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Table 2 Distribution of cases and controls for selected variables (1)

Cases Controls
Variable P
No. (%) No. (%)

Age (years)

20-29 4 (L1 9 2.4)

30-39 33 94 42 (11.0)

4049 50 (14.2) 58 (15.2)

50-59 85 (24.1) 86 (22.5)

60-69 87 (24.7) 88 (23.0)

70-79 78 (22.2) 83 (21.7)

80-89 15 4.3) 16 4.2) 0.85
Residence

Montevideo 183 (52.0) 201 (52.6)

Other counties 169 (48.0) 181 (47.4) 0.92
Urban/rural status

Urban 292 (83.0) 328 (85.9)

Rural 60 (17.0) 54 (14.1) 0.32
Education (years)

0-5 174 49.4) 199 (52.1)

=6 178 (50.6) 183 47.9) 0.52
Monthly income (United States dollars)

=147 116 (33.0) 125 32.7)

=148 117 33.2) 123 322

Unknown 119 (33.8) 134 (35.1) 0.93
Family history of breast cancer

No 265 (75.3) 342 (89.5)

Yes 87 4.7 40 (10.5) <0.001
Body mass index

=187 98 (27.8) 101 (26.4)

18.8-21.2 70 (19.9) 98 25.7)

21.3-24.2 97 (27.6) 86 (22.5)

=243 87 (24.7) 97 (25.4) 0.19
Alcohol drinking

Never drinkers 249 (70.7) 307 (80.4)

Ever drinkers 103 (29.3) 75 (19.6) 0.009
Menopausal status

Premenopausal 75 (21.3) 99 (25.9)

Postmenopausal 277 (78.7) 283 (74.1) 0.17
Age at menarche (years)

=15 32 .1 60 (15.7)

12-14 234 (66.5) 264 (69.1)

=11 86 (24.4) 58 (15.2) 0.006
Parity (no. of live births)

Nuliparous 76 (21.6) 49 (12.8)

1-2 135 (38.4) 130 (34.0)

34 84 (23.9) 105 (27.5)

=5 57 (16.2) 98 25.7) 0.0004
Age at first pregnancy (years)

=19 81 (23.0) 119 31.2)

20-24 88 (25.0) 121 3L7)

=25 108 30.7) 93 (24.3) 0.01
History of benign breast disease

No 309 (87.8) 354 92.7)

Yes 43 (12.2) 28 (7.0) 0.03
Total energy intake (kcal)

=1577 74 (21.0) 110 (28.8)

1578-2080 76 (21.6) 108 (28.3)

2081-2592 103 (29.3) 82 (21.5)

=2593 99 (28.1) 82 (21.5) 0.01
Total fat intake (g)

=68.7 57 (16.2) 127 (33.2)

68.8-82.3 87 (24.7) 96 (25.1)

82.4-96.5 89 (25.3) 95 (24.9)

296.6 119 (33.8) 64 (16.8) <0.001
Vegetables (servings/year)

=538 98 (27.8) 87 (22.8)

539-727 88 (25.0) 94 (24.6)

728-948 84 (23.9) 100 (26.2)

=949 82 (23.3) 101 (26.4) 0.05
No. of patients 352 (100) 382 (100)
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Table 3 Mean concentration of heterocyclic amines in foods (in ng/g)”

Food Q MelQx PHiP
Fried beef 3.79 2.35 13.19
Broiled beef 0.50 2.11 15.70
Broiled lamb NA® 1.01 42.50
Broiled chicken NA 233 38.10
Fried fish 0.61 6.44 19.60
Broiled fish 1.80 220 37.50
Fried egg 0.10 NA NA

“ According to values reported in Refs. 9-19.
5 NA, not available.

questionnaire included queries concerning the cooking method
(frying, broiling, barbecuing, and boiling) of the foods, includ-
ing meats and eggs. This questionnaire was previously used in
case-control studies on diet and cancer (3, 5, 6). Nutrient intake
was calculated using specially designed software that uses local
food composition tables (7). All nutrients were energy adjusted
by the residual method of Willett and Stampfer (8) and later
categorized into four levels, according to the quartile distribu-
tion among the combined sample of cases and controls. Intake
of specific foods was recorded as servings per year.

The food composition table for heterocyclic amine content
was based on data in the literature (9-19) and total estimated
content of IQ,> 2-amino-3,8-dimethylimidazo[4,5-flquinoxa-
line, and PHiP for this data base was calculated as continuous
variables in ng/g. Because the questionnaire assessed the pro-
portion of different meats cooked by frying, broiling, or boiling,
total intake of arilamines was calculated as follows: frequency
of consumption of fried and broiled meats X [(portion size in
grams X arylamine content for each fried and broiled meat
according to literature data)/100 g]. The frequency of consump-
tion of each fried and broiled meat was obtained from the food
frequency questionnaire. The three arilamines were categorized
according to the quartile distribution among the combined
sample of cases and controls.

ORs and 95% Cls were calculated by unconditional logis-
tic regression (20). ORs were estimated for all women, pre-
menopausal women, and postmenopausal women. We classi-
fied a woman as postmenopausal when she reported natural
menopause or hysterectomy with bilateral oophorectomy. For
women who reported hysterectomy without bilateral oophorec-
tomy, menopause was assigned to the median value of age at
menopause for the combined sample of cases and controls.
Potential confounders were included in the multivariate models.
Decisions on which covariates to include in the final models
were based on (a) biological plausibility, (b) whether the co-
variate entered the model at the 0.10 level of significance, and
(c) whether the covariate acted as a confounder of the primary
association of interest (confounding was considered present if
the regression coefficient of the primary independent variable
changed more than 10% after addition of the potentially con-
founding variable to the model). These confounders were age
(continuous), residence (Montevideo or other counties), family
history of breast cancer in a first-degree relative (no or yes), age
at menarche, parity, previous history of benign breast disease
(no or yes), total energy intake (continuous), vegetable intake,
and total fat intake. Age at menarche, parity, vegetable intake,

3 The abbreviations used are: IQ, 2-amino-3-methylimidazo[4,5-flquinoline;
PHiP, 2-amino-1-methyl-6-phenylimidazo(4,5-f]pyridine; OR, odds ratio; CI,
confidence interval.

and total fat intake were entered in the models as categorical
variables (Table 2). All calculations were performed using the
EGRET software (21).

Results

Compared to controls, significantly more cases had a family
history of breast cancer in first-degree relatives, early age at
menarche, high parity, late age at first full-term pregnancy, a
history of benign breast disease, and a history of alcohol con-
sumption (Table 2). Age, residence, urban/rural status, educa-
tion, and income were similar among both series of patients.

Concentrations of heterocyclic amines in various food
items are shown in Table 3. Elevated concentrations of PHiP
were reported in fried beef, broiled beef, and broiled lamb.
These food items are frequently consumed by the Uruguayan
population.

ORs of breast cancer associated with different meats are
shown in Table 4. Whereas red meat, beef, lamb, and total meat
intake were associated with significantly increased risks of
breast cancer, white meat (poultry plus fish), poultry, and fish
intake were associated with negative dose-response patterns. In
particular, white meat displayed an OR of 0.59 (95% CI,
0.36-0.97) for the highest quartile of intake. Beef intake was
associated with the highest increase in risk among postmeno-
pausal women (OR, 4.75; 95% CI, 2.30-9.79); the dose-re-
sponse pattern was also highly significant. When different
meats (beef, lamb, poultry, and fish) were analyzed according
to the cooking method (frying, broiling, or boiling), a signifi-
cant association for fried meat was evident, with an OR of 2.71
for the highest quartile of intake (Table 5). The effect of broiled
meat was not significant, and boiled meat was associated with
a significant reduction in risk for the uppermost quartile of
consumption (OR, 0.42; 95% CI, 0.23-0.78). ORs of breast
cancer for heterocyclic amine exposure, according to the cook-
ing methods and to the values reported in the literature, are
shown in Table 6. All heterocyclic amines were associated with
significant increases in risk and IQ displayed a 3-fold increase
in risk for all women (pre- and postmenopausal). PHiP was
associated with a positive gradient of risks and a highly signif-
icant dose-response. In particular, postmenopausal women
were associated with a 3-fold increase in risk for the highest
quartile of estimated consumption of PHiP.

ORs of breast cancer for total fat and vegetable intake,
with and without adjustment for meat intake in a multivariate
model, are shown in Table 7. Whereas total fat intake was
associated with a positive gradient of risks, vegetable intake
displayed a protective effect. Total fat intake reduced risk by
65% after further adjustment for beef intake. On the other hand,
vegetable intake risk estimates remained unchanged after in-
clusion of a term for beef in the model.

Discussion

The present study shows increased risks of breast cancer for
increasing intake of red meat, beef, and fried meat and esti-
mated intake of heterocyclic amines. These risk estimates were
fully controlled for confounders, including total energy and
total fat intake, which were strong risk factors in this data set.
A number of previous studies showed an effect of meat con-
sumption on the risk of breast cancer (22-31), and this effect
was attributed mostly to the fat content of meat. In our study,
we found increasing risks of breast cancer associated with
increasing meat consumption, controlling for fat intake, sug-
gesting another mechanism for meat in breast carcinogenesis.
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Table 4 Relative risks of breast cancer associated with meat variables

Al risks are adjusted for age, residence, family history of breast cancer in a first-degree relative, age at menarche, parity, previous history of benign breast disease, total

energy, vegetable intake, and fat intake.

Quartile

vari P for

Meat variable . 1 o v trend
Total meat*® =336 337-468 469-600 =601
All subjects

Cases 59 79 94 120

Controls 127 108 84 63

OR 1.0 1.29 1.63 2.26

95% CI 0.80-2.09 0.97-2.75 1.244.12 0.006
Premenopausal®

Cases 11 11 19 34

Controls 29 27 22 21

OR 1.0 090 1.27 242

95% CI 0.28-2.95 0.37-4.32 0.75-7.85 0.11
Postmenopausal®

Cases 48 68 75 86

Controls 98 81 62 42

OR 1.0 1.33 1.58 2.19

95% CI 0.77-2.29 0.87-2.89 1.064.51 0.03
Red meat™* =241 242-386 387-520 =521
All subjects

Cases 56 76 9 121

Controls 128 107 88 59

OR 1.0 1.25 1.76 2.62

95% CI 0.77-2.05 1.04-2.99 1.41-4.85 0.001
Premenopausal

Cases 9 10 24 32

Controls 27 25 25 22

OR 1.0 1.41 213 3.01

95% CI 0.38-5.29 0.59-7.60 0.77-11.7 0.09
Postmenopausal

Cases 47 66 75 89

Controls 101 82 63 37

OR 1.0 1.29 1.57 2.79

95% CI 0.75-2.23 0.86-2.89 1.35-5.75 0.006
White meat™ =36 37-70 71-104 =105
All subjects

Cases 110 78 103 61

Controls 83 90 129 80

OR 1.0 0.67 0.60 0.59

95% CI 0.42-1.06 0.39-0.93 0.36-0.97 0.02
Premenopausal

Cases 23 19 26 7

Controls 27 30 21 21

OR 1.0 0.62 1.36 0.28

95% CI 0.22-1.78 0.50-3.66 0.08-1.03 031
Postmenopausal

Cases 87 59 7 54

Controls 56 60 108 59

OR 1.0 0.60 0.48 0.63

95% Cl 0.35-1.04 0.29-0.78 0.36-1.09 0.03
Processed meat” =52 53-104 105-206 =207
All subjects

Cases 92 68 85 107

Controls 114 93 91 84

OR 1.0 0.80 0.85 0.88

95% CI 0.50-1.27 0.53-1.34 0.54-1.43 0.64
Premenopausal

Cases 17 12 13 33

Controls 26 22 26 25

OR 1.0 0.66 048 1.30

95% CI 0.20-2.16 0.15-1.58 0.43-3.92 0.56
Postmenopausal

Cases 75 56 72 74

Controls 88 K 65 59

OR 1.0 0.80 0.91 0.73

95% CI 0.47-1.35 0.54-1.53 0.42-1.30 0.38
Beef® <154 155-234 235-364 =365
All subjects

Cases 54 85 98 115

Controls 126 136 76 4

OR 1.0 1.23 2.09 3.84

95% CI 0.76-1.99 1.23-3.55 2.09-7.05 <0.001
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Table 4 Continued

All risks are adjusted for age, residence, family history of breast cancer in a first-degree relative, age at menarche, parity, previous history of benign breast disease, total
energy, vegetable intake, and fat intake.

Quartile

Meat variable P for
I 1 m v trend

Premenopausal

Cases 7 20 21 27

Controls 27 34 20 18

OR 1.0 191 241 2.60

95% C1 0.57-6.41 0.69-8.41 0.69-9.82 0.16
Postmenopausal

Cases 47 65 77 88

Controls 99 102 56 26

OR 1.0 1.15 2.02 4.75

95% CI 0.67-1.97 1.10-3.73 2.30-9.79 <0.001
Lamb*# =12 13-52 =53
All subjects

Cases 276 24 52

Controls 336 26 20

OR 1.0 1.05 238

95% CI 0.56-1.99 1.274.47 0.01
Premenopausal

Cases 56 7 12

Controls 86 5 8

OR 1.0 1.32 1.45

95% CI 0.32-5.36 0.40-5.28 0.53
Postmenopausal

Cases 220 17 40

Controls 250 21 12

OR 1.0 0.88 2.90

95% CI 0.42-1.84 1.34-6.27 0.02
Poultry*# =24 25-52 =53
All subjects

Cases 150 150 52

Controls 132 183 67

OR 1.0 0.75 0.78

95% CI 0.52-1.06 0.48-1.27 0.18
Premenopausal

Cases 35 32 8

Controls 40 42 17

OR 1.0 0.62 0.32

95% CI 0.27-1.40 0.10-1.10 0.06
Postmenopausal

Cases 115 118 4

Controls 92 141 50

OR 1.0 0.73 0.85

95% CI 0.49-1.09 0.50-1.47 0.35
Fish®# =12 13-52 =53
All subjects

Cases 148 163 41

Controls 136 193 53

OR 1.0 0.76 0.64

95% CI 0.54-1.09 0.38-1.09 0.06
Premenopausal

Cases 28 43 4

Controls 4 4 11

OR 1.0 1.97 0.54

95% CI 0.88-4.37 0.11-2.65 0.65
Postmenopausal

Cases 120 120 37

Controls 92 149 4?2

OR 1.0 0.62 0.63

95% CI 0.41-0.93 0.35-1.12 0.04

“ Intake in servings per year.
® Total meat includes red meat, white meat, and
< Premenopausal was defined as women who reported regular vaginal bleeding over the course of the last year.
9 Postmenopausal was defined as women who reported lack of regular vaginal bleeding for more than 1 year.
€ Red meat includes beef, lamb, and processed meat.

/ White meat includes poultry and fish.
# Intake of lamb, poultry, and fish was categorized in tertiles.
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Table 5 Relative risks of breast cancer associated with cooking method”®

All risks are adjusted for age, residence, family history of breast cancer in a first-degree relative, age at menarche, parity, previous history of benign breast disease, total

energy, vegetable intake, and fat intake.

. Quartile P for
Cooking method I . - v wrend
Fried meat? =104 105-156 157-208 =209
All subjects

Cases 65 81 84 122

Controls 107 133 85 57

OR 1.0 1.16 1.36 2.71

95% ClI 0.73-1.85 0.83-2.22 1.61-4.55 <0.001
Premenopausal®

Cases 10 17 17 31

Controls 27 34 18 20

OR 1.0 1.68 292 2.82

95% ClI 0.53-5.37 0.88-9.73 0.91-8.77 0.05
Postmenopausal®

Cases 55 64 67 91

Controls 80 99 67 37

OR 1.0 1.08 1.10 2.57

95% Cl 0.64-1.84 0.63-1.92 1.39-4.74 0.004
Broiled meat® =52 53-104 105-168 =169
All subjects

Cases 87 83 75 107

Controls 125 116 82 59

OR 1.0 0.83 0.86 1.57

95% CI 0.53-1.30 0.53-1.39 0.95-2.59 0.10
Premenopausal

Cases 13 17 19 26

Controls 25 31 19 24

OR 1.0 0.57 1.24 0.69

95% CI 0.19-1.76 0.40-3.89 0.21-2.22 0.95
Postmenopausal

Cases 74 66 56 81

Controls 100 85 63 35

OR 1.0 0.89 0.73 1.88

95% CI 0.54-1.46 0.42-1.26 1.04-3.39 0.12
Boiled meat® =42 43-78 79-130 =131
All subjects

Cases 77 116 119 40

Controls 78 130 114 60

OR 1.0 0.80 0.81 0.42

95% CI 0.50-1.27 0.51-1.29 0.23-0.78 0.02
Premenopausal

Cases 13 25 24 13

Controls 14 27 36 22

OR 1.0 091 0.55 0.29

95% CI 0.26-3.17 0.16-1.86 0.07-1.25 0.06
Postmenopausal

Cases 64 91 95 27

Controls 64 103 78 38

OR 1.0 0.85 0.98 0.44

95% CI 0.51-1.42 0.58-1.68 0.21-0.90 0.16

“ Meats included were beef, lamb, poultry, fish, and bacon.
b Servings per year.

< Premenopausal was defined as women who reported regular vaginal bleeding over the course of the last year.
4 Postmenopausal was defined as women who reported lack of regular vaginal bleeding for more than 1 year.

Because meat and fat intake are highly correlated, it could be
difficult to evaluate separate effects of meat and fat. In our data
set, the correlation between heterocylic amines and energy-
adjusted total fat was only 0.43. Therefore, we included in all
models a term for energy-adjusted fat intake and a term for total
energy intake. As a result, the correlation between meat vari-
ables and fat dropped from 0.43 to 0.39. This allowed us to
estimate separate ORs for meat variables (including heterocy-
clic amines) and for total fat intake.

Whereas fried meat was strongly associated with the risk
of breast cancer, broiled meat showed only a marginal increase
in risk. Moreover, boiled meat intake was associated with a
significant reduction in risk. The risk estimates for boiled meat
could be due to the presence of cooked vegetables in stew,
which is the richest source of this food item in this population.
The findings concerning fried meat are in accordance with
previous studies (32-33), which suggest that this food item is
the richest source of heterocyclic amines. These chemicals are
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Table 6 Relative risks of breast cancer associated with heterocyclic amine exposure (ng/g)

All risks are adjusted for age, residence, family history of breast cancer in a first-degree relative, age at menarche, parity, previous history of benign breast disease, total

energy, vegetable intake, and fat intake.

Heterocyclic Quartile P for
amine 1 I m v trend

(0] =0.42 0.43-0.66 0.67-1.01 =1.02
All subjects

Cases 53 77 92 130

Controls 124 123 81 54

OR 1.0 1.22 1.87 334

95% CI 0.75-1.99 1.10-3.15 1.85-6.02 <0.001
Premenopausal®

Cases 7 18 18 32

Controls 27 31 21 20

OR 1.0 1.89 2.70 2.15

95% CI 0.54-6.52 0.76-9.53 0.58-8.05 0.24
Postmenopausal®

Cases 46 59 74 98

Controls 97 92 60 34

OR 1.0 1.11 1.75 3.80

95% CI 0.64-1.92 0.96-3.19 1.90-7.60 <0.001
MelQx* =2.50 2.51-3.42 3.434.52 =4.53
All subjects

Cases 63 70 9 120

Controls 123 112 85 62

OR 1.0 1.12 1.60 2.13

95% CI 0.70-1.79 0.99-2.58 1.27-3.55 0.002
Premenopausal

Cases 11 22 16 26

Controls 33 29 19 18

OR 1.0 2.03 2.53 1.97

95% CI 0.69-5.97 0.77-8.28 0.60-6.42 0.23
Postmenopausal

Cases 52 48 83 94

Controls 90 83 66 4

OR 1.0 0.92 1.49 2.14

95% CI 0.54-1.78 0.86-2.57 1.17-3.89 0.006
PHiP =11.07 11.08-15.26 15.27-20.14 =20.15
All subjects

Cases 68 68 102 114

Controls 119 112 83 68

OR 1.0 1.06 1.81 2.59

95% CI 0.65-1.73 1.06-3.09 1.42-4.70 <0.001
Premenopausal

Cases 13 15 19 28

Controls 32 28 15 24

OR 1.0 1.19 1.24 1.16

95% CI 0.38-3.71 0.34-4.49 0.344.01 0.84
Postmenopausal

Cases 55 53 83 86

Controls 87 84 68 4

OR 1.0 1.02 1.85 3.31

95% CI 0.58-1.79 0.99-3.46 1.60-6.87 <0.001

“ Premenopausal were defined as women who reported regular vaginal bleeding over the course of the last year.
b Postmenopausal were defined as women who reported lack of regular vaginal bleeding for more than 1 year.

€ MelQx, 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline.

strong carcinogens in experimental animals (32-36), leading to
the production of colonic, pulmonary, renal, and mammary
tumors. It has been suggested (32-33) that heterocyclic amines
could be important chemicals in human breast carcinogenesis,
possibly as initiating agents.

This study provides some support to the carcinogenic
potential of heterocyclic amine exposure in breast cancer. Pre-
vious studies in other cancer sites, mainly colon and lung, were
partially supportive of such an association (6, 37-40). In those

studies, heterocyclic amine effect was suggested by the cooking
method (frying or broiling) or through queries concerning the
doneness of meat. The present study combined both the cook-
ing method and the estimated content of heterocyclic amines in
the diet. Although the validity of our estimation of the content
of heterocyclic amines is open to question, it represents, to our
knowledge, the first attempt to estimate these substances, and it
could represent an important step to obtain reliable estimates of
heterocyclic amines in the diet. Our results were mostly similar
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Table 7 Relative risks of breast cancer associated with total fat and vegetable intake, with and without adjustment for meat intake

Variable Cases/controls OR1° 95% ClI OR2? 95% CI
Total fat®
=68.7 57/127 1.0 1.0
68.8-82.3 87/96 1.60 1.01-2.55 1.37 0.84-2.21
82.4-96.5 89/95 1.44 0.89-2.33 1.03 0.62-1.73
=96.6 119/64 3.16 1.90-5.25 2.08 1.21-3.57
P for trend <0.001 0.03
Vegetables”
=538 98/87 1.0 1.0
539-727 88/94 0.67 0.43-1.05 0.66 0.41-1.06
728-948 84/100 0.51 0.32-0.80 0.52 0.32-0.84
=949 82/101 0.45 0.28-0.72 0.46 0.28-0.75
P for trend <0.001 0.001

“ Adjusted for age (continuous), residence, family history of breast cancer in a first-degree relative, age at me

disease, and total energy intake (continuous).

b Adjusted for the same variables as OR1 plus beef intake.
¢ Intake in grams per day.

< Intake in servings per year.

for pre- and postmenopausal women, although the small sample
of premenopausal women resulted in wider CIs and in a lower
power to detect differences among both subsets of women.

Recent studies have emphasized the interplay between
heterocyclic amines from meat and the metabolic phenotype in
the etiology of colon cancer (41-43). In particular, rapid N-
acetyltransferase metabolizers are at increased risk of colon
cancer; rapid metabolizers who eat well-done meat have a
6-fold increased risk in risk of colon cancer (42). It would be of
high importance to establish whether the same interactions with
the metabolic phenotype are present in breast cancer. Because
metabolic phenotype was not measured in our study, we were
unable to estimate this joint effect in our patients.

This study has limitations. First, our estimates of hetero-
cyclic amines should be considered a first step in constructing
a reliable data base for these important substances. Also, the
effect of the disease in hospitalized patients could modify the
usual diet, leading to under- or overestimation of the resulting
ORs. Nevertheless, our estimates for meat variables are in line
with those observed in previous studies (22-31). On the other
hand, controls were selected from the same hospitals as the
cases, they presented similar residence, and they had similar
educational levels. Therefore, they could be considered mem-
bers of the same (secondary) population base (44). In conclu-
sion, a high intake of fried meat and a high intake of hetero-
cyclic amines were significantly associated with an increased
risk of breast cancer.
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