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Abstract
Objective: We studied whether polymorphisms in N-acetyltransferase 1 and 2 and Glutathione S-transferase M1 and
T1 genes modify the association between meat consumption and breast cancer.
Methods: A nested case control was conducted in a Dutch prospective cohort. Breast cancer cases (229) and controls
(264) were frequency matched on age, town and menopausal status.
Results: There is no relation between any type of meat consumption (i.e., total meat, processed meat, fresh meat, red
meat and white meat) and breast cancer risk. Neither presence of NAT1 or NAT2 rapid genotype, or GSTT1 null
genotype, alone or in combination with meat consumption aﬀects breast cancer risk. Absence of GSTM1 shows
46% increased breast cancer risk (OR ¼ 1.46 (95% conﬁdence interval, 95% CI ¼ 1.02–2.09)). When stratifying
according to combined ‘GSTM1 genotype-meat consumption’ categories, breast cancer risk is slightly increased
with consumption of red meat both in women with genotype GSTM1 presence (OR ¼ 1.49 and 1.75 for intermediate
and high versus low consumption) and in GSTM1 null genotype (OR ¼ 1.18 and 1.02). These increases are
statistically not signiﬁcant. In postmenopausal women a suggestion of an eﬀect of red meat consumption is
observed: eﬀects are slightly stronger, although still not statistically signiﬁcant and without a clear dose–response
relation: OR ¼ 1.79 (95% CI ¼ 0.92–3.50) and 1.46 (1.46 (95% CI ¼ 0.76–2.82) for intermediate and high compared
to low red meat consumption respectively. Reliable evaluation of interaction is not possible due to the small number
of cancers.
Conclusion: GSTM1 null genotype increases breast cancer risk. Red meat consumption slightly increases breast
cancer risk, but the relation is not statistically signiﬁcant and GSTM1, NAT1, NAT2 and GSTT1 polymorphisms do
not modify this relation.

Introduction
It is assumed that breast cancer is caused by both
environmental and genetic factors. The role of environ* Address correspondence to: Petra H.M. Peeters, Julius Center for
Health Sciences and Primary Care, HP: D01.335, University Medical
Center Utrecht, P.O. Box 85500, 3508 GA Utrecht, The Netherlands.
Ph.: þ31-30-2509363; Fax: þ31-30-2505480/5484; E-mail: p.h.m.
peeters@jc.azu.nl

mental carcinogen exposure, e.g. dietary components, in
particular meat consumption, has not been well deﬁned.
A recent pooled analysis of eight prospective cohort
studies did not ﬁnd an association between intake of
total meat, red meat or white meat [1]. However, if meat
plays a role in the etiology of breast cancer this could be
through the formation of mutagens and/or carcinogens,
such as heterocyclic amines (HA), during high temperature cooking of meat [2]. Consumption of well-done
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meat has been associated with an increased human
breast cancer risk in some but not all epidemiological
studies [3–6].
2-amino-1-methyl-6-phenylimidazo[4,5-b]
pyridine
(PhIP) is the most abundant and carcinogenic HA in
grilled meat and therefore a role for this compound is
strongly implied [7]. In vitro studies have now shown
that PhIP is metabolically activated and forms DNA
adducts in human mammary epithelial cells [8]. A recent
study showed that PhIP and benzo[a] pyrene (B[a]P)
bind to human breast DNA after administration of a
deﬁned low dose [9] and another study indicated that
carcinogens, among others HA, react with DNA in
human breast ductal epithelial cells [10].
After activation, HA are either detoxiﬁed or activated
to more potent carcinogens by N-acetyltransferases
(NAT1 and NAT2) [11]. Several polymorphisms are
known in the NAT1 and NAT2 genes, which result
phenotypically in individuals who are slow or rapid
acetylators [12]. Due to diﬀerences in enzyme activity,
polymorphisms in genes of metabolizing enzymes may
increase breast cancer risk in women who are exposed to
carcinogens from meat intake. Results on meat consumption, metabolic polymorphisms and their role in
breast cancer are conﬂicting [13–19].
Moreover, these studies focussed on N-acetyltransferases, while the carcinogens may be detoxiﬁed by
glutathione S transferases as well (GSTl1 and GSTh1)
[20, 21]. Enzyme activity of GSTl1 or GSTh1 can also
vary between individuals because of an inherited deletion of GSTM1 or GSTT1 gene, resulting in the null
genotype [22].
The aim of the present study was to investigate the
relation between meat intake, polymorphisms in all the
genes, (NAT1, NAT2, GSTM1, GSTT1), and breast
cancer risk in a nested case–control study.

Materials and methods
Study population
We conducted a nested case–control study using subjects
enrolled in the Monitoring Project on Cardiovascular
Disease Risk Factors conducted in three Dutch towns,
i.e. Amsterdam, Maastricht and Doetinchem, between
January 1987 and December 1991. More than 36,000
men and women were enrolled. A detailed description of
this project was published previously [23]. In brief, each
year, a random sample of men and women, aged 20–
59 years, was selected from the municipal registries of
the three towns and invited to participate. The overall
response rate was 50% for men and 57% for women.
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The Medical Ethical Committee of the University of
Leiden, The Netherlands, approved the study protocol.
In Doetinchem, some subjects participated more than
once and duplicate observations from these participants
(n ¼ 1097; ﬁrst record was used) were excluded. We
further excluded subjects who could not be identiﬁed in
the National Population Database (n ¼ 24), whose vital
status by December, 31 1997 was unknown (n ¼ 343),
who disagreed with the release of medical records from
their general practitioner and were therefore not submitted for linkage to the cancer registry (n ¼ 597), did
not provide a blood sample (n ¼ 705), were of presumed
non-Caucasian ethnicity (n ¼ 1402), or had cancer
previous to their inclusion into the cohort (except nonmelanoma skin cancer and cervix cancer in situ or
lobular breast cancer in situ (n ¼ 542)). From the
resulting cohort, we included all ﬁrst incident breast
cancer cases and a random sample from the controls as
described below.
Follow-up for incident cancer from 1987 to 1997 was
achieved via computerized record linkage with the
Netherlands Cancer Registry (NCR) and with the three
regional cancer registries (IKA, IKL and IKO) serving
the areas of Amsterdam, Maastricht and Doetinchem,
respectively. NCR is a national registry of all malignant
tumors diagnosed from 1989 onwards in people living in
The Netherlands. Completeness, data consistency and
the possibility of duplicate records have extensively been
checked [24]. Because data from NCR were complete
only for the period 1989 to the end of 1996, additional
information from the regional cancer registries was
used. For 1987 and 1988 completeness of data from
these registries varied between 60 and 100% depending
on registry and year. For 1997, data from the three
regional cancer registries were 100% complete and for
1998, data were 100% complete for IKL only. Records
from the cohort were linked using a method based on
the two-stage process developed by Van den Brandt
et al. [25]. In total, 251 breast cancer cases were
identiﬁed. A random sample of controls matched to the
cases with the same age (ﬁve year intervals), menopausal
status, and residence was drawn. We over-sampled our
control population by 20% since the success rate of
DNA isolation was expected not to be 100%. Our study
population consisted of 251 cases and 300 controls.
Meat consumption
Meat consumption was recorded at baseline by use of a
self-administered questionnaire. Dietary habits were
estimated using a short semi-quantitative food frequency method, validated by use of a dietary history
method [26]. For women, Spearman’s rank correlation
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coeﬃcient for the reproducibility of meat intake as
estimated by the questionnaire was r ¼ 0.56 and 0.40 for
relative validity [26]. As the questionnaire was designed
to estimate exposure to risk factors of cardiovascular
diseases, emphasis was on foods supposed to increase
the risk and the questionnaire included separate questions on beef, pork, poultry and ﬁsh. Consumption was
assessed in six categories: never, less than once per
month, 1 – 3 times monthly, once per week, 2–4 times
weekly, and more than 4 times per week. In addition,
frequency of consumption of ﬁve typically Dutch meat
snacks was asked in categories of never, less than once
weekly, once weekly, 2–6 times per week, and daily.
Participants were also asked how many sandwiches with
meat ﬁlling they used to consume daily.
For each meat item, consumption in gram per day was
calculated by the median frequency of the chosen
answer category (i.e. for the category ‘2–4 times weekly’
we assumed a consumption of 3/7 times per day),
multiplied by its standard portion size. Portion sizes of
every meat type were derived from a Dutch national
reference book on portion sizes and food coding [27].
Red meat intake in grams per day was calculated by
adding up intake of beef and pork. White meat intake in
grams per day was calculated by adding up poultry and
ﬁsh intake. Fresh meat consumption was deﬁned as sum
of red and white meat consumption. Processed meat
intake was calculated by adding grams of all processed
meat items. Finally, total meat consumption comprised
fresh plus processed meat intake.
Consumption of vegetables and fruit was calculated in
a similar way. Energy intake was estimated using data
from the computerized version of the Dutch food
composition table in 1993 to estimate portion size [28].
Genotype
All participants provided a blood sample that was
separated into plasma, erythrocytes, and buﬀy coat and
was stored at )20 °C. Mean storage time until DNA
isolation was 11.5 years. For three cases and two
controls, no sample could be retrieved.
DNA was isolated from buﬀy coats of 229 cases and
264 controls (success rate of 91.2% for cases and 88%
for controls). DNA was diluted to 20 ng/ll and stored at
4 °C in deep-well microtiter plates. All genotyping was
determined blind to case–control status.
We determined NAT1 genotype by sequencing two
parts of the NAT1 gene (nucleotides 150–650 and 750–
1150). Nucleotide sequence was determined after puriﬁcation of the ampliﬁed PCR products with Qiaquick
PCR Puriﬁcation Kit (Qiagen, Valencia CA) using the
Big-Dye Terminator Cycle Sequencing Kit (Applied
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Biosystems, Foster City, CA). Electrophoresis and
analysis of DNA sequence reactions were performed
with an ABI 310 Genetic Analyzer. Five samples were
included in a radioactive hybridization experiment and
genotyping results were the same.
NAT2 genotype was determined using single nucleotide polymorphism-speciﬁc polymerase chain reaction
primers and ﬂuorogenic probes as described by Doll and
Hein [29]. Six polymorphic sites were investigated,
C282T, T341C, C481T, G590A, A803G, G857A. Since
our study population was Caucasian, we did not include
G191A [12]. As controls three (homozygote wildtype,
heterozygote, homozygote mutant) samples were used in
every PCR. Distribution of NAT alleles in our study
population was as expected in a Caucasian population
(Appendix 1).
Presence or absence of the GSTM1 and GSTT1 gene
was assessed by multiplex PCR as described by Chen
et al. [30]. Brieﬂy, segments of GSTM1 and GSTT1 were
ampliﬁed along with a segment of human b-globin. The
PCR products were analyzed on agarose gels. A
fragment of 215 bp indicated the presence of GSTM1,
a fragment of 480 bp indicated the presence of GSTT1
and a fragment of 268 bp indicated the positive internal
control b-globin. Two controls, known to be GSTM1
and GSTT1 positive, were used. Presence or absence of
GSTM1 and GSTT1 relied on visual inspection of two
independent observers. PCR products were inspected
twice and concordance within and between the observers
was over 95%.
Data analysis
Relations with breast cancer were analyzed for total
meat, processed meat, fresh meat, red meat and white
meat. Meat consumption was categorized in three
groups of almost equal size. Total meat consumption
was categorized in <75, 75–99, 100 g per day. Processed meat consumption was categorized in <20, 20–
34, 35 g per day. Fresh meat consumption was
categorized in <45, 45–59, 60 g per day. Red meat
was categorized in <30, 30–44, 45 g per day. White
meat was categorized in <15, 15–29, 30 g per day.
For NAT1 the corresponding phenotype is not clear.
An initial report on increased activity associated with
the NAT1*10 allele [31] could not be supported in
subsequent studies [32–35]. However, we maintain the
distinction of NAT1*10 and NAT1*10 in our studies.
Women with at least one NAT1*10 allele were classiﬁed
as rapid acetylators. Although only women with at least
one NAT1*14A, NAT1*14B, NAT1*15, NAT1*17 and
NAT1*22 should be classiﬁed as slow acetylators, this
last group is small and therefore all women with no
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NAT1*10 allele were classiﬁed as one group and referred
to as slow acetylators. Slow acetylators were used as
reference group.
For NAT2 genotype carriers of a NAT2*4, NAT2*12
or NAT2*13 allele were classiﬁed as rapid and the rest as
slow acetylators [36]. Slow acetylators were used as
reference group. Absence of GSTM1 or GSTT1 (null
genotype) in women was compared to women with those
genes present (reference group).
Odds ratio’s (OR) and 95% conﬁdence intervals (95%
CI) were calculated using logistic regression models. We
ﬁrst analyzed the eﬀect of meat with breast cancer as the
dependent variable and meat consumption as the
independent variable. Then, the eﬀect of genotype was
assessed. To evaluate the combined eﬀect of meat
consumption and metabolic genotype, a logistic regression model was used with breast cancer as the dependent
variable and a combination of meat consumption and
genotype as the independent variable. The joint eﬀect of
gene and environment was analyzed using two-by-six
tables.
In all models, age, menopausal status, and town were
included as covariates because cases and controls were
frequency matched. When meat was analyzed, in addition to these covariates energy intake (kJ per day
(continuous)) was also included. These models are
referred to as ‘base models’. Other factors considered
for confounding were smoking (never, <10, 10–19, 20
pack-years (i.e., number of cigarettes per day divided by
20 and multiplied by years of smoking)), alcohol
consumption (never, <6, 6–14, 15 g per day), BMI
(continuous), age at ﬁrst full term pregnancy (not
applicable, <22, 22–25, 26), age at menarche (continuous), and education (primary, technical, secondary and
academic), fruit consumption in grams per day (continuous), vegetables consumption in grams per day (continuous) (referred to as full model). We decided to
include confounders in the ﬁnal model if exclusion from
the full model changed the risk estimate more than 10%
(referred to as ‘ﬁnal’ model). We show results for the full
model as well as for the ﬁnal model. Tests for Hardy–
Weinberg equilibrium were conducted by comparing
observed and expected polymorphisms and genotype
frequencies using a v2 test. All analyses were conducted
using SPSS 9.0.

Results
Characteristics of the study population are shown in
Table 1. Breast cancer cases reported more packyears of
smoking than controls although this was not statistically
signiﬁcant. No signiﬁcant diﬀerence was observed
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Table 1. Baseline characteristics of the study population
Cases (n = 229) Controls (n = 264)
No (% or sd)
No (% or sd)
Age (years)
Age menopause
Menopausal status
Pre
Natural menopause
Artiﬁcial menopause
Age at menarche
Nulliparous (yes)
Age ﬁrst full term pregnancy
Height (cm)
Weight (kg)
Body Mass Index
Highest level of education
Primary school
Technical
Secondary
Academic

47.5 (8.0)
49.2 (3.5)

47.0 (9.1)
48.9 (3.9)

127 (55.5)
68 (29.7)
34 (14.8)
13.4 (1.6)
51 (22.3)
25.6 (4.0)
164.9 (6.8)
68.3 (11.3)
25.1 (4.1)

136 (51.5)
85 (32.2)
43 (16.3)
13.4 (1.5)
60 (22.7)
24.6 (3.9)
165.0 (6.6)
69.5 (11.9)
25.5 (4.2)

60 (26.3)
106 (46.5)
31 (13.6)
31(13.6)

69 (26.2)
122 (46.4)
32 (12.2)
40 (15.2)

Diet
Vegetarian

23 (10)

31 (11.7)

Total meat (g/day)
Fresh meat (g/day)
Processed meat (g/day)
Fresh red meat (g/day)
Fresh white meat (g/day)
Fruit (g/day)
Vegetables (g/day)
Alcohol (g ethanol/day)
Energy intake (kj/day)

88.5 (31.8)
58.3 (25.0)
30.2 (20.8)
36.3 (18.1)
22.0 (17.2)
111 (63)
142 (63)
7.26 (9.83)
6076 (1244)

89.8 (36.7)
61.2 (29.2)
28.6 (20.1)
34.9 (19.6)
26.3 (22.8)
112 (67)
142 (84)
6.77 (9.88)
6175 (1488)

Smoking (packyears)

12.0 (13.5)

10.1 (12.8)

Values are means (sd) or numbers (%).

between the genotyped and non-genotyped persons (22
cases and 36 controls) with respect to these characteristics (data not shown). For NAT1 and NAT2, all
polymorphisms were in HW equilibrium with p > 0.05
by v2 test.
As shown in Table 2, breast cancer risk is not related
to total meat consumption, or to any of the meat
subcategories, although there is a tendency for increased
breast cancer risk for red meat and decreased risk for
white meat consumption.
Estimates calculated from the base model did not
diﬀer substantially from the estimates obtained from the
full model. Therefore, the ﬁnal model is equal to the
base model. Main eﬀects of the metabolic genotypes are
shown in Table 3. Only for GSTM1 null genotype,
compared to GSTM1 presence, an increased breast
cancer risk was observed, OR ¼ 1.46 (95% CI ¼ 1.02–
2.09), which was more pronounced in postmenopausal
women (OR ¼ 1.83 (95% CI ¼ 1.07–3.13)) than in premenopausal women (OR ¼ 1.18 (95% CI ¼ 0.73–1.94)).

NAT1, NAT2, GSTM1, GSTT1, meat and breast cancer
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Table 2. Meat consumption and breast cancer risk
Cases n (%)

Controls n (%)

ORa

ORb

Total meat(g/day)
<75
75–99
100
Total

75 (32)
79 (32)
74 (36)
228

85 (32)
79 (31)
97 (37)
261

1.00
1.17 (0.74–1.87)
0.94 (0.59–1.50)

1.00
1.18 (0.75–1.86)
0.93 (0.59–1.48)

Processed meat (g/day)
<20
20–34
35
Total

88 (38)
64 (28)
77 (34)
229

97 (37)
77 (30)
88 (33)
262

1.00
0.95 (0.60–1.49)
1.08 (0.60–1.70)

1.00
0.95 (0.61–1.49)
1.05 (0.67–1.64)

Fresh meat (g/day)
<45
45–69
70
Total

63 (28)
92 (40)
73 (32)
228

80 (31)
79 (30)
103 (39)
262

1.00
1.61 (1.02–2.56)
0.95 (0.59–1.56)

1.00
1.49 (0.95–2.35)
0.93 (0.60–1.47)

Fresh red meat (g/day)
<30
30–44
45
Total

70 (30)
77 (34)
82 (36)
229

94 (36)
81 (31)
88 (33)
263

1.00
1.30 (0.82–2.06)
1.32 (0.84–2.08)

1.00
1.31 (0.83–2.05)
1.30 (0.83–2.02)

Fresh white meat (g/day)
<15
15–29
30
Total

102 (45)
55 (24)
71 (31)
228

100 (38)
68 (26)
94 (36)
262

1.00
0.80 (0.50–1.27)
0.75 (0.49–1.14)

1.00
0.83 (0.53–1.31)
0.76 (0.50–1.15)

a
OR from the full model: in addition to base model (adjusted for age, menopausal status, town, energy intake) adjusted for smoking, alcohol,
age at menarche and BMI.
b
Final Model: adjusted for age, menopausal status, town, and energy intake (is equivalent to the base model).

Table 3. NAT1, NAT2, GSTM1, GSTT1 genotypes and breast cancer risk
Genotypes

Cases n (%)

Controls n (%)

ORa

ORb

NAT1 genotype
non NAT1*10
NAT1*10
Total

151 (66)
77 (34)
228c

176 (67)
88 (33)
264

1.00
1.07 (0.73–0.57)

1.00
1.03 (0.70–1.50)

NAT2 genotype
Slow
Rapid
Total

143 (62)
86 (38)
229

158 (60)
106 (40)
264

1.00
0.88 (0.61–1.28)

1.00
0.88 (0.61–1.28)

GSTM1
Present
Absent (Null genotype)
Total

96 (42)
133 (58)
229

134 (51)
129 (49)
263c

1.00
1.52 (1.06–2.19)

1.00
1.46 (1.02–2.09)

GSTT1
Present
Absent (Null genotype)
Total

193 (84)
36 (16)
229

213 (81)
50 (19)
263c

1.00
0.77 (0.48–1.24)

1.00
0.78 (0.49–1.26)

a
OR from the full model: in addition to base model (adjusted for age, town and menopausal status), adjusted for smoking, alcohol, age at
menarche and BMI.
b
Final model: adjusted for age, town, and menopausal status (is equivalent to the base model).
c
For one sample it was not possible to determine NAT1genotype and for another it was not possible to determine GSTM1 and GSTT1
presence or absence.
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Total meat consumption in combination with rapid
NAT1 or NAT2 genotype or in absence of GSTT1 did
not inﬂuence breast cancer risk. A joint eﬀect of meat
subcategories (i.e., processed, fresh, red and white meat)
and one of those genotypes was also not observed (data
not shown).
When stratifying women according to combined
‘GSTM1 genotype-meat consumption’ categories
(Table 4), breast cancer risk is only slightly related to
consumption of red meat in women with GSTM1
present. The risks for intermediate and high amount of
consumption compared to a low amount of consumption are: OR ¼ 1.49 (95% CI ¼ 0.76–2.94) and
OR ¼ 1.75 (95% CI ¼ 0.91–3.70) respectively. The eﬀect
of red meat consumption in women with GSTM1 null
genotype is also small, or absent; for intermediate and
high amount of consumption OR ¼ 1.18 (¼2.28/1.94)

and 1.02 (¼1.98/1.94), respectively, when compared to
low consumption in women with GSTM1 null genotype.
These risks are not statistically signiﬁcant, and do not
consistently show to be related in a dose dependent
manner to amount of red meat consumption. Test for
interaction is not signiﬁcant, so there is no modifying
eﬀect of GSTM1 on the relation between red meat
consumption and breast cancer risk.
Statistically signiﬁcant increased risks are observed
for women with combined ‘GSTM1 null genotype and
any amount of red meat consumption’ compared to
women with ‘GSTM1 present and low consumption’
(Table 4). These eﬀects are attributable to the main
eﬀect of GSTM1 null genotype that increases breast
cancer risk irrespective of meat consumption. For
postmenopausal women eﬀects of red meat consumption are slightly stronger, although still not statistically

Table 4. GSTM1 genotype and meat consumption and breast cancer risk
GSTM1

Present
Present
Present
Null
Null
Null
Total
Present
Present
Present
Null
Null
Null
Total
Present
Present
Present
Null
Null
Null
Total
Present
Present
Present
Null
Null
Null
Total

Meat
Total meat (g/day)
<75
75–100
100
<75
75–100
100
Fresh meat (g/day)
<45
45–69
70
<45
45–69
70
Red meat (g/day)
<30
30–45
45
<30
30–45
45
White meat (g/day)
<30
30–45
45
<30
30–45
45

Cases n (%)

Controls n (%)

ORa

ORb

28 (12)
37 (16)
30 (13)
47 (21)
42 (18)
44 (20)
228

45 (17)
38 (14)
51 (20)
39 (15)
41 (16)
46 (18)
260

1.00
1.62
1.06
2.12
1.85
1.75

(0.82–3.18)
(0.54–2.10)
(1.10–4.06)
(0.92–3.61)
(0.90–3.40)

1.00
1.62
1.02
1.98
1.74
1.66

(0.83–3.14)
(0.52–2.00)
(1.04–3.75)
(0.90–3.35)
(0.87–3.17)

23 (10)
38 (17)
34 (15)
40 (17)
54 (24)
39 (17)
228

43 (16)
36 (14)
55 (21)
36 (14)
43 (16)
48 (19)
262

1.00
2.07
1.26
2.23
2.80
1.64

(1.03–4.16)
(0.64–2.51)
(1.11–4.49)
(1.43–5.47)
(0.83–3.24)

1.00
1.96
1.21
2.11
2.43
1.56

(0.99–3.88)
(0.62–2.36)
(1.07–4.18)
(1.27–4.68)
(0.80–3.05)

25 (11)
35 (15)
40 (17)
45 (19)
46 (20)
42 (18)
229

48 (19)
41 (16)
45 (17)
45 (17)
40 (15)
43 (16)
262

1.00
1.49
1.80
2.04
2.37
2.11

(0.75–2.98)
(0.92–3.51)
(1.06–3.94)
(1.22–4.60)
(1.08–4.14)

1.00
1.49
1.75
1.94
2.28
1.98

(0.76–2.94)
(0.91–3.70)
(1.02–3.68)
(1.19–4.38)
(1.03–3.81)

44 (19)
20 (9)
31 (14)
58 (25)
35 (15)
40 (18)
228

51 (20)
38 (14)
45 (17)
49 (19)
29 (11)
49 (19)
261

1.00
0.62
0.85
1.51
1.55
1.00

(0.31–1.24)
(0.45–1.59)
(0.85–2.68)
(0.80–2.97)
(0.55–1.82)

1.00
0.65
0.84
1.44
1.50
0.98

(0.33–1.30)
(0.45–1.57)
(0.82–2.52)
(0.79–2.85)
(0.55–1.76)

a
Odds ratio from the full model: in addition to base model (adjusted for age, town, menopausal status, and energy intake) adjusted for
smoking, alcohol, age at menarche and BMI.
b
Final model: adjusted for age, town, menopausal status, and energy intake (is equivalent to the base model).
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signiﬁcant (data not shown): OR ¼ 1.79 (95% CI ¼ 0.92–
3.50) and 1.46 (95% CI: 0.76–2.82) for intermediate and
high compared to low red meat consumption respectively. The eﬀect of red meat is statistically signiﬁcant
and strong in women with GSTM1 present (OR ¼ 4.46
and 4.97 (for intermediate and high consumption versus
low, respectively). But in women with GSTM1 null
genotype, red meat consumption shows no or even a
reversed (preventive) eﬀect (OR ¼ 0.97 and 0.64 for
intermediate and high red meat consumption versus low,
respectively). Due to the diﬀerent slopes, the test for
interaction is signiﬁcant, although the number of breast
cancer cases is small (i.e., 101 cases).

Discussion
Risk of breast cancer is statistically signiﬁcant increased
in women with GSTM1 null genotype. Red meat
consumption – if any – only slightly increases breast
cancer risk, both in women with GSTM1 present or
absent. Amount of red meat consumption does not
inﬂuence the eﬀect in a dose dependent way; and there is
no modifying eﬀect of GSTM1 genetic make up on the
relation between meat and breast cancer. For other
metabolizing genes (NAT1, NAT2, and GSTT1) there is
no eﬀect on breast cancer risk and we did not ﬁnd any
modifying eﬀect of these genes on the relation between
meat and breast cancer risk.
A nested case control study has as a major advantage
over a conventional case control study that meat
consumption data are collected prior to disease occurrence thus excluding recall bias of consumption due to
the presence of the disease. Exclusion of cases occurring
in the ﬁrst year of follow-up did not change the results,
which indeed indicates that information on meat consumption was probably not biased by presence of
(latent) disease.
Furthermore, the exclusion of early diagnosed cases to
minimize potential recall bias, will at the same time
result in an analysis with complete case ascertainment
for remaining study persons. Due to the initiation of the
cancer registration in the late 1980’s in the Netherlands
registration was still incomplete in the ﬁrst year of the
follow-up of cohort participants (1987–1988). In addition, for the years 1997 and 1998 identiﬁcation of cases
was based on regional cancer registries only. However,
this has caused only few missed cases and was estimated
to be less than 0.3% [24]. Since study results were the
same when analyses were done for cases occurring after
the ﬁrst year of study entry, non-complete case ascertainment was not considered to have a meaningful
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inﬂuence on our ﬁndings, except somewhat reducing our
power.
Since genotyping was done blinded to case or control
status any misclassiﬁcation is therefore random and will,
if anything, dilute the results.
The cohort study was designed to estimate exposure
to risk factors of cardiovascular diseases; therefore
information on familial breast cancer risk was not
included in our study. Other known breast cancer risk
factors showed risks as expected, i.e., each delayed year
of age at ﬁrst full term pregnancy increased risk with 7%
(OR ¼ 1.07 (95% CI ¼ 1.02–1.13)).
Main eﬀects of total meat consumption on breast
cancer risk were not observed in the present study. This
is consistent with a pooled analysis of cohort studies [1].
Due to absence of data, our analysis did not take into
account ‘well doneness’ of meat. Mutagens and carcinogens are formed during cooking at high temperature
[37]. To be more speciﬁc, fried, barbecued or ﬂamebroiled meats have a higher mutagenic activity than
stewed, baked, boiled or steamed meat [2]. Fried meat
was associated with breast cancer in a case–control
study from Uruguay [3]. In addition these authors found
a signiﬁcant positive eﬀect for the highest quartile of
estimated HA exposure. Zheng et al. [5] found that
consumption of well-done meat might play an important
role in breast cancer risk. It is known that in The
Netherlands, the preparation of red meat is more often
fried than barbecued.
We did not observe signiﬁcantly elevated breast
cancer risks for women who possess a NAT1, NAT2
or GSTT1 hypothesized high-risk genotype alone or
combined with any category of meat consumption. In
general there have been no consistent results reported on
acetylator genotype, meat consumption and breast
cancer risk. No combined eﬀect of meat and NAT2
acetylator genotype was found in two studies [15, 19],
but one study showed that among women with rapid
NAT2 genotype, consumption of well-done meat was
associated with a nearly eight-fold elevated breast cancer
risk compared with those consuming rare or mediumdone meat [14].
We observed an increased breast cancer risk for
women with GSTM1 null genotype, independent of the
amount of red meat intake. This risk was even higher in
postmenopausal women. This might be a reﬂection of
cumulative life time exposure to carcinogens, which is
for postmenopausal women higher than for premenopausal women.
Another recent meta-analysis concluded that meat
intake does increase breast cancer risk (meat intake in
highest level compared to lowest (RR = 1.17 (95%
CI ¼ 1.06–1.29))) [38]. In accordance with this result, we
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observe for red meat consumption slightly increases in
breast cancer risk, both in women with and without
GSTM1 null genotype. Absence of a red meat dose
response relation may suggest that potential procarcinogens in red meat are detoxiﬁed by other enzymes, or
that other carcinogens, not from red meat, play a role in
breast cancer development. There is no modifying eﬀect
of GSTM1 on the relation between meat and breast
cancer. We observed strong and statistically signiﬁcant
eﬀects of red meat consumption only in postmenopausal
women who have GSTM1 present (OR > 4). But the
eﬀect of red meat consumption was absent or even
reversed in women with GSTM1 null genotype (test for
interaction p < 0.04). This is biologically hard to
understand and in combination with the small number
of cases included in this sub-analysis (n ¼ 101), we
should consider a false positive result as a clariﬁcation
too. At least, this result should be replicated in other
studies before concluding that red meat consumption
may increase breast cancer risk in postmenopausal
women.
In conclusion, this study shows an eﬀect of GSTM1
null genotype: women who have a genetically determined defect in their detoxiﬁcation process of carcinogens are at increased risk for breast cancer. We found
slightly increased risks for red meat consumption, but
not statistically signiﬁcant. We were unable to show
modifying eﬀects of any of the metabolizing genes
NAT1, NAT2, GSTT1 or GSTM1 on the relation
between red meat consumption and breast cancer risk.
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Appendix 1.
Frequencies of NAT1 and NAT2 alleles.
Alleles

Cases

Controls

n

%

n

%

13
394
97
8
8
1
3
3
1
528

2.5
74.6
18.4
1.5
1.5
0.2
0.6
0.6
0.2

112
14
216
4
154
0
1
17
5
2
1
526

21.3
2.7
41.1
0.8
29.3

NAT1 alleles
NAT1*3
NAT1*4
NAT1*10
NAT1*11
NAT1*14A
NAT1*14B
NAT1*15
NAT1*17
NAT1*22
Total

12
334
87
8
9

2.6
73.2
19.1
1.8
2.0

1
2
3
456

0.2
0.4
0.7

NAT2 alleles
NAT2*4
NAT2*5A
NAT2*5B
NAT2*5C
NAT2*6A
NAT2*6B
NAT2*6C
NAT2*7B
NAT2*12A
NAT2*12B
NAT2*13
Total

98
10
196
9
131
1
1
11
1
0
0
458

21.3
2.2
42.8
2.0
28.7
0.2
0.2
2.4
0.2

0.2
3.2
0.9
0.4
0.2
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