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Introduction

	 Benzo[a]pyrene (BaP), a member of the chemicals 
known as polynuclear aromatic hydrocarbons (PAH), 
has been classified as a sufficient cause of cancer among 
animals and probably carcinogenic to humans (2A) 
according to the International Agency for Research on 
Cancer (IARC, 2004). BaP is present in drinking water, 
occupational exposures, tobacco and diet. In particular 
BaP is present in well-done red meat, fried poultry with 
skin, and fried eggs (Kazerouni et al., 2001). Several 
studies suggest that dietary BaP is a probable carcinogen 
for lung cancer (Lam et al., 2009), colorectal cancer (Sinha 
et al., 2005) and other cancer sites. 
	 Uruguayan population is characterized by high 
consumption of red meat and is the country with the 
highest production of beef in the World (Matos and 
Brandani, 2002). The incidence rates of breast cancer (BC) 
in Uruguay are the highest among the South-American 
countries (Parkin et al., 2002), with age-standardized 
rates of 72.6 per 100,000 persons per year, respectively. 
Rates of cancers of the larynx, esophagus, lung, prostate, 
bladder and kidney are also high, especially among men 
(Parkin et al., 2002). While there is no doubt that smoking 
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Abstract

	 In order to determine to the effect of benzo[a]pyrene (BaP) on breast cancer risk we conducted a case-control 
study in the time period 1996-2004. The study included 1,098 participants (460 cases and 638 controls). All the 
patients were drawn from the four major hospitals in Montevideo, Uruguay. Statistical analysis was performed 
using unconditional multiple logistic regression and the models included age, residence, urban/rural status, 
education, monthly income, body mass index, menopausal status, age at menarche, parity, smoking index, alcohol 
drinking, mate consumption, total energy, total vegetables and fruits, and BaP intake. The highest vs. the lowest 
quartile of BaP intake (OR 2.0, 95 % CI 1.2-3.3) was significantly associated with breast cancer risk. Alcohol 
drinking was also directly associated with breast cancer risk (OR 1.63, 95 % CI 1.19-2.23) and the joint effect 
of BaP and alcohol drinking showed an elevated risk of the disease (OR 3.32, 95 % CI 2.17-5.06). The present 
study suggests that elevated consumption of BaP could play an important role in the etiology of breast cancer. 
This effect is enhanced by the intake of alcohol.  
Keywords: Benzo[a]pyrene - alcohol drinking - breast cancer - mutagens - DNA adducts
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and high alcohol consumption contribute to the high rates 
of cancers of the lung, aerodigestive tract and some other 
cancers, there is increasing evidence that diet plays a major 
role in influencing cancer risk (WCRF, 2007). Also, the 
Uruguayan diet is characterized by a low intake of fruits, 
vegetables and whole grains (Buiatti and Sorso, 1993) and 
thus provides an interesting setting for investigating meat 
intake, meat mutagens, and cancer risk. Several previous 
studies conducted in this population suggested increased 
risk of multiple cancers including those of the upper 
aerodigestive tract (De Stéfani et al., 1998a), stomach (De 
Stéfani et al., 2004; 2009a), colorectum (Deneo-Pellegrini 
et al., 2005), breast (Ronco et al., 1996), kidney (De 
Stéfani et al., 1998b) and lung (Deneo-Pellegrini et al., 
1996), with higher meat intake, a major source of BaP. 
	 In a previous analysis we reported positive associations 
between a Western dietary pattern high in red and 
processed meat and the risk of several cancers (De Stéfani 
et al., 2008) and in other studies we reported elevated 
risks of several cancers with higher intake of total, red, 
processed and salted meat (Aune et al., 2009a; 2009b; 
De Stéfani et al., 2009b). To further expand upon these 
findings (high rates of cancer, high consumption of red 
meat, low intake of vegetables and fruits) we decided 
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to explore the association between benzo[a]pyrene 
consumption and BC risk in a case-control study in 
Uruguay.
 
Materials and Methods

Selection of cases 
	 In the time period between 1996 and 2004 we 
conducted a case-control study on BC. All the cases were 
drawn from the four major public hospitals of Montevideo, 
representing 45 % of the general population. A total of 480 
newly diagnosed and microscopically confirmed cancers 
of the breast were considered eligible for the study. In total 
20 patients refused the interview, leaving a final total of 
460 cases which were included in the study (response rate 
95.7 %). 

Selection of controls
	 In the same time period and in the same hospitals, 2,117 
patients with diseases not related with smoking, drinking 
and without recent changes in their diet were considered 
eligible for this study. Sixty seven patients refused the 
interview, leaving a final total of 2,032 controls (response 
rate 96.0%). The number and percentage of each type of 
controls are shown in Table 1. 

Interviews and questionnaire 
	 All the participants were administered a structured 
questionnaire by four trained social workers. All the 
interviews of cases and controls were conducted in the 
hospitals shortly after admittance and no proxy interviews 
were conducted. The questionnaire contained the following 
sections: 1) socio-demographic characteristics (age, sex, 
residence, education), 2) a complete occupational history 
based in their jobs and its duration, 3) self-reported 
height and weight five years before the date of the 
interview, 4) a history of cancer in first degree relatives, 
5) a complete history of tobacco smoking (age at start, 
age of quit, number of cigarettes smoked per day, type 
of tobacco, type of cigarette, inhalation practices), 6) a 
complete history of alcohol intake (age at start, age of 
quit, number of glasses per day or week, type of alcoholic 
beverage), 7) a complete history of mate (a local herbal 
tea), coffee and tea consumption (age at start, age of 
quit, number of cups ingested per day), 8) menstrual and 
reproductive events (age at menarche, age at menopause, 
breastfeeding, menopausal status, age at first livebirth, age 
of last livebirth, parity), and 8) a detailed food frequency 
questionnaire (FFQ) with 64 food items. This FFQ was 
considered as representative of the Uruguayan diet and 
allowed the estimation of total energy intake. Although 
the FFQ has not been validated, it has been tested for 
reproducibility with good results (Ronco et al., 2006). 

Foods as a source of benzo[a]pyrene 
	 A local Table of chemical composition of foods which 
included information on nitrates, nitrites, nitrosamines, 
heterocyclic amines and polycyclic aromatic hydocarbons 
was used in order to determinate the concentrations of 
BaP in several foods (Mazzei et al., 1995; Jackzsyn et al., 
2004). The values are shown in nanograms per kilogram 
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and the foods and its concentration in BaP are shown 
in the Table 2. The total BaP in the Uruguayan diet was 
log transformed and energy-adjusted using the residuals 
method (Willett and Stampfer, 1986) and then categorized 
in quartiles, according to the controls distribution. 

Statistical methods 
	 We used unconditional multiple logistic regression 
to estimate odds ratios of cancer for increasing levels 
of benzo[a]pyrene intake (Rothman et al., 2008). We 
used a multivariable model including the following 
covariates: age (continuous), residence (urban/rural), 
education (continuous), income (continuous), interviewer 
(categorical), menopausal status (premenopausal, 
postmenopausal), age at menarche (categorical), parity 
(categorical),  alcohol intake (categorical), mate drinking  
(continuous), total energy intake (continuous) and BMI 
(continuous). Potential confounders (total vegetables, total 
fruits, total red meat) were included in the multivariate 
models based on review of the literature and from 
comparisons of cases vs. controls. Tests for linear trend 
were calculated by entering the categorical variables as 
continuous parameters in the models.
	 For direct comparison with other studies, we also 
analyzed benzo[a]pyrene consumption as a continuous 
variable and in this model, the unit of intake was set to 
one standard deviation. A two-tailed P-value of <0.05 was 
considered to be statistically significant. All statistical tests 
were carried out using STATA version 10.0 (Stata Corp, 
2007).

Table 1. Distribution of Cases and Controls by 
Sociodemographics and Selected Risk Factors
Characteristics	             Cases	  Controls	     p value

Age (years)	 30-39	 39	 8.5	 60	 9.4	
		  40-49	    69	 15.0	    92	 14.4	
		  50-59	  114	 24.8	  146	 22.9	
		  60-69	  114	 24.8	  164	 25.7	
		  70-79	  106	 23.0	  154	 24.1	
		  80-89	    18	 3.9	    22	 3.5	  0.95
Residence	 Montevideo	  235	 51.1	  352	 55.2	
		  Other	  225	 48.9	  286	 44.8	  0.18
Urban/rural	 Urban	  386	 83.9	  563	 88.2	
	 status 	 Rural	    74	 16.1	    75	 11.8	 0.04
Education 	 0-2	    83	 18.0  	  114	 17.9	
(years)	 3-5	  150	 32.6	  214	 33.5	
		  6+	  227	 49.4	  310	 48.6	 0.95
Income	 ≤142	  155	 33.7 	  252	 39.5 	
  (US $)	 143+	  173	  37.6	  226	 35.4	
		  Unknown	  132	 28.7	  160	 25.1	 0.13
Family 	 No	  366	 79.6	  598	 93.7	
 history  BC	 Yes	    94	 20.4	    40	 6.3	 <0.0001
Menopausal	 Pre	    86	 18.7 	  140	 21.9	
 status	 Post	  374 	 81.3	  498	 78.1	 0.19      
Age                   15+	    47	 10.2	    82 	 12.9	
 menarche	 12-14	  304	 66.1	  427	 66.9	
		  ≤11	  109	 23.7 	  129	 20.2	 0.21
No Children	 Nuliparae	    93	 20.2	    80	 12.5	
		  1-2	  183	 39.8	  240	 39.6	
		  3-4	  112	 24.4 	  160	  25.1	
		  5+	    72	 15.6	 158	 24.8	 <0.0001

No. of patients	  460	100.0	 638 	100.0	
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Results 

	 The distribution of cases and controls according to 
socio-demographic variables and selected risk factors is 
shown in Table 1. Compared with the controls, the cases 
were in general older and less educated, they also had a 
higher intake of cigarettes, alcohol and total meat, but a 
lower intake of fruits and vegetables. The ten top sources 
of BaP were listed as follows, eggs (7.49 nanograms/100 
grams), chicken (4.60), beef (3.80), sausage (2.05), whole 
milk (1.5), hot dog (1.1), mate (1.05), cheese (0.91), winter 
squash (0.45),and black coffee (0.36).
	 Odds ratios of BC for alcohol drinking is shown in 
Table 2. Ever drinkers were associated with BC (OR 1.63, 
95 % 1.19-2.23) compared with never drinkers.  Also, 
consumption, duration, cumulative exposure of alcohol 
were directly associated with risk of BC (OR 1.83, 95 % 
CI 1.18-2.82). 
	 The adjusted odds ratios for benzo[a]pyrene and BC 
with reference to menopausal status are given in Table 
3. High consumption of benzo[a]pyrene was strongly 
associated with risk of BC (OR 2.26, 95 % CI 1.57-3.27,  
p-value for trend <0.0001). When BaP was stratified by 
menopausal status, the highest risk was observed among 
premenopausal women (OR 3.25, 95 % CI 1.24-8.54). 
	 Joint effects of alcohol drinking and BaP are shown 
in Table 4. The category of high consumption of BaP and 
ever drinkers was associated with a risk of 3.56 (95 % CI 
0.99-12.8) suggesting a multiplicative model. The p-value 
for heterogeneity was 0.01. 
 
Discussion

In this large hospital-based case-control study we 
found increased risk of BC with high intake of BaP 
(benzo[a]pyrene) and a multiplicative model which 
included alcohol drinking and BaP. 

The cancer site which has been most investigated 
previously in relation to BaP intake is colorectal cancer 
and our finding of an elevated risk with higher intake of 
BaP is consistent with previous studies (Butler et al., 2003; 
Cross and Sinha, 2004; Cross et al., 2007; Ward et al., 
2007) and in the most recent report from the World Cancer 
Research Fund/American Institute for Cancer Research, 
the evidence that red and processed meat (major sources 
of BaP) increases colorectal cancer risk was judged to be 
convincing (WCRF, 2007). In experimental studies (Harris 
et al., 2009) saturated fat enhanced BaP-induced colon 
tumors in APCmin mice. In previous studies high intake 
of dietary BaP was associated with a doubling in risk of 
colon, rectal, and colorectal cancers. Thus, the results were 
consistent across subsites of large bowel cancer. 

According to the recent monograph of  the International 
Agency for Research on Cancer on Alcohol Consumption  
(IARC, 2010), more than 100 epidemiological studies—
two thirds case–control and one third cohort—have 
evaluated the association between the consumption 
of alcoholic beverages and the risk for BC.  There is 
robust evidence that alcoholic drinks are a cause of 
premenopausal and postmenopausal BC, something that 
was suggested by Willett et al almost 25 years ago (Willett 
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Table 2. Odds Ratios of Breast Cancer for Alcoholic 
Drinks1

Characteristics	             Cases/Controls  OR    96% CI 

Alcohol status	 Never	 349/540	 1.0 	 reference
	 Ever	 111/98	 1.63	 1.19-2.23
Beer	 Abstainers	 443/624	 1.0	 reference
	 Drinkers	 17/14	 1.62	 0.76-3.46
Wine	 Abstainers	 366/549	 1.0	 reference
	 Drinkers	 94/89 	 1.43	 1.02-2.00
Hard liquor	 Abstainers	 446/629	 1.0	 reference
	 Drinkers	 14/9 	 1.92	 0.80-4.63
Total alcohol	 Never	 349/540	 1.0	 reference
 (ml/day)	 1-27	  41/38	 1.55	 0.96-2.51
	 28+	 70/60	 1.67	 1.14-2.46
		  p-value for trend	0.005
Years of	 None	 349/540	 1.0	 reference
 drinking	 1-32	 53/53	 1.46	  0.95-2.23
	 33+	 58/45	 1.83	 1.18-2.82 
		  p-value for trend		0.004
Cumulative	 None	 349/540	 1.0	  reference
	 1-87	 55/50	 1.58	 1.03-2.42
	 88+	 56/48	 1.68	 1.09-2.57
		  p-value for trend		0.006
1Adjusted for age, residence, urban/rural status, education, family 
history of breast cancer among first-degree relatives, body mass 
index, menopausal status, age at menarche, parity, mate drinking, 
and total energy intake

Table 3. Odds Ratios of Breast Cancer for Benzo[a]
pyrene intake1

Characteristics	             Cases/Controls  OR    96% CI 

Premenopausal	 I	 17/44	    1.0	 reference  
	                	 II	 16/34 	    1.33	 0.50-3.58 
	                	 III	 26/35	    2.76	 1.08-7.03
	                	 IV	 27/27	    3.18	 1.21-8.36
			   p-value for linear trend	 0.007
Postmenopausal	 I	  58/115	    1.0	 reference
	                	 II	 72/126	    1.16	 0.74-1.82
	                	 III	 92/126 	    1.41	 0.91-2.19 
	              	 IV	 152/131	    2.09	 1.38-3.17
			   p-value for linear trend	 <0.0001
Bot	h strata	 I	 75/159	    1.0 	  reference 
	                	 II	 88/160	    1.15	 0.77-1.72
	              	 III	 118/161	    1.52	 1.03-2.24  
	              	 IV	 179/158	    2.16	 1.49-3.14 
	 p-value for linear trend	    <0.0001

1 Adjusted for age, residence, urban/rural status, education, 
family history of breast cancer among first-degree relatives, 
body mass index, menopausal status, age at menarche, parity, 
mate drinking, and total energy intake

Table 4. Joint Effect of Benzo[a]pyrene (BP) and 
Alcohol  Drinking1,2

                             Never                 Ever
BP/Alcohol	 OR     95 % CI   OR    95 % CI     Total BaP

Low	 1.0	 reference	 0.44	 0.15-1.26	 1.0	 reference
High	 1.90	 1.27-2.85	 3.56	 0.99-12.8	 2.16	 1.49-3.14
Total alc	 1.0		  1.65	 1.11-2.44  	
1Adjusted for age, residence, urban/rural status, education, 
family history of breast cancer among first-degree relatives, 
body mass index, menopausal status, age at menarche, parity, 
mate consumption, and total energy intake; 2p-value for 
heterogeneity=0.01
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et al., 1987). 
Reactive metabolites of alcohol, such as acetaldehyde 

may be carcinogenic. Additionally, the effects of alcohol 
may be mediated through the production of prostaglandins, 
lipid peroxidation  and the generation of free radical 
oxygen species. Alcohol also acts as a solvent, enhancing 
penetration of carcinogens (like BaP) into cells.

In the present study, dietary BaP was directly associated 
with risk of BC with a well-defined dose-response. 
Recent cohort studies on BC reported no association 
with heterocyclic amines from well-done fried red meat 
(WCRF, 2007). On the other hand, Mordukhovich et 
al found a positive association between PHA-related 
exposures and p53 mutations in BC (Mordukhovich et al., 
2010). This recent study replicates the findings of the pool 
analysis of Gammon et al (2004). Furthermore, it has been 
found that ethanol enhances the formation of BaP-DNA 
adducts in human mammary epithelial cells (Barnes et 
al., 2000). This fact is of paramount importance, since it 
emphasizes a major step in breast carcinogenesis. Thus, 
BaP and alcohol appear to be major strong risk factors for 
BC and they act in, probably, as synergistic factors.	

Mate consumption is consumed with the herb (or 
tea) diluted in large amounts of tap water (mean amount 
of 1 liter or more per cup). According to the California 
Environmental Protective Agency (Di Bartolomeis, 1997), 
drinking water contains 1 nanogram per liter/day. Thus, 
mate could contribute to the BaP loading of the diet. A 
rather recent study (Fagundes et al., 2006) found that mate 
contained BaP and elevated amounts of its urine metabolite 
1-hydroxypyrene glucuronide (1-OHPG). Since mate 
preparation implies wood smoke and is linked with smoke 
and barbecued meat (Fagundes et al., 2006) it is possible 
that BaP could act as a carcinogen. Recently, Kamangar 
et al (2008) reported that very high concentrations of 
PAHs were found in yerba mate leaves and in hot and 
cold mate infusions suggesting that the carcinogenicity 
of mate may be related to its PAH content. In our study, 
mate was inversely associated with BC risk. In fact, mate 
has polyphenols and ascorbic acid which were inversely 
associated with risk of BC. These substances could 
counteract the effect of BaP in mate.

Our study has several potential limitations; as with 
any case-control study we cannot rule out the possibility 
of recall or selection biases. If the controls either 
consume or report their meat consumption differently 
than the general population biased results would occur. 
Participation rates were very high, thus minimizing the 
potential for selective participation according to lifestyle 
practices. Recall bias is a potential problem in case-control 
studies because of the retrospective assessment of diet. 
Nevertheless, the participants in this study were generally 
of low socioeconomic status, with little knowledge about 
the role of diet and meat intake in affecting cancer risk. 
This is likely to apply even more for the less common 
cancers. Meat intake (a major source of BaP) is not 
considered an unhealthy dietary habit in this population 
and this should have reduced the possibility for recall bias, 
but we cannot exclude the possibility that it may have 
been present. Further, we cannot exclude the possibility 
of residual confounding by unknown or unmeasured 
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