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Abstract: Objective: Epidemiologic data do not provide consistent evidence for an association between consumption of
meat and breast cancer risk. We conducted a hospital-based case-control study during April and July 2010 among Iranian
women to investigate associations between dietary meat intake, its types and breast cancer risk. Methods: One-hundred
consecutively recruited cases with newly diagnosed breast cancer were frequency matched to 175 controls by age. Dietary
intake was assessed by using a validated semi-quantitative food frequency questionnaire. Odds ratios and 95% confidence
interval were obtained by using multiple logistic regression models adjusted for various potentially confounding variables.
Results: The mean age of participant was 46.2+8.9 and 45.949.4 y in cases and controls, respectively. After adjustment of
potential confounders, no association was found between total meat intake and the odds of breast cancer, but the risk of breast
cancer in the forth quartile of red meat intake, compared with first quartile, significantly increased (OR=2.43, 95% CI=1.11-
5.32). Consumption of poultry > 212 g/week significantly decreased the risk of breast cancer. Higher intake of fish meat
decreased the odds of breast cancer (P for trend<0.05), whereas higher intake of processed meat was accompanied with
increased the risk of breast cancer (P for trend<0.05). Conclusion: We found a positive association between dietary intake of
red meat and processed meat products with the odds of breast cancer, as well as protective effects of fish and poultry intake
with breast cancer.
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1. Introduction

Breast cancer is the second leading cause of cancer deaths
in female today and is the most common cancer among
women in both developing and developed countries (1).
Annually, more than one million new cases of breast cancer
are diagnosed in the worldwide (2). The breast cancer
incidence rate among Asian population is estimated
intermediate (30-50 per 100,000) (3). Among Iranian women
breast cancer is the most common cancer with an incidence

rate of 22 per 100,000 (4). Several risk factors including
genetics, family history of breast cancer, parity, age at first
birth, age at menarche and menopause, breast feeding
duration, socio-economic status, oral contraceptives and
hormone replacement therapy, body mass index and
adulthood weight gain, physical activity and other lifestyle
determinants, have been considered for breast cancer (5-7).
Among these factors, eating patterns and dietary intakes are
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thought to be important factor and potentially modifiable
approach for breast cancer (8,9). Based on previous reports
some animal foods such as meat and especially red meat and
processed meat products may also impact breast cancer risk
through high content of fat, saturated fat, exogenous
hormones, and some compounds generated during food
processing including heterocyclic amines, N-nitroso
components and polyaromatic hydrocarbons (10-13). Several
prospective and case-control studies have examined the
association between meat intake and breast cancer risk but
the results have been inconsistent (13-17). In the current
case-control study we examined the association between
consumption of total meat, red meat, poultry and fish meat,
and processed meat products with breast cancer risk among a
population of Iranian women.

2. Subjects and Methods
2.1. Study Design and Population

This hospital-based case-control study was conducted
among Iranian women from April and July 2010. One-
hundred consecutively recruited cases with primary diagnosis
of breast cancer (indentified within 5 month of diagnose)
were age-matched to 175 controls. Cases were recruited from
women aged 30-65 years, with histological confirmed breast
cancer who referred to oncology, radiotherapy, chemotherapy
or surgery sectors of Shohada-e-Tajrish hospital. Participants
with the history of any type of cancer or cyst (excluding
current breast cancer), history of hormone therapy or special
diet were excluded from the study. Age-matched controls
without any history of cancers or cyst, hormone therapy or
special diet, were also recruited from the individuals referred
to other sectors of the hospital. Informed written consents
were obtained from all participants and the study protocol
was approved by the research council of the Research
Institute for Nutrition and Food Sciences, Shahid Beheshti
University of Medical Sciences.

2.2. Socio-Demographic, Anthropometrics and Physical
Activity

Data regarding socio-demographic factors including age,
educational level, occupation, ethics, life aria, alcohol and
tobacco use, medical history of disease, familial history of
breast cancer or other cancers, history of hormone therapy,
medications and supplements, oral contraceptives, age at
menarche, marital status, number of full pregnancies,
menopause status and other lifestyle-related factors were
collected by trained interviewers. Weight was measured to
the nearest 100g using digital scales, while the subjects were
minimally clothed, without shoes. Height was measured to
the nearest 0.5 cm, in a standing position without shoes,
using a tape meter. Body mass index was calculated as
weight (kg) divided by square of the height (m?). Physical
activity level was assessed using the validated questionnaire
to obtain frequency and time spent on light, moderate, hard
and very hard intensity activities according to the list of

common activities of daily life over the past year. Physical
activity levels were expressed as metabolic equivalent hours
per week (METs h/wk).

2.3. Dietary Assessment

Dietary data were collected using a validated semi-
quantitative food frequency questionnaire (FFQ) with 168
food items. This FFQ was developed for dietary assessment
of the participants of the Tehran Lipid and Glucose Study
(TLGS); the validity and reliability of the FFQ were
previously assessed in a random sample, by comparing the
data from two FFQs completed 1 y apart and comparing the
data from the FFQs and 12 dietary recalls, respectively.
Trained dietitians asked participants to designate their intake
frequency for each food item consumed during the past year
on a daily, weekly, or monthly basis. Portion sizes of
consumed foods reported in household measures were then
converted to grams. Mean daily intakes of energy and
nutrient for each individual were calculated using the Food
Composition Table. Total meat intakes were estimated as the
sum intake (g/week) of red meat (beef and lamb meat),
poultry meat (chicken and other poultry meat), fish meat, and
processed meat products including bacon, sausage, salami
and hamburger.

2.4. Statistical Analysis

All statistical analysis was performed using SPSS (Version
16.0; Chicago, IL). A P value < 0.05 was used as the
statistical evaluation tool. Energy-adjusted meat intake was
calculated as [(meatx1000)/energy intake], and was assigned
as quartiles based on their 25" 50™- 75" percentile values.
Differences in general characteristics between the cases and
controls were compared using by the analysis of variance for
continuous variables and the chi-square test for categorical
variables. The mean of age, weight, BMI, physical activity,
energy intake, energy density of diet, and other food groups
were determined across quartiles by using the general linear
model with adjustment for age, and energy intake.

The odds ratio and 95% confidence interval of breast
cancer in each quartile of meat intake was determined by
multivariable logistic regression models with adjustment for
potential confounding variables. The following potential
confounders were included in the final multivariate logistic
regression models: age (y); BMI (kg/m2); educational level
(y); occupation (housekeeper/ employee/ retired); use of
alcohol and tobacco (yes/no); age at menarche (y); marital
status (not married, married, divorced, widow); age at firs
pregnancy (y); number of full pregnancy; menopause status
(yes/mo); family history of breast cancer (yes/no); use of OCP
(yes/mo); use of bra (<12h, >12h); life satisfaction
(yes/mo/partly); physical activity (MET-h/week); energy
intake (kcal/d); energy density of diet (kcal/100g foods). To
assess the overall trends of odds ratios across increasing
quartiles of meat intake, the median of each quartile was used
as a continuous variable in logistic regression models.
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3. Results

The mean age of participant was 46.2+8.9 and 45.9+9.4 y
in cases and controls, respectively. The mean age at
menarche significantly was lower and the mean age at first
pregnancy was significantly higher in cases as compared with
controls (P<0.01). The use of tobacco and oral contraceptives
were significantly higher, while life satisfaction was
significantly lower in women with diagnosed breast cancer as
compared with controls (P<0.05). There were no significant
differences in BMI, physical activity, energy intakes,
menopause status, educational levels, occupation, marital
status and family history of breast cancer between two
groups. Women with diagnosed breast cancer compared with
controls, significantly consumed more total meat (596365
vs. 5524298 g/week, P<0.01), red meat (230+183 ws.
158+123 g/week, P<0.01), and processed meat (55119 wvs.
46+84 g/week, P<0.01). Dietary intake of poultry and fish
meat was statistically similar between the groups.
Characteristics of the study participants across quartile
categories of energy-adjusted total meat intake are shown in
Table 1. There were no significant differences between age,
physical activity, weight, BMI and menopausal status across
quartile categories. Dietary intakes of energy, energy density,
and energy-adjusted intake of total meat and its types, and

other food groups across quartile categories are provided in
Table 2. Dietary energy intake significantly increased across
increasing meat intake (P for trend<0.001), while dietary
energy density was constant. Energy-adjusted total meat
intake (g/week) in the highest quartile was more than 4 times
than lowest quartile category (101019 vs. 250+19 g/week).
Differences between energy-adjusted dietary intake of
vegetables, fruits, dairy and legumes were not significant
across quartile categories of meat intake. The odds ratio and
95% CI of breast cancer across quartiles of energy-adjusted
meat intake are presented in Table 3. After adjustment for
potential confounding variables, no significant association
between total meat intake and breast cancer risk was
observed whereas higher intake of red meat was
accompanied with increased risk of breast cancer (P for
trend<0.001); the risk of breast cancer in the forth quartile of
red meat intake significantly increased (OR=2.43, 95%
CI=1.11-5.32). An inverse association was found between
dietary intake of poultry and the risk of breast cancer
(OR=0.43, 95% CI=0.19-0.96 in the third quartile and
OR=0.36, 95% CI=0.16-0.84 in the forth quartile). Higher
intake of fish meat decreased the odds of breast cancer (P for
trend<0.05), whereas higher intake of processed meat was
accompanied with increased the risk of breast cancer (P for
trend<0.05).

Table 1. Characteristics of participants across quartile categories of energy-adjusted total meat intake

Quartile of total meat intake (g/week)

e

<350 350-496 496-726 >726 P

Case/control 29/39 21/48 24/45 32/36 0.61
Number 68 69 69 68

Age (») 46.1£9.4 45.8+9.1 46.5+7.5 45.8+10.5 0.91
Physical activity (MET-h/week) ! 39.5+0.5 37.6+0.5 38.6+0.5 38.6+0.5 0.09
Weight (kg) 73£1.6 71.3+1.7 72.0+1.7 73.7+1.8 0.70
Body mass index (kg/m?)1 29.240.6 29.6+0.6 29.0+0.6 30.0+0.7 0.72
postmenopausal/premenopausal 25/43 22/46 27/42 27/41 0.17
Age at menarche (y) 13.6+1.6 14.0+1.4 13.8+1.8 13.3+1.6 0.07
Age at menopause () 48.8+4.9 48.9+5.7 48.1£3.6 48.2+4.4 0.91
Age at first birth () 20.9+4.7 20.944.1 20.5+4.2 19.6+3.9 0.38
Family history of breast cancer () 13 16 10 11 0.51

* Data are mean = SD or mean +SE unless stated otherwise.

" Analysis of variance or general linear model (with adjustment for age) was used to compare continuous variables and the chi-square test for categorical

variables.

Y Age-adjusted mean: The mean+SD of total meat intake was 257+101, 450+181, 548+220, and 818+384 in the 1™, 21 3% and 4%, respectively.

Table 2. Dietary intakes of participants across quartile categories of energy-adjusted meat intake”

Quartile of total meat intake (g/week)

<350 <350 <350 <350 <350
Energy (kcal/d) 2210£108 2554+107 2645107 3355108 0.001
Energy density (kcal/100g of foods) 84+2.4 88+2.4 86+2.4 87+2.4 0.60
Total meat (g/veck) 250£19 416+19 597+19 101019 0.001
Poultry (g/week) 98+14 169+14 212+14 329414 0.001
Red meat (g/week) 109+15 134415 182+15 315+16 0.001
Fish (g/week) 47420 74418 156418 246220 0.001
Processed meat (g/week) 17411 44411 49411 8911 0.001
Vegetables (g/d) 473437 493436 465436 570438 0.21
Fruits (g/d) 565437 604236 565435 576+38 0.13
Dairy (g/d) 426438 520436 501436 528439 0.23
Legumes (g/d) 44453 46+5.1 46+5.1 48+5 4 0.96

" Data are adjusted mean + SEM for all dietary intakes (adjusted for age and energy intake).
“"General linear model was used to compare the dietary intakes of participants across quartiles of energy-adjusted meat intake.
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Table 3. The odds ratio and 95% CI of breast cancer across quartile categories of energy-adjusted dairy intake”

(n=274)

01 02 03 04 P
Total meat intake
Model 11 1 0.47 (0.29-1.18) 59 (0.23-0.97) 1.19 (0.61-2.35) 0.036
Model 2| 1 0.75 (0.30-1.89) 0.95(0.81-1.27) 1.46 (0.29-3.13) 0.11
Model 37 1 0.69 (0.08-5.62) 1.27 (0.17-5.67) 3.13(0.37-26.5) 0.31
Model 47 1 0.69 (0.08-6.02) 1.52 (0.17-13.45) 4.42 (0.46-41.7) 0.64
Red meat intake
Model 1" 1 0.67 (0.37-0.71) 1.62 (0.14-1.72) 2.38 (0.02-2.36) 0.006
Model 2| 1 0.071(0.34-1.52) 1.72 (0.84-3.51) 2.36 (1.16-4.80) 0.006
Model 37 1 0.84 (0.38-1.83) 2.32 (1.11-4.89) 2.87 (1.37-6.0) 0.002
Model 47 1 0.68 (0.29-1.58) 1.97 (0.89-4.36) 243 (1.11-5.32) 0.009
Poultry intake
Model 11 1 0.73 (0.37-1.45) 0.43 (0.21-0.88) 0.31 (0.15-0.65) 0.01
Model 2| 1 0.72 (0.36-1.46) 0.47 (0.22-0.97) 0.38 (0.17-0.83) 0.06
Model 37 1 0.70 (0.35-1.43) 0.45 (0.21-0.94) 0.37 (0.16-0.82) 0.06
Model 47 1 0.75 (0.35-1.61) 0.43 (0.19-0.96) 0.36 (0.16-0.84) 0.06
Fish intake
Model 11 1 0.57 (0.29-1.12) 0.34 (0.16-0.68) 0.32 (0.16-0.66) 0.004
Model 2| 1 0.55 (0.28-1.09) 0.34 (0.16-0.69) 0.31(0.15-0.65) 0.005
Model 37 1 0.56 (0.28-1.14) 0.39 (0.18-0.82) 0.36 (0.17-0.77) 0.031
Model 47 1 0.59 (0.29-1.21) 0.37 (0.17-0.80) 0.37 (0.17-0.82) 0.024
Processed meat intake
Model 11 1 0.44 (0.19-1.03) 2.52 (1.11-5.67) 2.41(1.14-5.07) 0.01
Model 2| 1 0.16 (0.06-0.43) 1.25 (0.52-3.04) 1.81 (0.76-4.29) 0.001
Model 37 1 0.19 (0.07-0.54) 1.52 (0.59-3.88) 2.14 (0.84-5.34) 0.001
Model 47 1 0.26 (0.08-0.77) 1.77 (0.65-4.77) 2.15 (0.80-5.74) 0.001

" Multivariable logistic regression models were used with adjustment of potential confounders.
" To assess the overall trends of odds ratios across quartile categories of energy-adjusted meat intake, the median of meat intake for each quartile was used as a

continuous variable in logistic regression models.
Y Adjusted for age (y).

Additional adjustment for age at menarche (y), age at firs pregnancy (y), number of full pregnancy, smoking (yes/no), use of oral contraceptive (yes/no) and

the use of bra (<12 h/>12h).

T Additional adjustment for body mass index (kg/m %) and life satisfaction (yes/no/partly).
* Additional adjustment for menopause status (yes/no), family history of breast cancer (yes/no), physical activity (MET-hours/week), energy intake (kcal/d),

and energy density of the diet (kcal/100 g).

4. Discussion

In this study we found that despite the lack of association
between dietary consumption of total meat and the risk of
breast cancer, the type of meat intake could affect the odds of
breast cancer independent of potentially confounding
variables. Higher intake of red meat increased the odds of
breast cancer and increased consumption of processed meat
was accompanied with increased breast cancer risk. Our
study also supported an independent protective association
between higher consumption of poultry and fish meat with
the risk of breast cancer.

Several case-control and prospective studies have
examined the association between meat intake and breast
cancer risk, however available data is not sufficient to
confirm common hypothesis in this regard.

Seventeen-year follow-up of 61,433 Swedish women
showed no association between total red meat intakes with
breast cancer risk (17). Results from NIH-AARP Diet and
Health Study cohort of 120,755 postmenopausal women
provided no support for the hypothesis that intake of meat,

meat cooked at high temperatures, well-done meat, or
estimated intake of mutagens from meat are associated with
increased risk of breast cancer (18), but seven-year follow-up
of 39,268 women within the Nurses' Health Study II showed
that higher red meat intake in adolescence may increase the
risk of premenopausal breast cancer; the multivariate-
adjusted relative risk for the highest quintile of red meat
intake during adolescence was 1.34 (95% CI, 0.94-1.89; P for
trend = 0.05) compared with the lowest quintile, and also
there was a significant linear association with every
additional 100 g of red meat consumed per day (RR, 1.20; 95%
CI, 1.00-1.43; P=0.05). (10).

Other prospective studies also reported an elevated breast
cancer risk among women with high red meat intake (19,20).
Moderate to strong increases in the risk of breast cancer also
were observed with higher intake of total meat, red meat,
beef and lamb in Uruguayan population (21). Results from
one meta-analysis of case-control and cohort studies showed
only a moderate association between consumption of red
meat and breast cancer incidence (RR, 1.17; 95% CI, 1.06-
1.29) (22). Three prospective studies have investigated the
association between meat intake and risk of breast cancer
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stratified by hormone receptor status of the tumour; In the
Nurses’ Health Study II cohort, a positive association
between high intake of red meat and risk of positive estrogen
receptor (ER+)/positive progesterone receptor (PR-) breast
cancer was observed in premenopausal women (19) but in
the NIH-AARP Diet and Health Study there was no
association between meat intake and any subtype of breast
cancer defined by hormone receptor status in postmenopausal
women (18). Other prospective cohort reported that
consumption of pan-fried meat increased risk of ER+/PR-
tumors (17).

In the current study, we found women who consumed an
average of more than 156 g/week fish significantly were
lower in the odds of breast cancer; moreover mean intake of
poultry >212 g/week was related to decreased the risk of
breast cancer. There is limited epidemiologic evidence on the
association between consumption of white meat including
poultry and fish intake with breast cancer risk. A pooled
analysis of 8 cohort studies from North America and Western
Europe found no relation between white meat intakes with
breast cancer incidence (23). In a prospective 18-year
follow-up of 88,647 women, no association was observed
between intakes of fish and poultry (total, without skin, with
skin) with breast cancer incidence in both premenopausal and
premenopausal (14). In a prospective study on
postmenopausal women, there was no significant association
between total fish intake and any type of fatty fish, lean fish,
and boiled, fried or processed fish with incidence rate ratio of
breast cancer, but additional 25 g daily fish intake moderately
increased the risk of ER+ breast cancer (IRR=1.14, CI= 1.03-
1.26) (24). As reviewed by Stripp et al, the majority of case-
control studies found no association between fish intake and
breast cancer risk, but a limited number of these showed a
significant reduction in the risk of breast cancer with
increasing consumption of fish (24).

In this study, we showed a significant association between
increasing trend of processed meat intake and increasing
odds of breast cancer. Despite a common hypothesis in
relation to consumption of processed meat and increased
breast cancer risk, current data do not provide a clear
association. No association was found between intake of
processed meat and breast cancer risk in a prospective cohort
of Swedish women. Only a borderline non-significant
increased association between consumption of processed
meat and the odds of breast cancer was observed among
Chinese women (OR=1.44, 95% CI=0.97-2.15; P for trend=
0.06) (13); a prospective cohort also showed that high intake
of processed meat was associated with a modest increase in
breast cancer risk (hazard ratio: 1.10; 95% CI: 1.00, 1.20;
highest compared with lowest quintile; P for trend = 0.07)
(15). In a multisite case-control study was conducted in
Uruguay, consumption of processed meat more than 63 g/d
was accompanied with increased the risk of breast cancer
(OR=1.53, 95% CI: 1.01-2.30) (21).

Several mechanisms have been proposed to explain the
association between red and processed meat intake and breast
cancer risk. First mechanism is attributed to high content of

fat and saturated fat as established mammary carcinogens
(22). Second mechanism is related to carcinogenic effects of
residual amount of exogenous hormones used for growth
stimulation in cattle, and heterocyclic amines and
polyaromatic hydrocarbons created during the cooking of red
meat (10,25,26). Processed meat products, including bacon,
sausage, salami and hamburger, in addition to high content of
saturated and trans fats, are containing other well known
carcinogenic factors such as N-nitroso compounds could
promote mammary tumor development (27,28).

To our knowledge, limited studies have examined dietary
factors related to breast cancer risk in Iranian population and
this study was the first investigation on the association
between total meat intake and its types with breast cancer
risk in Iranian women. Although small sample size and case-
control setting were considered as weakness of the current
study, but use of a wvalidated semi-quantitative FFQ for
dietary assessment, and use of several statistical models with
adjustment of various known and suspected risk factors of
breast cancer were the strengths of this study.

In conclusion, we found a positive association between
dietary intake of red meat and processed meat products with
the odds of breast cancer, as well as protective effects of fish
and poultry intake with breast cancer risk in a population of
Iranian women.
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