
Young et al. Nutrition & Metabolism 2013, 10:36
http://www.nutritionandmetabolism.com/content/10/1/36
BRIEF COMMUNICATION Open Access
Total dietary fat and omega-3 fatty acids have
modest effects on urinary sex hormones in
postmenopausal women
Lindsay R Young1, Susan K Raatz1,4*, William Thomas2, J Bruce Redmon3 and Mindy S Kurzer1
Abstract

Background: Total fat and omega-3 fatty acids in the diet may affect breast cancer risk by altering estrogen
metabolism. The purpose of this study was to elucidate the effects of differing total fat and omega-3 fatty acid
content of diets on a panel of urinary estrogens and metabolites.

Findings: A controlled, cross-over feeding trial was conducted in postmenopausal women using three test diets:
high fat diet (HF; 40% energy from fat), low fat diet (LF; 20% of energy from fat) and low fat, high omega-3 diet
(LFn3; 23% energy from fat; 3% omega-3 fatty acids) for 8 week periods. Urinary hormone concentrations for 16
women were compared among diets using a linear mixed model, and within diet comparisons were made using
paired t-tests. Urinary excretion of estrone was greater after the LF and LFn3 compared to the HF (P = 0.004).
Estrone excretion was increased from baseline within the LF only (P = 0.02). Total estrone + estradiol + estriol
increased from baseline with LF (P = 0.02) and was greater than the other two diets at 8 weeks (P = 0.03). There
were no effects on estrogen metabolites, including the 2-hydroxy estrone:16α-hydroxy estrone ratio.

Conclusions: The results of this study indicate that urinary sex hormone metabolism was modestly altered in
postmenopausal women by a low fat dietary intervention.
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Finding
Introduction
High concentrations of estrogens in blood and urine are
associated with increased risk of breast cancer in post-
menopausal women [1], and one hypothesis is that this
increased risk is mediated by sex hormone metabolism.
Low fat diets resulted in significant reductions in cir-
culating estrogens in some studies in postmenopausal
women [2-4]. Dietary omega-3 fatty acids (n-3) may sup-
press tumorigenesis by inhibition of inflammatory eico-
sanoids, suppression of aromatase, and conversion of
androgens to estrogens [5].
In addition to promoting growth via interaction with

estrogen receptors, circulating estrogens are metabolized
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reproduction in any medium, provided the or
by hydroxylation reactions resulting in an array of me-
tabolites with varying biological activity relative to the
parent estrogens, with some having genotoxic activity
[6]. Sixteen-α-hydroxy estrone (16αOH-E1) is a potent
mitogen, tumor initiator, and tumor promoter in vitro
[7]. 16α-hydroxylation of estrogens was enhanced in
women with breast cancer relative to healthy controls
[8,9]. A higher ratio of 2-hydroxy estrone (2OH-E1) to
16αOH-E1 (2:16αOH-E1 ratio) indicated decreased
breast cancer risk in some studies [10,11]; however,
other investigations do not support this association
[12,13].
We have previously shown that a high fat diet elevates

plasma estradiol [14]. The purpose of the present stu-
dy was to determine the effects of diets with varying
amounts of fat and n-3 on urinary estrogens and estro-
gen metabolites in healthy postmenopausal women. We
hypothesized that compared to a high fat diet, diets low
in fat or low in fat with high n-3 would decrease
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individual and total estrogens, 16αOH-E1, and the car-
cinogenic 4-hydroxy metabolites.
Excluded (n=113)
Not meeting inclusion criteria (n=68)
Declined to participate (n=45)

Excluded (n = 2)
Elevated FSH (n=1)
Inadequate urine collection (n=1)

Biological samples analysed (n = 18)
(n=18 HF, 17 LF, 17 LFn3)

Randomized (n=24)

Excluded (n=6)
Not completing 2 diet treatments (n=6)

Statistical analysis (n = 16)
(n=15 HF, 15LF, 16 LFn3)

Figure 1 Flow diagram of participants from screening to
data analysis.
Subjects and methods
Experimental protocol
Complete details of the study design and treatments are
described elsewhere [14]. The effects of controlled test
diets: a high fat diet (HF; 40% energy as fat, 15% energy
as protein, and 45% energy as carbohydrate), a low fat
diet (LF; 20% energy as fat, 15% energy as protein, and
65% energy as carbohydrate) and a low fat diet with n-3
fatty acids (LFn3; 23% energy as fat [3% n-3], 15% energy
as protein, and 62% energy as carbohydrate) on urinary
estrogen metabolism were compared in a randomized,
cross-over trial. All nutrient analysis was performed by a
registered dietitian (SKR) using the Nutritionist V nutri-
ent analysis program (Axxya Systems, Stafford, TX).
Subjects consumed each diet in random order for 8
weeks with a 6–12 week washout between treatments.
Reported dietary compliance was >99% for energy and
>99.5% for omega-3 fatty acids [14].
The study was carried out from 2004–2008. The study

was approved by the U.S. Army Medical Research and
Materiel Command’s Human Subjects Research Review
Board and the University of Minnesota Committee for
the Use of Human Subjects in Research. Written in-
formed consent was obtained from all subjects. The trial
was retrospectively registered at www.clinicaltrials.gov as
NCT01824498.
Table 1 Characteristics of study subjects at baselinea

Characteristic Value

Age (years) 58 ± 6

Body weight (kg) 74 ± 11

Height (cm) 165 ± 5

BMI (kg/m2) 27 ± 4

Systolic blood pressure (mmHg) 118 ± 15

Diastolic blood pressure (mmHg) 71 ± 8

Follicle stimulating hormone (mIU/mL)b 73 ± 22

Ethnicity (n (%))

White 14 (88)

Hispanic 1 (6)

African-American 1 (6)
aAll values are means ± standard deviations except ethnic groups, which are n (%);
n = 16.
bBaseline follicle stimulating hormone values for all women ≤ 55 years old; n = 11.
Subjects
Subject characteristics and recruitment are discussed
elsewhere [14]. Participants were healthy postmeno-
pausal women; age 45 – 70 years; had a body mass index
of 19 – 32 kg/m2; had not lost or gained more than 5
pounds in the last 6 months; and had not used fish oil
supplements or hormone replacement therapy for 2
months prior to the trial. Subjects were excluded if they
had any active disease process, used prescription medi-
cations, or had both ovaries removed. None of the par-
ticipants had prior a prior breast cancer diagnosis.
Seventeen subjects completed all three dietary treat-

ments and one subject completed two treatments. One
subject was excluded from the analysis because her fol-
licle stimulating hormone concentration was intermit-
tently in the premenopausal range. Another subject was
excluded due to improperly collected urine specimens.
One subject was missing urine samples for HF. In total,
15 subjects completed HF, 15 subjects completed LF,
and 16 subjects completed LFn3 and are included in the
final analysis. Figure 1 illustrates the flow of participants
through the trial.
Urine collection
Subjects collected two consecutive 24-hour urine spe-
cimens at home on weeks 0 and 8 of each treatment
period. Urine was pooled and sodium azide was added
to 0.1%. Aliquots were immediately stored at −20°C until
analysis.

Plasma phospholipid fatty acids
Plasma phospholipid fatty acids (PLFA) were analyzed
by gas chromatography (Lipid Technologies, Austin,

http://www.clinicaltrials.gov


Table 2 Baseline, 8 weeks, and change from baseline to 8 weeks concentrations for n3 and n6 plasma phospholipid
fatty acids in μg/ml1

High fat Low fat Low fat + n-3

n = 17 n = 16 n = 17 p-value2

18:2n6

Baseline 280.69 ± 14.57 284.66 ± 14.76 293.95 ± 14.59 0.41

8 weeks 285.49 ± 12.54a 269.21 ± 12.86a 233.08 ± 12.59b* 0.0006

Δ 8 weeks 4.81 ± 10.90a −16.08 ± 11.29a −60.85 ± 10.95b 0.0001

p-value3 0.66 0.16 < 0.0001

18:3n3

Baseline 4.00 ± 0.86 4.51 ± 0.88 3.22 ± 0.86 0.34

8 weeks 2.57 ± 0.45a 3.12 ± 0.47a 6.85 ± 0.45b* < 0.0001

Δ 8 weeks −1.43 ± 0.79a −1.30 ± 0.82a 3.62 ± 0.79b < 0.0001

p-value3 0.08 0.12 < 0.0001

20:4n6

Baseline 120.62 ± 7.83 121.51 ± 7.94 126.04 ± 7.84 0.59

8 weeks 107.89 ± 7.14a* 135.62 ± 7.34b* 100.12 ± 7.17a* 0.0001

Δ 8 weeks −12.72 ± 5.13a 13.47 ± 5.33b −25.90 ± 5.16a < 0.0001

p-value3 0.02 0.02 < 0.0001

20:5n-3

Baseline 11.43 ± 1.77 11.80 ± 1.82 9.69 ± 1.78 0.49

8 weeks 6.89 ± 1.80a* 9.99 ± 1.87a 29.86 ± 1.81b* < 0.0001

Δ 8 weeks −4.54 ± 1.94a −1.91 ± 2.02a 20.17 ± 1.96b < 0.0001

p-value3 0.02 0.35 < 0.0001

22:5n-3

Baseline 9.94 ± 0.78 10.56 ± 0.79 10.72 ± 0.78 0.49

8 weeks 8.41 ± 0.88a* 11.04 ± 0.91b 13.45 ± 0.89c* < 0.0001

Δ 8 weeks −1.52 ± 0.69a 0.36 ± 0.72a 2.73 ± 0.70b < 0.0001

p-value3 0.03 0.62 0.0003

22:6n-3

Baseline 30.18 ± 2.82 28.90 ± 2.89 29.68 ± 2.83 0.89

8 weeks 24.06 ± 3.77a* 35.03 ± 3.90b* 55.00 ± 3.78c* < 0.0001

Δ 8 weeks −6.12 ± 2.56a 5.95 ± 2.65b 25.32 ± 2.57c < 0.0001

p-value3 0.02 0.03 < 0.0001

Total n-3

Baseline 59.71 ± 5.33 60.07 ± 5.42 56.75 ± 5.34 0.68

8 weeks 44.50 ± 6.37a* 62.86 ± 6.60b 110.10 ± 6.41c* < 0.0001

Δ 8 weeks −15.21 ± 4.95a 2.55 ± 5.14b 54.36 ± 4.98c < 0.0001

p-value3 0.004 0.62 < 0.0001

Total n-6

Baseline 452.87 ± 21.30 456.78 ± 21.57 468.55 ± 21.34 0.53

8 weeks 432.99 ± 18.17a 458.41 ± 18.74a 370.63 ± 18.25b* 0.0005

Δ 8 weeks −19.85 ± 14.82a −0.58 ±15.34a −97.85 ± 14.89b < 0.0001

p-value3 0.19 0.97 < 0.0001
1All values are LS means ± standard error.
2p-value for effect of treatment across the three diets evaluated using a general linear mixed model. Values with differing letters as a superscript are significantly different at p < 0.05.
3p-value for paired t-test comparing baseline and 8 weeks means within each diet.
*8 week mean is significantly different from baseline mean.
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Table 3 Baseline and 8 week values for urinary estrogens and metabolites for the HF, LF and LFn3a

Analyte HF LF LFn3 P-valued

n = 15b n = 15c n = 16

Estrone (E1) (nmol/day)

Baseline 6.7 (4.8, 9.5) 7.2 (5.1, 10.1) 8.1 (5.8, 11.5) 0.36

8 weeks 6.3 (4.4, 9.1) § 9.9 (6.9, 14.2) †** 8.5 (5.9, 12.1) † 0.004

P-valuee 0.39 0.02 0.92

Estradiol (E2) (nmol/day)

Baseline 2.0 (1.0, 3.8) 2.2 (1.2, 4.3) 1.4 (0.7, 2.6) 0.36

8 weeks 1.0 (0.5, 2.1) 2.1 (1.0, 4.4) 1.7 (0.8, 3.4) 0.12

P-valuee 0.37 0.47 0.83

Estriol (E3) (nmol/day)

Baseline 7.2 (3.1, 16.8) 8.5 (3.6, 19.9) 10.8 (4.7, 25.0) 0.62

8 weeks 11.8 (6.3, 22.0) 14.3 (7.7, 26.7) 11.7 (6.3, 21.5) 0.79

P-valuee 0.84 0.12 0.64

E1 + E2 + E3 (nmol/day)

Baseline 22.9 (15.3, 34.4) 24.8 (16.6, 37.1) 23.0 (15.4, 34.2) 0.77

8 weeks 21.5 (14.3, 32.2)§ 35.7 (23.9, 53.4)†** 26.8 (18.1, 39.8)§† 0.03

P-valuee 0.51 0.02 0.60

2-hydroxyestrone (2OH-E1) (nmol/day)

Baseline 22.7 (16.5, 31.2)§† 25.0 (18.2, 34.4)§ 18.5 (13.5, 25.3)† 0.02

8 weeksf 17.6 (13.7, 22.7) 20.4 (15.8, 26.3) 24.1 (18.8, 30.9) 0.23

P-valuee 0.19 0.81 0.29

2-methoxyestrone (2-ME1)(nmol/day)

Baseline 1.6 (0.7, 3.8) 3.4 (1.5, 7.8) 3.1 (1.4, 7.1) 0.21

8 weeks 1.4 (0.7, 3.1) 2.1 (0.9, 4.5) 3.3 (1.5, 7.1) 0.23

P-valuee 0.98 0.48 0.91

2-methoxyestradiol (2-ME2) (nmol/day)

Baseline 1.3 (0.6, 3.3) 3.9 (1.6, 9.4) 1.7 (0.7, 3.9) 0.09

8 weeks 0.9 (0.4, 2.1) 1.0 (0.4, 2.3) 1.7 (0.8, 4.0) 0.39

P-valuee 0.84 0.08 0.57

4-hydroxyestrone (4OH-E1) (nmol/day)

Baseline 0.78 (0.51, 1.21) 1.08 (0.70, 1.68) 1.17 (0.76, 1.80) 0.21

8 weeks 0.92 (0.66, 1.27) 1.05 (0.76, 1.45) 1.28 (0.93, 1.75) 0.25

P-valuee 0.64 0.93 0.50

16α-hydroxyestrone (16αOH-E1) (nmol/day)

Baseline 2.03 (1.10, 3.75) 2.39 (1.29, 4.44) 1.70 (0.93, 3.11) 0.62

8 weeks 1.50 (0.82, 2.74) 2.34 (1.27, 4.29) 2.03 (1.12, 3.65) 0.52

P-valuee 0.47 0.22 0.32

Total Estrogens (nmol/day)

Baseline 73.7 (52.7, 100.1) 83.7 (60.9, 115.0) 72.8 (53.1, 99.6) 0.38

8 weeks 65.5 (45.8, 93.8) 86.4 (60.7, 123.0) 80.6 (57.0, 113.9) 0.27

P-valuee 0.78 0.54 0.40

2:16αOH-E1 ratio (nmol/day)

Baseline 11.3 (5.4, 23.6) 10.5 (5.0, 21.9) 10.8 (5.3, 22.4) 0.98
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Table 3 Baseline and 8 week values for urinary estrogens and metabolites for the HF, LF and LFn3a (Continued)

8 weeks 11.9 (5.7, 25.2) 10.0 (4.7, 21.3) 10.4 (5.0, 21.7) 0.90

P-valuee 0.90 0.12 0.72

HF: high fat diet; LF: low fat diet; LFn3: low fat + omega-3 fatty acids diet; E1: estrone;
2:16αOH-E1 ratio: 2-hydroxy estrone:16α-hydroxy estrone ratio.
aAll values are geometric means (95% confidence interval).
bOne subject was missing urines for HF diet, thus n = 15 for HF.
cOne subject was missing urines for LF diet, thus n = 15 for LF.
dP-value for effect of treatment across the three diets; values with differing symbols (§,†) as a superscript are significantly different.
eP-value for paired t-test comparing baseline and 8 weeks means within each diet.
**8 weeks mean is significantly different from baseline mean.
f8 weeks means were adjusted for baseline 2OH-E1.
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MN) as previously reported (14). Analysis was done to
determine the effects of dietary treatments on PLFA
content (μg/ml) of linoleic acid (LA, 18:2n6), α-linolenic
acid (ALA, 18:3n3), arachidonic acid (AA, 20:4n6), ei-
cosapentaenoic acid (EPA, 20:5n3) and docosahexaenoic
acid (DHA, 22:6n3), total n3, total n6 and the n3/n6
ratio.

Estrogen metabolite assay by LC/MS-MS
LC-MS methods were used to determine urinary estrogens
and estrogen metabolites [15,16]. Unless otherwise noted,
all laboratory chemicals were obtained from Fisher Scien-
tific (Pittsburg, PA). 10 μL of deuterated-estrogen metabo-
lite internal standard solution (ISS; C/D/N Isotopes, Inc.,
Pointe-Claire, Quebec, Canada) containing representative
analytes of each class of compounds were added to dupli-
cate 1.0 ml urine aliquots, followed by 1.0 mL of freshly
prepared enzymatic hydrolysis buffer containing 2 mg of
L-ascorbic acid, 5 μL of β-glucuronidase/sulfatase (Type
H-2; Sigma-Aldrich, St Louis, MO), and 1.0 mL of 0.15 M
sodium acetate buffer (pH 4.1) and incubated overnight at
37°C.
Samples were extracted with ethyl ether and evapo-

rated to dryness at 40°C under nitrogen. 25 μL of 0.1 M
sodium bicarbonate buffer with 0.1% ascorbic acid (pH
at 9.0) and 25 μL of dansyl chloride solution (3 mg/mL
in acetone; Lancaster Synthesis, Inc., Pelham, NH) were
added to each dried sample. Each sample was heated at
65°C for 6 minutes to form estrogen metabolite and deu-
terated estrogen metabolite dansyl derivatives. Calibra-
tion standards (Steraloids, Inc., Newport, RI) and quality
control samples were similarly hydrolyzed, extracted,
and derivatized.
Chromatographic separation was performed on a 100 ×

0.5 mm (i.d.) Zorbax SB-C18 column 1.8μm particle size
(Agilent Technologies, Santa Clara, CA). The mobile
phase consisted of two eluents, solvent A (50 mL/L aceto-
nitrile + 950 mL/L H2O containing 1 mL/L formic acid)
and solvent B (475 mL/L acetonitrile + 475 mL/L metha-
nol + 50 mL/L H2O containing 1 mL/L formic acid). LC/
MS-MS analysis was performed on a Thermo Electron
Quantum Discovery Max Triple Quadrupole Instrument.
Quantitative analysis was performed using Thermo Elec-
tron Xcalibur proprietary software. All samples from a
given subject were batch analyzed. Intra-batch coefficients
of variation varied from 5.1 – 12.2%. Inter-batch coeffi-
cients of variation for quality control samples varied from
6.3 – 27.9% among hormones.

Statistical analysis
Data for urinary sex hormone metabolites were not nor-
mally distributed and are reported as geometric means
and 95% confidence intervals. SAS Proc Mixed (SAS ver-
sion 9.2, SAS Institute Inc., Cary, NC; 2002–2008) was
used to fit a mixed effects linear model for each out-
come with a random effect for subject to account for
multiple correlated measurements within each subject.
These effect models handled isolated missing values and
were used to assess period and carryover effects. Least
squares means generated from the mixed model were
compared between treatments. Paired t-tests were ap-
plied to within diet differences. A P-value of < 0.05 was
considered statistically significant.

Results
Study participants were slightly overweight (mean BMI
27 kg/m2, Table 1) mostly white (88%) middle-aged
women (mean age 58 ± 6 years).

Plasma phospholipid fatty acids
The results for n-3 and n-6 in PLFA are presented in
Table 2. The LFn3 diet, which was low fat with supple-
mental n-3 promoted enhanced inclusion of total n-3,
ALA, EPA and DHA into PLFA compared to the HF
and LF diets (all p < 0.0001). The increases in n-3 were
accompanied by a reduction in total n-6, LA, and ARA.
In comparison to HF, LF promoted increased ARA and
DHA (p=.02, p=.03, respectively).

Urinary sex hormones
Urinary estrone (E1) excretion was significantly greater
after LF and LFn3 compared to HF (P = 0.004, Table 3),
although E1 excretion was significantly increased from
baseline with LF only (P = 0.02). Excretion of the sum of
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E1, estradiol (E2) and estriol (E3) was significantly
greater with LF than HF at 8 weeks (P = 0.03) and E1+
E2 + E3 increased significantly from baseline to 8 weeks
with LF (P = 0.02). Urinary excretion of 2OH-E1, 2-
methoxy estrone (2-ME1), 2-methoxy estradiol (2-ME2),
4-hydroxy estrone (4OH-E1), 16αOH-E1, 2:16αOH-E1
ratio and total estrogens were not significantly different
among test diets at 8 weeks. Urinary 2-hydroxy estradiol
(2OH-E2), 4-hydroxy estradiol (4OH-E2), 4-methoxy es-
trone (4-ME1), and 4-methoxy estradiol (4-ME2) were
undetectable in urine.

Discussion
Estrone excretion was significantly greater with LF and
LFn3 compared to HF, although there was little overall
change in urinary hormone metabolites. The sum of all
estrogens and metabolites assayed in this study (Total
Estrogens) did not differ among diets at 8 weeks. We pre-
viously reported the effects of the test diets on plasma sex
hormones [14]. In blood, E2 concentration increased sig-
nificantly with HF (P = 0.03) and decreased slightly, but
non-significantly with LF (P = 0.10) [14]. Therefore, we
anticipated changes in sex hormone metabolism measured
in urine. We saw no change in urinary sex hormone me-
tabolite excretion even though changes in the parent hor-
mones E1 and E2 were observed. Limiting factors include
the high variability (wide confidence intervals) of urinary
hormones and our small sample size.
We anticipated that LF and LFn3 would reduce excre-

tion of estrogens and metabolites in accordance with the
hypothesis that a low fat diet alters profiles of sex hor-
mones in a direction of reduced breast cancer risk. In-
creased excretion of urinary estrogens (defined as E1 +
E2 + E3 or E1 + E2) was associated with increased risk
of breast cancer in another study of postmenopausal
women [1]. Decreased excretion of estrogens was ob-
served in postmenopausal women from Asian nations
with relatively low breast cancer incidence and concomi-
tantly low intake of dietary fat [17-19].
In addition to total dietary fat, n-3 may play a role in

breast cancer prevention. Greenland Eskimos, with high
n-3 intake [20], have historically had a low incidence of
breast cancer [21,22]. However, this risk has increased as
Westernized and nontraditional foods have become more
prevalent in their diets [23]. Few studies have investigated
the relationship of n-3 and urinary sex hormone metabol-
ism in humans. Urinary 16αOH-E1 was reduced in the n-
3 fatty acid supplement arm in a pilot trial of high-risk
women [24]. In a study by Wu et al. [25] postmenopausal
vegetarian women consuming 2.14 g/day of n-3 doco-
sahexaenoic acid had no significant change in urinary
2:16αOH-E1 ratio following intervention. In our study,
2:16αOH-E1 ratio was not altered following 8 weeks of
dietary intervention.
Conclusion
In conclusion, urinary sex hormone metabolism was
modestly altered in healthy postmenopausal women by
LF alone or with additional n-3.

Abbreviations
2OH-E1: 2-hydroxy estrone; 2OH-E2: 2-hydroxy estradiol; 2-ME1: 2-methoxy-
estrone; 2-ME2: 2-methoxy estradiol; 2:16αOH-E1 ratio: 2-hydroxy
estrone:16α-hydroxy estrone ratio; 4OH-E1: 4-hyrdroxy estrone; 4OH-E2:
4-hydroxy estradiol; 4-ME1: 4-methoxy estrone; 4-ME2: 4-methoxy estradiol;
16αOH-E1: 16-alpha-hydroxy estrone; E1: Estrone; E2: Estradiol; E3: Estriol;
HF: High fat diet; LF: Low fat diet; LFn3: Low fat + omega-3 fatty acids diet;
n3: Omega-3; n6: Omega 6; ALA: α-linolenic acid; EPA: Eicosapentaenoic acid;
DHA: Docosahexaenoic acid; LA: Linolenic acid; ARA: Arachidonic acid.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
The authors’ responsibilities were as follows - SKR and MSK designed the
research; SKR, LRY and JBR conducted the research; WT, LRY and SKR
analyzed the data; LRY, SKR and MSK wrote the manuscript; all authors had
responsibility for final content. All authors read and approved the final
manuscript.

Acknowledgements
Funding for this work was provided by grants from the Department of
Defense (W81XWH-04-1-0448 and W81XWH-06-1-0778) and the National
Center for Research Resources, National Institutes of Health (MO1-RR00400).
This study was carried out at the General Clinical Research Center, University
of Minnesota Medical School, Minneapolis, MN, USA.

Author details
1Department of Food Science and Nutrition, University of Minnesota,
Minneapolis, MN, USA. 2Department of Biostatistics, University of Minnesota,
Minneapolis, MN, USA. 3Department of Medicine, University of Minnesota,
Minneapolis, MN, USA. 4USDA Grand Forks Human Nutrition Research Center,
2420 2nd Ave N, Grand Forks, ND 58203, USA.

Received: 7 January 2013 Accepted: 7 April 2013
Published: 23 April 2013

References
1. Thomas HV, Reeves GK, Key TJ: Endogenous estrogen and postmenopausal

breast cancer: a quantitative review. Cancer Causes Control 1997, 8:922–928.
2. Heber D, Ashley JM, Leaf DA, Barnard RJ: Reduction of serum estradiol in

postmenopausal women given free access to low-fat high-carbohydrate
diet. Nutrition 1991, 7:137–9. discussion 139–40.

3. Prentice R, Thompson D, Clifford C, Gorbach S, Goldin B, Byar D: Dietary fat
reduction and plasma estradiol concentration in healthy postmenopausal
women. The Women's Health Trial Study Group. J Natl Cancer Inst 1990,
82:129–134.

4. Prentice RL, Caan B, Chlebowski RT, Patterson R, Kuller LH, Ockene JK,
Margolis KL, Limacher MC, Manson JE, Parker LM, Paskett E, Phillips L,
Robbins J, Rossouw JE, Sarto GE, Shikany JM, Stefanick ML, Thomson CA,
Van Horn L, Vitolins MZ, Wactawski-Wende J, Wallace RB, Wassertheil-Smoller S,
Whitlock E, Yano K, Adams-Campbell L, Anderson GL, Assaf AR, Beresford SA,
Black HR, Brunner RL, Brzyski RG, Ford L, Gass M, Hays J, Heber D, Heiss G,
Hendrix SL, Hsia J, Hubbell FA, Jackson RD, Johnson KC, Kotchen JM, LaCroix
AZ, Lane DS, Langer RD, Lasser NL, Henderson MM: Low-fat dietary pattern
and risk of invasive breast cancer: the Women's Health Initiative
Randomized Controlled Dietary Modification Trial. JAMA 2006, 295:629–642.

5. Noble LS, Takayama K, Zeitoun KM, Putman JM, Johns DA, Hinshelwood
MM, Agarwal VR, Zhao Y, Carr BR, Bulun SE: Prostaglandin E2 stimulates
aromatase expression in endometriosis-derived stromal cells. J Clin
Endocrinol Metab 1997, 82:600–606.

6. Zhu BT, Conney AH: Functional role of estrogen metabolism in target
cells: review and perspectives. Carcinogenesis 1998, 19:1–27.

7. Telang NT, Suto A, Wong GY, Osborne MP, Bradlow HL: Induction by
estrogen metabolite 16 alpha-hydroxyestrone of genotoxic damage and



Young et al. Nutrition & Metabolism 2013, 10:36 Page 7 of 7
http://www.nutritionandmetabolism.com/content/10/1/36
aberrant proliferation in mouse mammary epithelial cells. J Natl Cancer
Inst 1992, 84:634–638.

8. Schneider J, Kinne D, Fracchia A, Pierce V, Anderson KE, Bradlow HL,
Fishman J: Abnormal oxidative metabolism of estradiol in women with
breast cancer. Proc Natl Acad Sci USA 1982, 79:3047–3051.

9. Fishman J, Schneider J, Hershcope RJ, Bradlow HL: Increased estrogen-16
alpha-hydroxylase activity in women with breast and endometrial
cancer. J Steroid Biochem 1984, 20:1077–1081.

10. Kabat GC, Chang CJ, Sparano JA, Sepkovie DW, Hu XP, Khalil A, Rosenblatt
R, Bradlow HL: Urinary estrogen metabolites and breast cancer: a case–
control study. Cancer Epidemiol Biomarkers Prev 1997, 6:505–509.

11. Ho GH, Luo XW, Ji CY, Foo SC, Ng EH: Urinary 2/16 alpha-hydroxyestrone
ratio: correlation with serum insulin-like growth factor binding protein-3
and a potential biomarker of breast cancer risk. Ann Acad Med Singapore
1998, 27:294–299.

12. Muti P, Bradlow HL, Micheli A, Krogh V, Freudenheim JL, Schunemann HJ,
Stanulla M, Yang J, Sepkovic DW, Trevisan M, Berrino F: Estrogen
metabolism and risk of breast cancer: a prospective study of the
2:16alpha-hydroxyestrone ratio in premenopausal and postmenopausal
women. Epidemiology 2000, 11:635–640.

13. Cauley JA, Zmuda JM, Danielson ME, Ljung BM, Bauer DC, Cummings SR,
Kuller LH: Estrogen metabolites and the risk of breast cancer in older
women. Epidemiology 2003, 14:740–744.

14. Young LR, Kurzer MS, Thomas W, Redmon JB, Raatz SK: Effect of dietary fat
and omega-3 fatty acids on urinary eicosanoids and sex hormone
concentrations in postmenopausal women: a randomized controlled
feeding trial. Nutr Cancer 2011, 63:930–939.

15. Nelson RE, Grebe SK, OKane DJ, Singh RJ: Liquid chromatography-tandem
mass spectrometry assay for simultaneous measurement of estradiol
and estrone in human plasma. Clin Chem 2004, 50:373–384.

16. Xu X, Veenstra TD, Fox SD, Roman JM, Issaq HJ, Falk R, Saavedra JE, Keefer
LK, Ziegler RG: Measuring fifteen endogenous estrogens simultaneously
in human urine by high-performance liquid chromatography-mass
spectrometry. Anal Chem 2005, 77:6646–6654.

17. Goldin BR, Adlercreutz H, Gorbach SL, Woods MN, Dwyer JT, Conlon T, Bohn
E, Gershoff SN: The relationship between estrogen levels and diets of
Caucasian American and Oriental immigrant women. Am J Clin Nutr 1986,
44:945–953.

18. Adlercreutz H, Gorbach SL, Goldin BR, Woods MN, Dwyer JT, Hamalainen E:
Estrogen metabolism and excretion in Oriental and Caucasian women.
J Natl Cancer Inst 1994, 86:1076–1082.

19. Ursin G, Wilson M, Henderson BE, Kolonel LN, Monroe K, Lee HP, Seow A, Yu MC,
Stanczyk FZ, Gentzschein E: Do urinary estrogen metabolites reflect the
differences in breast cancer risk between Singapore Chinese and United
States African-American and white women? Cancer Res 2001, 61:3326–3329.

20. Bang HO, Dyerberg J, Sinclair HM: The composition of the Eskimo food in
north western Greenland. Am J Clin Nutr 1980, 33:2657–2661.

21. Schaefer O, Hildes JA, Medd LM, Cameron DG: The changing pattern of
neoplastic disease in Canadian Eskimos. Can Med Assoc J 1975, 112:1399–1404.

22. Nielsen NH, Hansen JP: Breast cancer in Greenland–selected
epidemiological, clinical, and histological features. J Cancer Res Clin Oncol
1980, 98:287–299.

23. Deutch B, Dyerberg J, Pedersen HS, Aschlund E, Hansen JC: Traditional and
modern Greenlandic food - dietary composition, nutrients and
contaminants. Sci Total Environ 2007, 384:106–119.

24. Osborne MP, Karmali RA, Hershcopf RJ, Bradlow HL, Kourides IA, Williams
WR, Rosen PP, Fishman J: Omega-3 fatty acids - Modulation of estrogen
metabolism and potential for breast-cancer prevention. Cancer Invest
1988, 6:629-630–631.

25. Wu WH, Lu SC, Wang TF, Jou HJ, Wang TA: Effects of docosahexaenoic
acid supplementation on blood lipids, estrogen metabolism, and in vivo
oxidative stress in postmenopausal vegetarian women. Eur J Clin Nutr
2006, 60:386–392.

doi:10.1186/1743-7075-10-36
Cite this article as: Young et al.: Total dietary fat and omega-3 fatty
acids have modest effects on urinary sex hormones in postmenopausal
women. Nutrition & Metabolism 2013 10:36.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Findings
	Conclusions

	Finding
	Introduction
	Subjects and methods
	Experimental protocol
	Subjects
	Urine collection
	Plasma phospholipid fatty acids
	Estrogen metabolite assay by LC/MS-MS
	Statistical analysis

	Results
	Plasma phospholipid fatty acids
	Urinary sex hormones

	Discussion
	Conclusion
	Abbreviations

	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


