of analysis between cooked on-
ion and increased risk of BC. In addition, cooking decreases 
water solubility and attenuates the activity of heat-sensitive 
functional components, e.g., flavonoids [27]. Irrespective of 
our findings that failed to show the statistically significant 
beneficial effects of daily raw onion consumption on the risk 
of BC, one can assume that the cumulative amount of total 
onion consumption was also underscored by the relative fre-
quency of using cooked onion concerning the risk assessment 
for breast carcinogenesis. 

The dietary intake of raw local leek was associated with a 
reduced risk of BC in the present study. The Netherlands Co-
hort Study conducted in the Dutch population by Dorant et 
al. [21] showed that the high dietary intake frequencies of on-
ion and leek were not associated with the risk of BC. Similarly, 
a hospital-based case-control study in the Greek population 
with no intake categorization of onion and leek showed no 
significant correlation to the risk of BC. It is conceivable that 
information biases, seasonal variations and possible misclassi-
fications might be taken into consideration when analyzing 
inconclusive evidence concerning the relationship between 
high leek consumption and the risk of BC [21].

The anticarcinogenic effects of Allium vegetables are sup-
ported by several case-control studies conducted in patients 
having other malignancies [28]. The dose-response preventive 
effects of garlic and onion intake on the development of dis-
ease in different anatomic sites of the gut, particularly gastric 

and colorectal cancers, might be attributable to the direct ex-
posure to anticarcinogenic compounds in Allium vegetables 
[13]. Breast carcinogenesis might be indirectly influenced by 
the chemopreventive effects of Allium components owing to 
the interfering pharmacokinetic effects of their metabolic 
variables and absorption boundaries [29]. 

Our analyses among garlic consumers showed that the 
highest tertile of garlic consumption could be associated with 
half the amount of risk of BC in the case group compared to 
the control group. Accordingly, findings from a case-control 
study conducted among French women showed an inverse 
association between garlic consumption and the risk of BC 
[8]. Generally, the Mediterranean dietary habits are followed 
among the French population, containing cooked garlic in 
combination with tomato or olive as seasoning [8]. The intake 
of fresh and raw garlic is a customary dietary habit and is 
highly combined with Iranian meals and side dishes. Thus, 
the present study provided an exclusive opportunity to assess 
the possible preventive effect of fresh garlic on the risk of BC 
risk. In addition to oligofructose components, garlic is a rich 
food item containing organosulfur-derived active reagents 
largely considered to prevent carcinogenesis through the im-
provement of the cellular immune system function, induction 
of the xenobiotic metabolizing enzymes that detoxify muta-
gens (by stimulating glutathione synthesis), reduction of ni-
trosamine production and its metabolic activation, suppres-
sion of the covalent binding of 7,12-dimethylbenz[a]anthra-
cene to DNA, and the induction of apoptosis and cell cycle 
arrest [7]. In another study, Henderson and Feigelson [30] 
suggested that the effect of using garlic on the risk of BC could 
partly depend on the possible changes in hormonal factors. 
Moreover, the relative frequency of garlic consumption com-
bined with the consumption of other Allium vegetables or 
whole vegetables in daily meal that could be effective in pro-
tecting against the risk of cancer should be studied in nested-
case control studies. 

There were some limitations in the present study. The limit-
ed sample size in some strata could not support categorization 
based on menopausal or pathological status. The recall bias is 
a consequence of the imprecise nature of retrospective dietary 
assessment; however, in an attempt to minimize the potential 
effects within random errors, we ascertained estimated por-
tion sizes as well. Furthermore, our FFQ was validated for 
particular related nutrients especially folate that is an abun-
dant nutrient in many fruits and vegetables [15-17]. In add-
ition to adjusting for several established BC risk factors, we 
also adjusted for the total energy intake to take the subjects’ 
tendency of over- or under-reporting into consideration. 
However, there might still be potential for differential recall 
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based on the awareness of disease status. Moreover, residual 
confounding might mask the true association between the 
consumption of Allium vegetables and the risk of BC owing to 
the inability to control total fruit and vegetable intake. 

The results collectively obtained from the consumer and 
whole populations almost showed the same trend of ORs in 
tertiles. Thereby, both classifications consistently predicted the 
risk of disease susceptibility based on the consumption of Allium 
vegetables. Nonetheless, as observational studies cannot sepa-
rate the effect of food constituents from the effects of other 
unidentified components in vegetables and fruits, it is plausi-
ble that our findings might be interpreted as an effect of cus-
tomary dietary habits among the present sample population 
of Iranian women with BC. 

In conclusion, our hospital-based case-control study showed 
protective associations between the consumption of specific 
Allium vegetables and the risk of BC. However, additional epi-
demiological studies should be conducted in a large cohort to 
confirm the protective effects of garlic and onion against BC 
according to menopausal and/or pathological status. Our find-
ings could help pave the way for other cohort or nested case-
control investigations concerning the investigation of dietary 
Allium vegetables as low-cost remedies that could prevent the 
incidence of BC among the high-risk populations.
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