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Abstract

Migrant and experimental animal studies suggest that
differences in breast cancer incidence rates may be
related, in part, to intake of dietary fat. The experimental
evidence indicates that total fat, saturated, and n-6
polyunsaturated fatty acids (PUFASs) may stimulate both
mammary tumor growth and metastasis, whereas n-3
PUFAs may have a tumor-inhibiting effect. Overall,
epidemiological studies do not appear to confirm such
observations. Within a cohort of women in the New York
University Women’s Health Study, the fatty acid
composition of serum phospholipids was analyzed by gas
chromatography among 197 pre- and postmenopausal
clinically identified breast cancer subjects and their
matched controls. Individual fatty acids in serum
phospholipids were expressed as a per centage of total
fatty acids. No significant difference was observed

in the proportion of saturated fatty acids (SFAS),
monounsatur ated fatty acids, or n-6 and n-3 PUFAs
between cases and controls. After menopause, total SFAs
wer e positively associated with the risk of breast cancer
[odds ratio (OR) = 1.96, 95% confidence interval (Cl):
0.73-5.25; P = 0.05] after adjustment for potential
confounding factors. Myristc acid (C14:0) was
suggestive of a small increase in breast cancer risk in
premenopausal women (OR = 2.22, 95% CI: 0.78-6.31),
wher eas palmitic acid (C16:0) showed similar trendsin
postmenopausal women (OR = 2.57, 95% CI: 0.99-6.61).
Overall, total PUFAs (n-6 and n-3) were suggestive of a
small protective effect (OR = 0.59, 95% CI: 0.31-1.09).
No significant associations wer e found between other
fatty acids and the risk of breast cancer. The study
suggested evidence of an association between serum levels
of SFAs and the risk of breast cancer in postmenopausal
women. Neither individual n-3 fatty acids of marine
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origin, eicosapentaenoic acid (C20:5 n-3), and
docosahexaenoic acid (C22:6 n-3), nor n-6 PUFAs were
related to cancer risk in this study.

Introduction

Both migrant studies (1, 2) and experimental animal studiesin
rodents (3) suggest that differences in breast cancer rates are
partly related to dietary fat intake and especialy to the quantity
and quality of fat ingested. Studies in rodents suggest that n-6
PUFAS? stimulate both mammary tumor growth and metastasis
(4), whereas n-3 PUFAs, particularly those of marine origin
(eicosapentaenoic acid, C20:5 n-3 and docosahexaenoic acid,
C22:6 n-3) have a tumor-inhibiting effect (4, 5). SFAs have
been associated with an increase in breast cancer risk in some
experimental animal studies (4) and have suppressed the de-
velopment of mammary tumors in others (6). However, sup-
plementation with modest amounts of n-6 PUFA, particularly
linoleic acid (C18:2 n-6), has been reported to suppress the
inhibitory effect of SFA (7) and n-3 PUFA (8) during the
promotion phase of chemically induced carcinogenesis, sug-
gesting that dietary C18:2 n-6, rather than SFA or n-3 PUFA,
is a more important modulator of mammary carcinogenesis.
Results on the effect of MUFAs and especialy oleic acid on
mammary tumor development have been inconsistent (9).

In epidemiological studies in which questionnaires were
used to assess fat intake, some case-control studies found a
positive relationship between the risk of breast cancer and total
fat intake (10—-15) or saturated fat (14, 16—19). Dietary intake
of mononsaturated fatty acids was shown to be positively
related to breast cancer risk in a combined analysis of 12
case-control studies (20) and in a meta-analysis of 10 case-
control studies (21), whereas dietary intake of PUFAs did not
show any association with breast cancer risk (20, 21). Some
cohort studies have aso supported the finding of case-control
studies on total fat (22—24), SFA (22, 25), MUFA (22, 23), and
PUFA (26-28). However, no association between breast cancer
risk and different types of fat was observed in statistical pooled
analysis (29, 30) and in meta-analysis (21, 31) of cohort studies.

Studies involving biological measurement of dietary fat
intake are scarce mainly because of the logistical difficulty of
collecting and storing biological samples. The assessment of fat
intake in these studies is based on the analysis of the fatty acid
composition of adipose tissue, erythrocyte membrane, serum,
or plasma. This methodology has the advantage of not being
dependent on subjects’ self-reported dietary habits, which can
be affected by systematic and random measurement errors. As
the half-life of fatty acidsin adiposetissueis ~2 years (32), the

2 The abbreviations used are: PUFA, polyunsaturated fatty acid; SFA, saturated
fatty acid; MUFA, monounsaturated fatty acid; NYUWHS, New Y ork University
Women's Health Study; FAME, fatty acid methyl ester; RR, relative risk; Cl,
confidence interval; OR, odds ratio; IGF, insulin-like growth factor.
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Tablel Characteristics of study subjects*

Premenopausal Postmenopausal
Variable
Cases (n = 91) Controls (n = 91) Cases (n = 106) Controls (n = 106)
Age at blood sampling 43.44 (4.67) 43.35 (4.66) 58.79 (3.45) 58.79 (3.45)
Age at menarche 12.36 (1.53) 12.47 (1.38) 12.42 (1.24) 12.61 (1.51)
Age at first full-term birth 25.75 (5.46) 24.14 (5.41) 25.78 (4.56) 25.49 (4.34)
Age at menopause 49.66 (5.62) 48.56 (5.91)
Height (cm) 163.42 (7.52) 163.6 (6.55) 162.17 (6.13) 161.44 (6.25)
Weight (kg) 64.34 (13.29) 66.14 (13.87) 69.85 (12.06) 67.20 (14.04)
Body mass index (kg/cm?) 24.05 (4.27) 24.72 (5.02) 26.55 (4.32) 25.82 (5.19)
Nulliparous (%) 42.86 36.26 27.36 20.75
History of benign breast disease (%) 34.07 16.48 28.30 16.04
Family history of breast cancer (%) 34.07 19.78 22.64 19.81
2Mean (SD).

fatty acid composition of this tissue can provide precious in-
formation about long-term intake. s.c. fat aspiration, however,
requires a local anesthetic and may be painful and time-
consuming. Therefore, fatty acid fractions from blood samples
areamore practical aternative. Triglyceride fatty acid fractions
may depend on the type and amount of fat consumed during
recent meals and are not the most appropriate markers of usual
dietary habits. Asthefatty acid composition of serum or plasma
phospholipids reflects medium-term (weeks to months) intake
of dietary fat (33), this blood fraction can be used as a biolog-
ical marker of habitual availability and metabolism of fatty
acids in large-scale epidemiological studies.

With the aim of elucidating the relationship between se-
rum fatty acid profiles and breast cancer risk, we carried out a
nested case-control study within the cohort of the NYUWHS.
We analyzed the fatty acid composition of serum phospholipids
of women with clinically identified breast cancer and their
matched controls. We focused on 22 individual fatty acids
belonging to the four major fatty acid families: SFAs; MUFAS;
and n-6 and n-3 PUFASs. Individual fatty acids were expressed
as the percentage of total fatty acids in serum phospholipids.

Materials and Methods

Subjects. Subjects were women ages 34—65 years who par-
ticipated in a prospective cohort study on hormones, diet, and
cancer, the NYUWHS between 1985 and 1991 (34, 35). They
were classified as postmenopausal at entry if they had had no
menstrual cycles during the 6 months preceding enrollment or
if they had had atotal bilateral oophorectomy. They completed
self-administered questionnaires, including information on
usual food consumption, lifestyle, anthropometric, and repro-
ductive characteristics, and were asked to donate 30 ml of
nonfasting peripheral venous blood at baseline and before
breast examination. The times of last food intake and blood
donation were recorded. Additional blood samples were drawn
from approximately one-half of the participants at subsequent
screening visits. After donation, the blood samples were kept at
room temperature for 1 min, then at 4°C for 60 min to allow clot
retraction, then centrifuged at 600 X g for 15 min. Serum
obtained in this way was partitioned into 1-ml aliquots and
stored at —80°C until laboratory analysis.

Study subjects were followed up to identify all cases of
cancer occurring during the study period. Follow-up consisted
of periodic direct contacts by mail, telephone, and record link-
ages with the state-wide tumor registries of New York, New
Jersey, Connecticut, Florida, and with mortality databases. The
vast majority of reported cancer cases were confirmed through

an internal review of clinical and pathological documents. A
capture-recapture analysis estimated that 95% of incident breast
cancer cases in our cohort were identified (36). The last com-
plete follow-up was carried out in December 1998. The time
between recruitment and cancer diagnosis ranged from 0.6 to
8.9 years, with an average of 4.3 years (median, 4.3 years).
Mean age at cancer diagnosis was 56 years (median, 57 years).
Seventy-five percent of the case subjects were diagnosed 2.9
years after cohort recruitment, whereas 25% were diagnosed
after 5.7 years.

Subjects diagnosed with breast cancer =6 months after

cohort recruitment and before 1995 were included in this nested
case-control study. Originally, 394 women (197 cases and 197
controls) were selected. Controls were cohort members free of
cancer, randomly selected among those who matched a case by
age at recruitment (+3 months), menopausal status at baseline
(pre- or postmenopausal), date of baseline blood sampling
(=3 months), and number of blood samplings before a case’s
date of diagnosis. If premenopausal, controlswere also matched
by phase and day of the menstrual cycle at the time of baseline
blood collection. One control wasidentified for each case. Only
the baseline blood samples were used for the analysis of serum
fatty acids in this study.
Analysis of Fatty Acid Composition in Serum Samples.
Samples were analyzed in the Unit of Nutrition and Cancer
Laboratory at the International Agency for Research on Cancer
(Lyon, France). Samples were identified by a code number and
ordered randomly within a batch. Each batch included 8 sub-
jects and 2 samples from a standard pool for quality control.
Cases and their matched controls were analyzed in the same
batch and on the same day.

Lipids were extracted from serum samples according to
the method of Chajes et al. (37). Briefly, tota lipids were
extracted with 6 ml of chloroform-methanol 2:1 (v:v). Two
phases were obtained after the addition of 1.5 ml of NaCl to the
mixture. The chloroform layer, which contained total lipids,
was transferred to a tube and evaporated to dryness under
nitrogen. The lipid extract was dissolved in 200 ul of chloro-
form-methanol 2:1. Phospholipids were purified by adsorption
chromatography on silica tubes and then converted to FAMEs
using 25 ul of methyl-prep I1.

FAMESs were separated on a gas chromatograph (Hewlett
Packard, Palo Alto, CA) equipped with an on-column injector
and a capillary column (length: 30 m, diameter: 0.32 mm;
Supelco, Bellefonte, PA). The initial oven temperature was
65°C. It rose to 135°C at arate of 5°C/min from 135 to 200°C
at arate of 2°C/min and from 200 to 220°C at arate of 2°C/min.
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Table2 Percentage + (SD) of fatty acid composition of serum phospholipids in study subjects

Premenopausal Postmenopausal
Fatty acid (%)
Cases (n = 91) Controls (n = 91) Cases (n = 106) Controls (n = 106)
SFA
14:0 0.2(0.1) 0.3(0.1) 0.3(0.1) 0.3(0.1)
16:0 24.9 (1.5) 25.1(1.6) 249 (1.6) 25(13)
18:0 14.3 (1.0 142(1.2) 14.7 (1.2) 14.7 (1.0)
Total SFA* 40 (1.1) 40.1(1.1) 40.4 (1.4) 40.6 (1.1)
MUFA
16:1 n-7 0.5(0.2) 0.5(0.2) 0.6 (0.2) 0.6 (0.2)
18:1 n-9t 0.4(0.2) 0.5(0.8) 0.4 (0.8) 0.3(0.1)
18:1 n-9c 8.6 (1.0) 8.7(1.7) 85(1.4) 8.7(1.1)
181 n-7c 16 (0.3 1.6 (0.3) 1.7(0.3) 1.7(0.3)
Total MUFA® 114 (1.3 11.7(1.8) 11.5(1.5) 11.5(1.3)
n-6 PUFA
18:2 n-6 24.3(3.7) 24.3(3.0) 23.6(2.9) 23.4(3.0)
18:3 n-6 0.1(0.0) 0.1(0.0) 0.1(0.0) 0.1(0.0)
20:2 n-6 0.3(0.1) 0.3(0.1) 0.3(0.1) 0.3(0.1)
20:3 n-6 3.1(0.8) 3.1(0.8) 3.2(0.9) 3.2(0.8)
20:4 n-6 13.1(23) 12.8(2.3) 12.7 (2.0) 12.7(2.1)
22:4 n-6 0.5(0.2) 0.5(0.4) 0.4(0.2) 0.4(0.2)
22:5n-6 0.4(0.1) 0.4(0.1) 0.3(0.1) 0.4(0.1)
Total n-6° 41.4(2.6) 41.1(2.3) 404 (2.3) 40.2 (2.7)
n-3 PUFA
18:3 n-3 0.2(0.1) 0.2(0.1) 0.2(0.1) 0.2(0.1)
20:5n-3 0.9 (0.6) 0.9(0.7) 1.1(0.6) 1.1(0.8)
22:5n-3 1.0(0.2) 1.0(0.2) 1.0(0.2) 1.0(0.2)
22:6 n-3 4.8(1.8) 4.7 (1.6) 5.1(1.6) 51(1.7)
Total n-3¢ 6.8(2.2) 6.7 (2.1) 74(21) 7.4(2.4)

2Included 14:0 + 15:0 + 16:0 + 17:0 + 18:0 + 20:0.
®Included 16:1 n-7c + 18:1 n-9c + 18:1 n-9t + 18:1 n-7c + 20:1 n-9.

®Included 18:2 n-6 + 18:3 n-6 + 20:2 n-6 + 20:3 n-6 + 20:4 n-6 + 22:4 n-6 + 22:5 n-6.

9Included 18:3 n-3 + 20:5 n-3 + 22:5 n-3 + 22:6 n-3.

The final temperature was then kept constant for 10 min.
Helium was used as carrier gas at aflow rate of 1 ml/min, with
N, as a make-up gas for the flame ionization detector.

FAMEs were identified by their equivalent chain length in
comparison with standards (Sigma, St. Louis, MO). The rela-
tive amount for each fatty acid was expressed as the percentage
of total area

The between-day coefficients of variation were based on
the analysis of two samples from a standard serum pool for each
batch (55 batches). Coefficients of variation (n = 55) were
4.3% for 16:0, 3.0% for 18:0, 2.8% for 18:1 n-9c, 2.2% for 18:2
n-6, 4.7% for 20:5 n-3, and 4.9% for 22:6 n-3.

Statistical Analyses. The paired t test was used to compare
anthropometric values (weight, height, body massindex), age at
menarche, age at first full-term birth, and age at menopause of
cases and controls.

Age a menarche was categorized in four levels (1 =
younger than 12; 2 = 12; 3 = 13; and 4 = older than 13). Age
at menopause was categorized in four levels (1 = younger than
48; 2 = 48-51; 3 = older than 51; and 4 = premenopausal
women). Age at full-term birth was categorized in four levels
(1 = younger than 23; 2 = 23-26; 3 = older than 26; and 4 =
nulliparous women).

RRs and associated 95% Cls of exposure variables were
estimated by ORs calculated by conditional logistic regression.
Fatty acid values were first categorized into quartiles, which
were computed according to the entire sample of women and
modeled by dummy variables. The effect of known potential
confounders was examined in conditional logistic regression
models. RR estimates (OR) were adjusted by family history,
age at first full-term birth, cholesterol, and history of treatment

for benign breast conditions. These variables were systemati-
caly included in the model because they were consistently
associated with breast cancer risk. Age at menarche and body
mass index [body weight(kg)/height(m)?] were not signifi-
cantly associated with breast cancer and their inclusion in the
model did not substantially change the effect of fatty acids on
breast cancer risk. The statistical significance of these variables
was assessed by the likelihood ratio test. The test for trend of
main exposure was performed using variables on categorized
scale (coded as 1, 2, 3, 4). Separate models were used for pre-
and postmenopausal women to investigate possible different
exposure/disease associations, in strength and direction, be-
tween the two groups.

Results

The study included 197 cases (91 pre- and 106 postmenopausal
women) and 197 controls (91 pre- and 106 postmenopausal
women). Table 1 shows the characteristics of subjects partici-
pating in the study: there were no significant differences be-
tween cases and controls in age a menarche, age at first
full-term birth, age at menopause, and body mass index. The
proportion of parous women was higher among controls (72%)
than cases (65.5%). The adjusted RR for parous women com-
pared with nulliparous women was 0.52 (95% Cl: 0.28—0.97;
P = 0.04). Family history of breast cancer as well as history of
treatment for benign breast diseases were more frequent among
cases (28 and 31%, respectively) than controls (20 and 16%,
respectively). Family history was weakly related to breast can-
cer risk (RR = 1.57, 95% CI: 0.95-2.61; P = 0.08). Women
who had previously undergone a biopsy for benign breast
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Table3 Estimated RR (OR) of breast cancer and 95% Cls for quartiles of percentages of serum phospholipids fatty acid®

OR (95% Cl)

) Menopausal -
Fatty acids Status Quartile P for the overall P for trend with
2nd 3rd 4th categorical variable the score variable
Saturates
14:0 PreP 0.48 (0.20-1.14) 1.27 (0.52-3.08) 2.22(0.78-6.31) 0.07 0.14
Post 0.59 (0.24-1.44) 0.72 (0.28-1.88) 0.57 (0.23-1.41) 0.62 0.37
Total 0.59 (0.33-1.07) 0.97 (0.52-1.81) 0.91 (0.49-1.67) 0.27 0.86
16:0 Pre 1.36 (0.49-3.71) 0.53(0.19-1.43) 1.20 (0.45-3.21) 0.21 0.87
Post 1.85 (0.80-4.26) 2.07 (0.75-5.75) 257 (0.99-6.61) 0.26 0.07
Total 1.57 (0.85-2.92) 1.01 (0.52-1.99) 1.64 (0.86-3.14) 0.20 0.27
18:0 Pre 1.01 (0.39-2.61) 1.27 (0.51-3.28) 2.31(0.69-7.78) 0.53 0.19
Post 1.62 (0.64-4.11) 0.88 (0.34-2.29) 1.01 (0.42-2.47) 0.59 0.65
Tota 1.24 (0.66-2.36) 1.04 (0.55-1.97) 1.18 (0.60-2.30) 0.91 0.79
Total SFA® Pre 0.62 (0.24-1.71) 0.85 (0.33-2.14) 1.66 (0.56-4.89) 0.40 0.45
Post 1.26 (0.49-3.21) 3.91(1.41-10.87) 1.96 (0.73-5.25) 0.05 0.09
Tota 0.89 (0.46-1.70) 1.75(0.92-3.34) 1.46 (0.74-2.83) 0.18 0.11
Monounsaturates
16:1 n-7 Pre 1.31(0.53-3.24) 1.36 (0.55-3.37) 1.07 (0.41-2.79) 0.91 0.77
Post 0.96 (0.37-2.36) 1.11 (0.47-2.59) 1.27 (0.54-3.09) 0.92 053
Tota 1.09 (0.59-1.99) 1.25(0.69-2.27) 1.16 (0.62-2.16) 0.90 0.53
18:1 n-9t Pre 1.40 (0.47-4.18) 0.94 (0.31-2.88) 1.02 (0.36 (2.88) 0.85 0.80
Post 0.67 (0.27-1.68) 1.07 (0.42-2.73) 0.36 (0.13-1.03) 0.14 0.13
Tota 1.01 (0.52-1.98) 1.08 (0.55-2.11) 0.66 (0.33-1.31) 0.41 0.25
18:1 n-9c Pre 0.41 (0.16-1.06) 0.52 (0.18-1.52) 0.96 (0.37-2.45) 0.24 0.91
Post 1.18 (0.49-2.82) 2.06 (0.84-5.05) 1.84(0.72-4.71) 0.38 0.13
Total 0.75 (0.41-1.39) 1.25 (0.66-2.37) 1.23(0.65-2.32) 0.41 0.33
18:1 n-7c Pre 1.12 (0.43-2.95) 0.55 (0.211.45) 0.63 (0.22-1.79) 054 0.31
Post 0.98 (0.36-2.65) 1.09 (0.45-2.62) 0.72 (0.28-1.84) 0.81 0.57
Total 1.00 (0.51-1.95) 0.85 (0.46-1.58) 0.74 (0.38-1.46) 0.81 0.36
Total MUFAY Pre 0.44 (0.18-1.08) 0.57 (0.21-1.58) 1.13 (0.42-3.04) 0.18 0.82
Post 1.01 (0.42-2.44) 1.55 (0.65-3.72) 1.38(0.55-3.49) 0.71 0.37
Total 0.71 (0.39-1.29) 1.02 (0.54-1.94) 1.15 (0.60-2.18) 043 0.45
PUFA n-6 Pre 1.23(0.45-3.37) 1.25 (0.41-3.84) 1.11 (0.42-2.94) 0.97 0.93
18:2 n-6 Post 0.91 (0.40-0.36) 0.83 (0.36-1.88) 1.04 (0.40-2.67) 0.96 0.94
Total 1.03 (0.55-1.92) 0.99 (0.51-1.90) 1.01 (0.52-1.95) 0.99 0.98
18:3 n-6 Pre 1.04 (0.46-2.33) 1.07 (0.39-2.97) 1.65 (0.57-4.78) 0.80 0.39
Post 1.42 (0.54-3.72) 0.75 (0.29-1.92) 1.46 (0.54-3.96) 0.40 0.79
Total 1.18(0.65-2.15) 0.86 (0.44-1.66) 1.45 (0.73-2.89) 0.45 0.50
20:2n-6 Pre 1.71 (0.66-4.41) 0.76 (0.27-2.17) 0.94 (0.38-2.35) 0.39 051
Post 0.74 (0.28-1.98) 1.15 (0.53-2.46) 0.71 (0.27-1.87) 0.69 0.83
Total 1.24 (0.65-2.38) 1.02 (0.56-1.84) 0.82 (0.43-1.56) 0.68 0.47
20:3 n-6 Pre 2.17(0.91-5.19) 1.01 (0.41-2.49) 1.90 (0.77-4.72) 0.18 0.40
Post 0.87 (0.36-2.12) 1.69 (0.67-4.28) 1.21 (0.48-3.03) 0.45 0.34
Total 1.25 (0.69-2.24) 1.29 (0.70-2.38) 1.44 (0.77-2.66) 0.71 0.27
20:4 n-6 Pre 0.69 (0.25-1.91) 1.68 (0.59-4.73) 0.62 (0.23-1.69) 0.18 0.68
Post 0.78 (0.34-1.80) 0.61 (0.27-1.38) 0.89 (0.40-1.94) 0.67 0.64
Total 0.79 (0.43-1.46) 0.99 (0.55-1.81) 0.81 (0.45-1.47) 0.80 0.66
22:4 n-6 Pre 1.66 (0.57-4.86) 1.95 (0.65-5.85) 1.86 (0.57-6.01) 0.69 0.38
Post 1.76 (0.75-4.13) 1.02 (0.43-2.47) 0.87 (0.35-2.17) 0.46 0.63
Total 1.53(0.81-2.88) 1.32 (0.69-2.53) 1.17 (0.59-2.30) 0.59 0.81
22:5 n-6 Pre 1.17 (0.39-3.56) 1.45 (0.51-4.10) 1.52 (0.564.12) 0.83 0.37
Post 1.60 (0.72-3.59) 1.76 (0.74-4.20) 1.28 (0.53-3.13) 0.57 0.49
Total 1.39 (0.74-2.66) 1.58 (0.83-2.99) 1.43 (0.76-2.69) 0.55 0.22
Total n-6° Pre 1.31(0.46-3.77) 0.73(0.27-1.98) 0.64 (0.22-1.86) 0.50 0.22
Post 1.45 (0.65-3.25) 1.09 (0.49-2.41) 0.69 (0.28-1.73) 0.48 0.49
Total 1.39(0.75-2.58) 0.97 (0.53-1.78) 0.70 (0.36-1.36) 0.23 0.20
PUFA n-3 Pre 0.86 (0.35-2.10) 1.37 (0.54-3.46) 0.97 (0.41-2.26) 0.76 0.84
18:3 n-3 Post 1.46 (0.64-3.36) 0.86 (0.32-2.28) 0.64 (0.26-1.57) 0.35 0.23
Tota 1.14 (0.63-2.06) 1.14 (0.59-2.15) 0.80 (0.44-1.46) 0.65 0.48
20:5 n-3 Pre 1.09 (0.48-2.46) 0.56 (0.20-1.58) 0.82(0.32-2.11) 0.67 0.46
Post 0.86 (0.33-2.22) 1.14 (0.43-3.01) 0.91 (0.32-2.62) 0.90 0.99
Tota 0.95 (0.53-1.69) 0.87 (0.47-1.63) 0.85 (0.44-1.65) 0.96 0.61
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Table3 Continued

OR (95% Cl)

) Menopausal -
Fatty acids Status Quartile P for the overall P for trend with
2nd 3rd 4th categorical variable the score variable

22:5n-3 Pre 1.33(0.52-3.36) 0.66 (0.26-1.68) 1.20 (0.42-3.47) 054 0.70
Post 0.69 (0.29-1.65) 0.44 (0.17-1.12) 0.82 (0.33-2.04) 0.29 0.65

Total 0.97 (0.53-1.75) 0.62 (0.33-1.15) 1.05 (0.55-2.02) 0.30 0.73

22:6 n-3 Pre 0.48 (0.19-1.19) 0.40 (0.14-1.13) 0.83 (0.27-2.58) 0.25 0.51
Post 1.21 (0.49-2.99) 1.23(0.52-2.94) 0.67 (0.27-1.70) 0.47 0.41

Tota 0.76 (0.41-1.41) 0.79 (0.41-1.49) 0.70 (0.35-1.40) 0.76 0.49

Total n-3 Pre 0.49 (0.20-1.21) 0.51 (0.19-1.39) 0.79 (0.29-2.18) 0.35 0.52
Post 1.30(0.52-3.27) 1.14 (0.44-2.95) 0.68 (0.26-1.74) 0.45 0.30

Tota 0.79 (0.43-1.44) 0.80 (0.41-1.56) 0.69 (0.35-1.34) 0.73 0.30

Tota n-3and n-6 Pre 0.52 (0.18-1.47) 0.47 (0.17-1.26) 0.60 (0.24-1.54) 0.48 0.39
Post 0.86 (0.39-1.87) 0.85 (0.34-2.16) 0.42 (0.17-1.08) 0.31 0.09

Tota 0.77 (0.42-1.41) 0.68 (0.36-1.30) 0.59 (0.31-1.09) 0.42 0.09

16:0/16:1 n-7 Pre 0.56 (0.20-1.57) 0.81(0.31-2.13) 0.68 (0.26-1.79) 0.69 0.73
Post 0.73 (0.32-1.69) 0.75 (0.34-1.66) 0.96 (0.39-2.33) 0.82 0.89

Total 0.69 (0.37-1.28) 0.82 (0.45-1.49) 0.83 (0.44-1.55) 0.71 0.74

18:0/18:1 n-9c Pre 0.55 (0.21-1.46) 1.34 (0.51-3.49) 1.29 (0.50-3.28) 0.38 0.43
Post 1.49 (0.61-3.62) 1.07 (0.47-2.41) 0.60 (0.24-1.49) 0.32 0.25

Total 0.98 (0.52-1.84) 1.09 (0.59-2.01) 0.85 (0.46-1.59) 0.88 0.72

PUFA/SFA Pre 0.43(0.15-1.25) 0.51(0.19-1.30) 0.45 (0.17-1.23) 0.37 0.21
Post 0.98 (0.44-2.21) 0.63 (0.28-1.43) 1.17 (0.49-2.76) 0.52 0.27

Total 1.11 (0.62—2.00) 0.82 (0.45-1.51) 0.65 (0.34-1.22) 0.34 0.12

2 OR adjusted for age at first full-term birth, family history of breast cancer, history of benign breast disease, and total cholesterol.
b Pre, premenopausal women; Post, postmenopausal women; Total, entire population (pre- + postmenopausal women).

¢Included 14:0 + 15:0 + 16:0 + 17:0 + 18:0 + 20:0.
9Included 16:1 n-7c + 18:1 n-9c + 18:1 n-9t + 18:1 n-7c + 20:1 n-9.

¢Included 18:2 n-6 + 18:3 n-6 + 20:2 n-6 + 20:3 n-6 + 20:4 n-6 + 22:4 n-6 + 22:5 n-6.

fIncluded 18:3 n-3 + 20:5 n-3 + 22:5n-3 + 22:6 n-3.

disease presented a 2-fold increase in breast cancer risk (RR =
2.08, 95% ClI: 1.3-3.54; P = 0.003).

Table 2 gives the fatty acid composition of serum phos-
pholipids. The magjor fatty acids in serum were represented by
palmitic acid (C16:0), linoleic acid (C18:2 n-6), oleic acid
(C18:1 n-9c), and arachidonic acid (C20:4 n-6). The tota
PUFASs (n-3 and n-6 PUFA) represent >48% of serum fatty
acids in cases as well as controls. Mean values of fatty acids
expressed as a percentage of total fatty acids were not different
between cases and controls.

The estimated RRs (OR) for the association between
breast cancer and serum levels of different fatty acids are
givenin Table 3. Among individual SFAs, an increasing risk
tendency was observed in the highest quartile for myristic
acid (C14:0) in premenopausal women (OR = 2.22, 95% ClI:
0.78-6.31; P = 0.07 for overall categorical variable and
P = 0.14 for the score variable) and for pamitic acid
(C16:0) in postmenopausal women (OR = 2.57, 95% CI:
0.99-6.61; P = 0.26 for overall categorical variable and
0.07 for the score variable). The percentage of total SFAsin
serum phospholipids was positively and significantly asso-
ciated with breast cancer risk after menopause (OR = 1.96,
95% CI: 0.73-5.25; P = 0.05 for overall categorical variable
and 0.09 for the score variable).

No significant associations were found between individual
or total MUFASs and breast cancer risk.

Concerning n-6 PUFAS, neither the essential fatty acid of
this group, linoleic acid (C18:2 n-6), nor other long-chain n-6
fatty acids were associated with breast cancer risk.

Individual n-3 fatty acids of marine origin, eicosapentae-

noic acid (C20:5 n-3) and docosahexaenoic acid (C22:6 n-3), or
other individual or total n-3 fatty acids were not associated with
therisk of breast cancer in this study. However, the results were
suggestive of asmall protective effect for total PUFAs n-6 and
n-3 (OR = 0.58, 95% CI: 0.31-1.09).

Discussion

In this prospective study, we examined the fatty acid compo-
sition of phospholipids in serum of 394 subjects to determine
the role of different types of fatty acids in the incidence of
breast cancer.

Overal, we did not find an association between individual
or total MUFA or PUFA and breast cancer risk. The only
systematic finding was a significant positive association be-
tween serum SFA levels and breast cancer risk after meno-
pause.

Our investigation was based on blood samples collected at
baseline in a prospective cohort study. The major strength of
this approach isthat it is very unlikely that the fatty acid profile
we measured could be influenced by the presence of undetected
cancer. A study on reliability of fatty acid composition in
human serum phospholipids in the NYUWHS cohort (38)
showed that fatty acid levels in a single blood sample per
subject have a good correlation with repeat measurements after
a 2-3-year interval. The fatty acid composition of serum phos-
pholipids can therefore be a useful tool in epidemiological
studies. Some caution, however, is required for the extrapola-
tion of our results because the metabolism modifies fatty acids
absorbed with diet in a complex manner, mainly as elongation
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and desaturation. Thus, biological levels are influenced by
dietary intake but are also correlated to endogenous metab-
olism.

We observed no evidence of a relationship between the
levels of serum phospholipids, MUFASs, or PUFAs and the risk
of breast cancer. Similar findings were reported by a cohort
study (37), which also analyzed the fatty acid composition of
serum phospholipids. A case-control study, aso based on the
analysis of serum phospholipids (39), found no association
between MUFAs or n-3 PUFA. On the contrary, a tendency for
a lower risk of breast cancer with an increasing proportion of
total n-6 PUFA was observed. MUFAs were significantly as-
sociated with breast cancer risk in a cohort study (40) but not
in a case-control study (41), which analyzed the fatty acid
composition of phospholipids in erythrocyte membranes. No
consistent patterns of association were observed for MUFA in
case-control studies on s.c. adipose tissue (42) or breast adipose
tissue (43, 44). PUFAs were inversely associated with breast
cancer risk in a cohort study (40) based on the analysis of
phospholipidsin erythrocyte membranes but not in case-control
studies (42—45) on adipose tissues.

The percentage of serum total SFAs was associated with
breast cancer risk in postmenopausal women in the current
study. Subjects in the third and fourth quartile for total SFAs
had an OR of 3.91 and 1.96, respectively, compared with
women in the lowest quartile.

The relationship between dietary fat intake and breast
cancer risk was investigated by several other biomarker-based
studies. Total SFAs were positively but not significantly cor-
related with incidence of breast cancer in the European Com-
munity Multicenter Study on Antioxidants, Myocardial Infarc-
tion, and Breast Cancer (46), an ecological study that analyzed
the fatty acid composition of s.c. adipose tissue. Individual
SFAs (palmitic acid, C16:0) were also associated with the risk
of breast cancer in a nested case-control study carried out in
northern Sweden, which also analyzed the fatty acid composi-
tion of serum phospholipids (37), athough the results of case-
control studies on serum phospholipids fatty acid (39), s.c.
adipose tissue fatty acids (42), or adipose breast tissue fatty
acids (44) did not support this finding. The lack of association
in these studies might be related to selection biases. Indeed, the
majority of these case-control studies used hospital-based con-
trols, and the presence of another disease, even benign, may
have modified fat metabolism and consequently influenced the
results.

A combined analysis of 12 case-control studies (20),
several other case-control studies (12, 14, 17-19), as well as
two cohort studies (22, 25) have reported that SFA consump-
tion was arisk factor for breast cancer. Our findings on SFAs
were similar to those of a case-control study conducted by
some of us (P. T., E. R.)) in Italy (16). The latter was based
on dietary intake questionnaire measurements and showed a
3-fold increase in risk for postmenopausal women in the
highest quartile of SFA intake, although the association was
not statistically significant for premenopausal subjects.
However, apooled analysis of 7 prospective studies failed to
support the association between SFA intake and breast can-
cer (29).

It is not yet clear how SFA could enhance mammary
carcinogenesis. One possibility is that fat may affect steroid
hormone levels. High levels of SFA in the peripheral tissue
could modulate the peripheral activity of estrogen through
esterification with estradiol. Estradiol can be converted to
estrogen fatty acid esters in the liver (47), uterus (48),
placenta (49), and breast (50). Estradiol fatty acid esters are

highly lipophilic and can be stored at relatively high con-
centration in fatty tissues (51). The mammary gland contains
considerable amounts of fat, which can be used as areservoir
for the storage of these esters. The latter have long half-lives
and can release the estradiol after the metabolic cleavage of
fatty acid esters by esterase (52, 53). The steroid hormone
pool obtained from the degradation of these hydrophobic
esters could act as a promoter in breast cancer risk. The
endogenous and/or exogenous factors, which can influence
the synthesis, storage, and hydrolysis of estrogen fatty acid
esters, are not known. Additional studies are needed to
determine the exact role of these fatty acid esters in the
etiology of breast cancer.

SFAs may also influence mammary tumorigenesis by
increasing the risk of insulin resistance. The relation be-
tween blood fatty acid levels and insulinemia has been
examined in few human studies. Serum insulin was posi-
tively associated with the percentage of serum SFAsin these
studies (54, 55). Increasing the content of SFA within cell
membranes in cultured cells has been associated with a
decrease in membrane permeability, the number, and the
sensitivity of insulin receptors (56, 57), which together may
lead to insulin resistance and therefore to hyperinsulinemia.
Chronic hyperinsulinemia has been shown to be associated
with an increase in free IGF-1 and a decrease in |GF-binding
protein 1. Epidemiological studies have suggested that an
increased bioactive level of IGF-I (58) and a decreased
serum level of IGF-binding protein | increase the risk of
developing breast cancer. This phenomenon may act in syn-
ergy with high amounts of estradiol, stored in fatty acid
esters, in promoting mammary carcinogenesis.

In summary, our results, in conjunction with some other
epidemiological studies suggest that SFAs may be related to the
risk of breast cancer after menopause. On the contrary, this
study does not lend support to the hypothesis that plasmalevels
of n-3 fatty acids, either total or long-chain PUFAs of marine
origin, are associated with reduced breast cancer risk. Addi-
tional epidemiological studies on biomarkers of fat intake are
needed to clarify the role of different subtypes of dietary fat in
breast cancer development.

Acknowledgments

We thank Béatrice Vozar and David Achaintre for technical assistance with the
laboratory measurements.

References

1. Buell, P. Changing incidence of breast cancer in Japanese-American women.
J. Natl. Cancer Inst. (Bethesda), 51: 1479-1483, 1973.

2. Modan, B., Barell, V., Lubin, F., and Modan, M. Dietary factors and cancer in
Israel. Cancer Res., 35: 3503-3506, 1975.

3. Fay, M. P,, Freedman, L. S, Clifford, C. K., and Midthune, D. N. Effect of
different types and amounts of fat on the development of mammary tumors in
rodents: a review. Cancer Res., 57: 3979-3988, 1997.

4. Fay, M. P., and Freedman, L. S. Meta-analyses of dietary fats and mam-
mary neoplasms in rodent experiments. Breast Cancer Res. Treat., 46: 215—
223, 1997.

5. Bougnoux, P., Germain, E., Lavillonniere, F., Cognault, S., Jourdan, M. L.,
Chajés, V., and Lhuillery, C. Polyunsaturated fatty acids and breast cancer.
Lipids, 34 (Suppl.): S99, 1999.

6. Welsch, C. W. Review of the effects of dietary fat on experimental mammary
gland tumorigenesis: role of lipid peroxidation. Free Radic. Biol. Med., 18:
757-773, 1995.

7. Hopkins, G. J., and Carroll, K. K. Relationship between amount and type
of dietary fat in promotion of mammary carcinogenesis induced by 7,12-
dimethylbenz[a]anthracene. J. Natl. Cancer. Inst. (Bethesda), 62: 1009-1012,
1979.

Downloaded from cebp.aacrjournals.org on November 8, 2018. © 2002 American Association for Cancer Research.


http://cebp.aacrjournals.org/

Cancer Epidemiology, Biomarkers & Prevention

8. Gabor, H., and Abraham, S. Effect of dietary menhaden oil on tumor cell
loss and the accumulation of mass of a transplantable mammary adenocarci-
noma in BALB/c mice. J. Natl. Cancer Inst. (Bethesda), 76: 1223-1229,
1986.

9. Welsch, C. W. Relationship between dietary fat and experimental mam-
mary tumorigenesis: a review and critique. Cancer Res., 52: 2040s-2048s,
1992.

10. Miller, A. B., Kelly, A., Choi, N. W., Matthews, V., Morgan, R. W., Munan,
L., Burch, J. D., Feather, J,, Howe, G. R., and Jain, M. A study of diet and breast
cancer. Am. J. Epidemiol., 107: 499-509, 1978.

11. Lubin, F., Wax, Y., and Modan, B. Role of fat, animal protein, and dietary
fiber in breast cancer etiology: a case-control study. J. Natl. Cancer Inst. (Be-
thesda), 77: 605-612, 1986.

12. La Vecchia, C., Decarli, A., Franceschi, S., Gentile, A., Negri, E., and
Parazzini, F. Dietary factors and the risk of breast cancer. Nutr. Cancer, 10:
205-214, 1987.

13. Ewertz, M., and Gill, C. Dietary factors and breast-cancer risk in Denmark.
Int. J. Cancer, 46: 779-784, 1990.

14. Ronco, A., De Stefani, E., Mendilaharsu, M., and Deneo-Pellegrini, H. Meat,
fat, and risk of breast cancer: a case-control study from Uruguay. Int. J. Cancer,
65: 328-331, 1996.

15. Wakai, K., Dillon, D. S., Ohno, Y ., Prihartono, J., Budiningsih, S., Ramli, M.,
Darwis, I., Tjindarbumi, D., Tjahjadi, G., Soetrisno, E., Roostini, E. S., Sakamoto,
G., Herman, S,, and Cornain, S. Fat intake and breast cancer risk in an areawhere
fat intake islow: a case-control study in Indonesia. Int. J. Epidemiol., 29: 20-28,
2000.

16. Toniolo, P., Riboli, E., Protta, F., Charrel, M., and Cappa, A. P. Calorie-
providing nutrients and risk of breast cancer. J. Natl. Cancer Inst. (Bethesda), 81:
278-286, 1989.

17. Gerber, M., Richardson, S., Crastes de Paulet, P., Pujol, H., and Crastes de
Paulet, A. Relationship between vitamin E and polyunsaturated fatty acids in
breast cancer. Nutritional and metabolic aspects. Cancer (Phila.), 64: 2347-2353,
1989.

18. Zaridze, D., Lifanova, Y., Maximovitch, D., Day, N. E., and Duffy, S. W.
Diet, acohol consumption, and reproductive factors in a case-control study of
breast cancer in Moscow. Int. J. Cancer, 48: 493-501, 1991.

19. Favero, A., Parpinel, M., and Franceschi, S. Diet and risk of breast cancer:
major findings from an Italian case-control study. Biomed. Pharmacother., 52:
109-115, 1998.

20. Howe, G. R., Hirohata, T., Hislop, T. G., Iscovich, J. M., Yuan, J. M.,
Katsouyanni, K., Lubin, F., Marubini, E., Modan, B., and Rohan, T. Dietary
factors and risk of breast cancer: combined analysis of 12 case-control studies.
J. Natl. Cancer Inst. (Bethesda), 82: 561-569, 1990.

21. Boyd, N. F., Martin, L. J.,, Noffel, M., Lockwood, G. A., and Trichler, D. L.
A meta-analysis of studies of dietary fat and breast cancer risk. Br. J. Cancer, 68:
627-636, 1993.

22. Knekt, P., Albanes, D., Seppanen, R., Aromaa, A., Jarvinen, R., Hyvonen, L.,
Teppo, L., and Pukkala, E. Dietary fat and risk of breast cancer. Am. J. Clin.
Nutr., 52: 903-908, 1990.

23. Howe, G. R., Friedenreich, C. M., Jain, M., and Miller, A. B. A cohort study
of fat intake and risk of breast cancer. J. Natl. Cancer Inst. (Bethesda), 83:
336-340, 1991.

24. Kushi, L. H., Sellers, T. A., Potter, J. D., Nelson, C. L., Munger, R. G., Kaye,
S. A., and Folsom, A. R. Dietary fat and postmenopausal breast cancer. J. Natl.
Cancer Inst. (Bethesda), 84: 1092-1099, 1992.

25. Toniolo, P., Riboli, E., Shore, R. E., and Pasternack, B. S. Consumption of
meat, animal products, protein, and fat and risk of breast cancer: a prospective
cohort study in New York. Epidemiology, 5: 391-397, 1994.

26. Willett, W. C., Hunter, D. J., Stampfer, M. J.,, Colditz, G., Manson, J. E.,
Spiegelman, D., Rosner, B., Hennekens, C. H., and Speizer, F. E. Dietary fat and
fiber inrelation to risk of breast cancer. An 8-year follow-up. J. Am. Med. Assoc.,
268: 2037-2044, 1992.

27. van den Brandt, P. A., van't Veer, P., Goldbohm, R. A., Dorant, E.,
Volovics, A., Hermus, R. J., and Sturmans, F. A prospective cohort study on
dietary fat and the risk of postmenopausal breast cancer. Cancer Res., 53:
75-82, 1993.

28. Holmes, M. D., Hunter, D. J,, Colditz, G. A., Stampfer, M. J., Hankinson,
S. E., Speizer, F. E., Rosner, B., and Willett, W. C. Association of dietary intake
of fat and fatty acids with risk of breast cancer. J. Am. Med. Assoc., 281:
914-920, 1999.

29. Hunter, D. J., Spiegelman, D., Adami, H. O., Beeson, L., van den Brandt,
P. A., Folsom, A. R., Fraser, G. E., Goldbohm, R. A., Graham, S., and Howe,
G. R. Cohort studies of fat intake and the risk of breast cancer—a pooled analysis.
N. Engl. J. Med., 334: 356-361, 1996.

30. Smith-Warner, S. A., Spiegelman, D., Adami, H. O., Beeson, W. L., van den
Brandt, P. A., Folsom, A. R., Fraser, G. E., Freudenheim, J. L., Goldbohm, R. A.,
Graham, S, Kushi, L. H., Miller, A. B., Rohan, T. E., Speizer, F. E., Toniolo, P.,
Willett, W. C., Woalk, A., Zeleniuch-Jacquotte, A., and Hunter, D. J. Types of
dietary fat and breast cancer: a pooled analysis of cohort studies. Int. J. Cancer,
92: 767-774, 2001.

31. Zock, P. L., and Katan, M. B. Linoleic acid intake and cancer risk: areview
and meta-analysis. Am. J. Clin. Nutr., 68: 142-153, 1998.

32. Dayton, S., Hashimoto, S., Dixon, W., and Pearce, M. L. Composition of
lipids in human serum and adipose tissue during prolonged feeding of a diet high
in unsaturated fat. J. Lipid Res., 7: 103-111, 1966.

33. Ribali, E., Ronnholm, H., and Saracci, R. Biological markers of diet. Cancer
Surv., 6: 685-718, 1987.

34. Toniolo, P. G., Levitz, M., Zeleniuch-Jacquotte, A., Banerjee, S., Koenig,
K. L., Shore, R. E., Strax, P., and Pasternack, B. S. A prospective study of
endogenous estrogens and breast cancer in postmenopausal women. J. Natl.
Cancer Inst. (Bethesda), 87: 190-197, 1995.

35. Zeleniuch-Jacquotte, A., Bruning, P. F., Bonfrer, J. M., Koenig, K. L., Shore,
R. E., Kim, M. Y., Pasternack, B. S., and Toniolo, P. Relation of serum levels of
testosterone and dehydroepiandrosterone sulfate to risk of breast cancer in post-
menopausal women. Am. J. Epidemiol., 145: 1030-1038, 1997.

36. Kato, |., Toniolo, P., Koenig, K. L., Kahn, A., Schymura, M., and
Zeleniuch-Jacquotte, A. Comparison of active and cancer registry-based fol-
low-up for breast cancer in a prospective cohort study. Am. J. Epidemiol.,
149: 372-378, 1999.

37. Chajes, V., Hulten, K., Van Kappel, A. L., Winkvigt, A., Kaaks, R., Hall-
mans, G., Lenner, P., and Riboli, E. Fatty-acid composition in serum phospho-
lipids and risk of breast cancer: an incident case-control study in Sweden. Int. J.
Cancer, 83: 585-590, 1999.

38. Zeleniuch-Jacquotte, A., Chajes, V., Van Kappel, A. L., Riboli, E., and
Toniolo, P. Reliability of fatty acid composition in human serum phospholipids.
Eur. J. Clin. Nutr., 54: 367-372, 2000.

39. Vatten, L. J,, Bjerve, K. S., Andersen, A., and Jellum, E. Polyunsaturated
fatty acids in serum phospholipids and risk of breast cancer: a case-control
study from the Janus serum bank in Norway. Eur. J. Cancer, 29A: 532-538,
1993.

40. Pala, V., Krogh, V., Muti, P., Chaés, V., Riboli, E., Micheli, A., Saadatian,
M., Sieri, S., and Berrino, F. Erythrocyte membrane fatty acids and subsequent
breast cancer: a prospective Italian study. J. Natl. Cancer Inst. (Bethesda), 93:
1088-1095, 2001.

41. Zaridze, D. G., Chevchenko, V. E., Levtshuk, A. A., Lifanova, Y. E.,
and Maximovitch, D. M. Fatty acid composition of phospholipids in eryth-
rocyte membranes and risk of breast cancer. Int. J. Cancer, 45: 807-810,
1990.

42. London, S. J, Sacks, F. M., Stampfer, M. J.,, Henderson, |. C., Maclure, M.,
Tomita, A., Wood, W. C., Remine, S., Robert, N. J., and Dmochowski, J. R. Fatty
acid composition of the subcutaneous adipose tissue and risk of proliferative
benign breast disease and breast cancer. J. Natl. Cancer Inst. (Bethesda), 85:
785-793, 1993.

43. Petrek, J. A., Hudgins, L. C., Levine, B., Ho, M., and Hirsch, J. Breast cancer
risk and fatty acids in the breast and abdominal adipose tissues. J. Natl. Cancer
Inst. (Bethesda), 86: 53-56, 1994.

44. Klein, V., Chajes, V., Germain, E., Schulgen, G., Pinault, M., Malvy, D.,
Lefrancg, T., Fignon, A., Le Floch, O., Lhuillery, C., and Bougnoux, P. Low
a-linolenic acid content of adipose breast tissue is associated with an increased
risk of breast cancer. Eur. J. Cancer, 36: 335-340, 2000.

45. Simonsen, N., van't Veer, P., Strain, J. J.,, Martin-Moreno, J. M., Huttunen,
J. K., Navgjas, J. F., Martin, B. C., Thamm, M., Kardinaal, A. F., Kok, F. J., and
Kohlmeier, L. Adipose tissue omega-3 and omega-6 fatty acid content and breast
cancer in the EURAMIC study. European Community Multicenter Study on
Antioxidants, Myocardia Infarction, and Breast Cancer. Am. J. Epidemiol., 147:
342-352, 1998.

46. Bakker, N., van't Veer, P., and Zock, P. L. Adipose fatty acids and cancers
of the breast, prostate and colon: an ecological study. EURAMIC Study Group.
Int. J. Cancer, 72: 587-591, 1997.

47. Schatz, F., and Hochberg, R. B. Lipoidal derivative of estradiol: the
biosynthesis of a nonpolar estrogen metabolite. Endocrinology, 109: 697—703,
1981.

48. Mellon-Nussbaum, S. H., Ponticorvo, L., Schatz, F., and Hochberg, R. B.
Estradiol fatty acid esters. The isolation and identification of the lipoidal deriv-
ative of estradiol synthesized in the bovine uterus. J. Biol. Chem., 257: 5678—
5684, 1982.

49. Martyn, P., Smith, D. L., and Adams, J. B. Properties of fatty acyl-coenzyme

A: estradiol-17 B acyltransferase in bovine placenta microsomes. Mol. Cell.
Endocrinal., 60: 7-13, 1988.

Downloaded from cebp.aacrjournals.org on November 8, 2018. © 2002 American Association for Cancer Research.

1359


http://cebp.aacrjournals.org/

1360

Serum Fatty Acids and Breast Cancer Risk in New York

50. Abul-Hajj, Y. J. Formation of estradiol-17 3 fatty acyl 17-estersin mammary
tumors. Steroids, 40: 149156, 1982.

51. Larner, J. M., Shackleton, C. H., Roitman, E., Schwartz, P. E., and Hochberg,
R. B. Measurement of estradiol-17-fatty acid esters in human tissues. J. Clin.
Endocrinol. Metab., 75: 195-200, 1992.

52. Larner, J. M., MacLusky, N. J., and Hochberg, R. B. The naturally occurring
C-17 fatty acid esters of estradiol are long-acting estrogens. J. Steroid Biochem.,
22: 407-413, 1985.

53. Vazquez-Alcantara, M. A., Menjivar, M., Garcia, G. A., Diaz-Zagoya, J. C.,
and Garza-Flores, J. Long-acting estrogenic responses of estradiol fatty acid
esters. J. Steroid Biochem., 33: 1111-1118, 1989.

54. Folsom, A. R., Ma, J., McGovern, P. G., and Eckfeldt, H. Relation between
plasma phospholipid saturated fatty acids and hyperinsulinemia. Metabolism, 45:
223-228, 1996.

55. Pelikanova, T., Kohout, M., Valek, J., Base, J., and Kazdova, L. Insulin
secretion and insulin action related to the serum phospholipid fatty acid patternin
healthy men. Metabolism, 38: 188-192, 1989.

56. Ginsberg, B. H., Jabour, J., and Spector, A. A. Effect of alterations in
membrane lipid unsaturation on the properties of the insulin receptor of Ehrlich
ascites cells. Biochim. Biophys. Acta, 690: 157-164, 1982.

57. Grunfeld, C., Baird, K. L., and Kahn, C. R. Maintenance of 3T3-L1
cells in culture media containing saturated fatty acids decreases insulin
binding and insulin action. Biochem. Biophys. Res. Commun., 103: 219-226,
1981.

58. Hankinson, S. E., Willett, W. C., Colditz, G. A., Hunter, D. J., Michaud,
D. S, Deroo, B., Rosner, B., Speizer, F. E., and Pollak, M. Circulating concen-
trations of insulin-like growth factor | and risk of breast cancer. Lancet, 351:
1393-1396, 1998.

Downloaded from cebp.aacrjournals.org on November 8, 2018. © 2002 American Association for Cancer Research.


http://cebp.aacrjournals.org/

Cancer Epidemiology, AAGR e
Biomarkers & Prevention

Serum Fatty Acids and Risk of Breast Cancer in a Nested
Case-Control Study of the New York University Women's

Health Study

Mitra Saadatian-Elahi, Paolo Toniolo, Pietro Ferrari, et al.

Cancer Epidemiol Biomarkers Prev 2002;11:1353-1360.

Updated version

Access the most recent version of this article at:
http://cebp.aacrjournals.org/content/11/11/1353

Cited articles

Citing articles

This article cites 51 articles, 8 of which you can access for free at:
http://cebp.aacrjournals.org/content/11/11/1353.full#ref-list-1

This article has been cited by 6 HighWire-hosted articles. Access the articles at:
http://cebp.aacrjournals.org/content/11/11/1353.full#related-urls

E-mail alerts

Reprints and
Subscriptions

Permissions

Sign up to receive free email-alerts related to this article or journal.

To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.

To request permission to re-use all or part of this article, use this link
http://cebp.aacrjournals.org/content/11/11/1353.

Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cebp.aacrjournals.org on November 8, 2018. © 2002 American Association for Cancer Research.



http://cebp.aacrjournals.org/content/11/11/1353
http://cebp.aacrjournals.org/content/11/11/1353.full#ref-list-1
http://cebp.aacrjournals.org/content/11/11/1353.full#related-urls
http://cebp.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cebp.aacrjournals.org/content/11/11/1353
http://cebp.aacrjournals.org/

