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Abstract

The roles of specific fatty acids in breast cancer etiology are unclear, particularly among
premenopausal women. We examined 34 individual fatty acids, measured in blood erythrocytes
collected between 1996-1999, and breast cancer risk in a nested case-control study of primarily
premenopausal women in the Nurses’ Health Study I1. Breast cancer cases diagnosed after blood
collection and before June 2010 (n=794) were matched to controls and conditional logistic
regression was used to estimate OR’s (95% CI’s) for associations of fatty acids with breast cancer;
unconditional logistic regression was used for stratified analyses. Fatty acids were not significantly
associated with breast cancer risk overall; however, heterogeneity by body mass index (BMI) was
observed. Among overweight/obese women (BMI=25), several odd-chain saturated (SFA, e.g.
17:0, ORQ4vsQ1(95%Cl) =1.85 (1.18-2.88), pireng=0.006 pjnt<0.001), frans (TFA, e.g. 18:1,
ORQ4vsQ1(95%Cl) =2.33 (1.45-3.77), Pirend<0.001, pjr=0.007) and dairy-derived fatty acids (SFA
15:0 + 17:0 + TFA 16:1n-7t; ORQays01(95%Cl) =1.83(1.16-2.89), Ptreng=0.005, pjnt<0.001) were
positively associated, and n-3 polyunsaturated fatty acids (n-3 PUFA, e.g. alpha-linolenic acid;
ORq4vsQ1(95%Cl) =0.57 (0.36-0.89), ptreng=0.017, pjnt=0.03) were inversely associated with
breast cancer. Total SFA were inversely associated with breast cancer among women with BMI<25
(ORQ4vs1(95%Cl) =0.68 (0.46-0.98), pireng=0.05, pint=0.01). Thus, while specific fatty acids
were not associated with breast cancer overall, our findings suggest positive associations of several
SFA, TFA and dairy-derived fatty acids and inverse associations of n-3 PUFA with breast cancer
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among overweight/obese women. Given these fatty acids are influenced by diet, and therefore are
potentially modifiable, further investigation of these associations among overweight/obese women
is warranted.
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Introduction

Dietary fat intake has long been hypothesized to increase breast cancer risk, although no
overall association has been observed in a large pooled analysis [1], a recent meta-analysis
of 10 prospective studies [2], or in randomized trials [3, 4]. However, dietary fat is composed
of many different fatty acids with distinct biological effects; and individual fatty acids may
have differing associations with breast cancer risk. Findings from epidemiologic studies of
dietary fatty acid intake and breast cancer risk have been inconsistent [5-9], and it is
possible that biomarkers could provide better indications of intake of some fatty acids than
assessments of diet. In addition, fatty acids that are synthesized and/or transformed /n vivo
may contribute to carcinogenesis, but are not captured by dietary intake [10]. Thus,
circulating fatty acid concentrations that represent both dietary intake and internal
transformation of fatty acids may provide a more direct measure of endogenous exposure.

Findings from prospective studies of plasma or serum fatty acids and breast cancer risk
(N=58-363 cases), have been mixed [11-16]; with inverse associations observed with
polyunsaturated fatty acids (PUFA)[11, 12, 15, 16] and positive associations with #rans fatty
acids (TFA) [12, 14, 15] and specific dairy-derived fatty acids [12, 14]. However, these
studies included limited data on premenopausal women (<91 cases), and relied on serum
measures of fatty acids, which may only reflect dietary intake over several days to weeks.
The fatty acid composition of the erythrocyte membrane is thought to represent an integrated
measure of the interactions between dietary fatty acid intake, other dietary factors and
patterns of fatty acid metabolism; and reflects dietary intake over several months [17]. To
our knowledge, five prior studies of primarily postmenopausal women (N=46-322 cases)
have examined erythrocyte membrane fatty acids and breast cancer risk, and results have
been inconsistent [18-22]. For example, positive associations of erythrocyte saturated fatty
acids (SFA) and breast cancer were observed among Asian women [21, 22], but not in other
populations [18-20]. Although findings from studies of both erythrocyte and plasma or
serum fatty acids and breast cancer have been mixed, studies of circulating fatty acids have
largely been conducted among postmenopausal women. Given that dietary intake of animal
fat [6, 7] and TFA [8] have been associated with breast cancer risk among pre- but not
postmenopausal women, fatty acids may be particularly important in breast cancer etiology
among premenopausal women. Notably, associations of several erythrocyte fatty acids and
breast cancer risk varied according to menopausal status in the only prior study to report
stratified associations [20]; although this case-control study was small (n=46 total breast
cancer cases) and only considered five individual fatty acids.
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Fatty acids may influence breast cancer etiology through inflammatory processes, as
inflammation promotes tumor growth, angiogenesis, invasion and metastasis [23]. For
example, TFA intake has been associated with increased circulating levels of inflammatory
markers [24] and dairy-derived SFA and TFA, as well as TFA from partially hydrogenated
oils (industrial #rans), are associated with adverse metabolic effects [25]. In contrast, n-3
PUFAs may reduce breast cancer risk through their anti-inflammatory properties [26]. The
saturation indices (SI) in blood cell membranes represent the ratios of the two most common
SFA in tissues and the monounsaturated fatty acids (MUFA) that are direct metabolites of
these SFA; palmitic/palmitoleic acid (Sl.7) and stearic/oleic acid (Sly.g). Lower Sl ratios
reflect higher activity of several enzymes involved in lipid metabolism, including fatty acid
synthase and steroyl coenzyme-A desaturase (SCD1), which are often overexpressed in
breast cancer [27]. Limited prospective data suggests inverse associations of Sl ratios (lower
SCD1 activity) and breast cancer risk [13, 14, 19]; although other studies have been
inconclusive [12, 16, 18].

The Nurses’ Health Study 11 (NHSII), with over 29,000 archived blood samples collected in
1996-1999, represents a unique opportunity to evaluate associations of specific fatty acids in
erythrocyte membranes and subsequent risk of breast cancer among predominantly
premenopausal women. Based on plausible biological mechanisms and prior evidence, we
hypothesized that odd-chain SFA and TFA derived from animal fat (dairy-derived FA), TFA
from processed foods (industrial frans), and the SCD1 activity, measured by the endogenous
desaturation of SFA to MUFA (lower Sl,.7 and Sl,,_g ratios) would be associated with
increased breast cancer risk; and that n-3 and n-6 PUFA would be inversely associated with
breast cancer risk.

Materials and Methods

Study population

The NHSII cohort began in 1989 among 116,429 female registered nurses, aged 25-42 years
from 14 states across the United States. Women continue to be followed via biennial
questionnaire to assess lifestyle factors and disease diagnoses, with cumulative follow-up
rates >90%. Between 1996 and 1999, 29,611 NHSII participants, ages 32-54 years,
provided blood samples and answered a questionnaire assessing the date and time the
sample was drawn, the number of hours since the last meal, current weight, and recent
medication use. Further details of the blood collection procedure for NHSII have been
described previously [28]. Briefly, participants had blood drawn and shipped the sample on
ice to our laboratory via overnight courier. All samples were processed in our laboratory into
plasma, white blood cell, and red blood cell components and have been stored at <130
degrees C in continuously monitored liquid nitrogen freezers.

Case and control selection

NHSII participants who were cancer-free at the time of blood collection and diagnosed
before June 1, 2007 were included as cases in this nested case-control study. Breast cancer
cases (n=794) were each matched to a single control on age at blood draw (+/-1 year),
menopausal status at blood draw and diagnosis, self-reported race/ethnicity, fasting status
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(<2, 2-4, 5-7, 8-11, 212 hours since last meal), and month (+/-1 month), and time of day of
blood collection (+/-2 hours). Premenopausal women were also matched on luteal day, and
postmenopausal women were also matched on menopausal hormone therapy use at blood
draw (yes/no). Given that over 99% of reported breast cancer cases in the NHSII were
confirmed upon medical record review [29], we included 27 breast cancer cases confirmed
by the nurse when no medical records were available. This study was approved by the
Committee on the Use of Human Subjects in Research at the Brigham and Women’s
Hospital (Boston, MA).

Laboratory assays

Fatty acids

Erythrocyte fatty acid concentrations were assayed using gas-liquid chromatography [30] in
Dr. Hannia Campos’ laboratory at the Harvard T.H. Chan School of Public Health,
Department of Nutrition. The samples were labeled to mask case-control status, and
matched case-control sets were handled identically and together, and assayed in the same
analytical run. The order within each case-control set was determined at random. Masked
replicates from pooled specimens (~10% of samples) were analyzed to monitor quality
control. These aliquots were indistinguishable from the participant specimens, and were
interspersed among them without the knowledge of the laboratory personnel. A total of 39
individual fatty acids were analyzed and expressed as a percentage of total fatty acids.
However, concentrations were undetectable for all (or the majority of) participants for
several SFAs (octanoic acid, decanoic acid and tridecanoic acid) and TFAs (myristelaidic
acid, and eicosenoic acid); and these were therefore excluded from the study. Out of the 34
remaining fatty acids, 8 fatty acids with levels close to the detection limit had coefficients of
variation (CVs) >20% and up to 95%, (lauric acid, mystristic acid, pentadecanoic acid,
mysristoleic acid, docosadienoic acid, palmitelaidic acid, linolelaidic acid, and
octadecadienoic acid). Because our a priori hypotheses included individual fatty acids, we
include all 34 fatty acids in the analysis. However, our interpretations are cautious for fatty
acids with higher CVs.

We examined erythrocyte fatty acids individually, and in the following groups by type; SFA,
monounsaturated fatty acids (MUFA), n-3 PUFA, n-6 PUFA, and TFA. When possible, we
use established common names for fatty acids; but also include the isomer notations
specifying the number of carbon bonds and double bonds separated by colon, with “n”
indicating the distance of first double bond from the methyl end of the chain. The letters “c”
and “t” indicate whether the double bonds are in a cisor trans configuration. The following
fatty acids were included in the analysis:

SFA: lauric acid (12:0), mystristic acid (14:0), pentadecanoic acid (15:0), palmitic acid
(16:0), margaric acid (17:0), stearic acid (18:0), nonadecanoic acid (19:0), arachidic acid
(20:0), behenic acid (22:0), tricosanoic acid (23:0), and lignoceric acid (24:0).

MUFA: mysristoleic acid (14: 1n-5c), pentadecenoic acid (15:1n-5c), palmitoleic acid
(16:1n-7c), oleic acid (18:1n-9c), octadecenoic (18:1n-7c), gondoic acid (20:1n-9c),
nervonic acid (24:1n-9c).
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n-3 PUFA: alpha-linolenic acid (ALA; 18:3n-3c), eicosapenaenoic acid (EPA; 20:5n-3c),
docosapentaenoic acid (DPA; 22:5n-3c), and docosahexaenoic acid (DHA,; 22:6n-3c).

n-6 PUFA: linoleic acid (18:2n-6cc), gamma-linoleic acid (18:3n-6c), eicosadienoic acid
(20:2n-6¢), dihomo-gamma linolenic acid (20:3n-6c), arachidonic acid (20:4n-6c),
docosadienoic acid (22:2n-6c¢), and aolrenic acid (22:4n-6c).

TFA: palmitelaidic acid (16:1n-7t), linolelaidic acid (18:2n-6t), octadecadienoic acid
(18:2n-7c), 18:1 frans (18:1n-12t + 18:1n-9t + 18:1n-7t) and 18:2 frans (18:2n-6¢t
+ 18:2n-6tc).

In addition to the fatty acids listed above, we calculated the ratio of total n-6 PUFA to total
n-3 PUFA, as this ratio has been associated with breast cancer risk [31]and is hypothesized
to predict several chronic inflammatory diseases [32]. In secondary analyses, we also
examined associations for total marine n-3 PUFA (EPA, DPA, & DHA), as these longer-
chain fatty acids reflect a different food source than ALA. The saturation indices, Sl;.7
(palmitic/palmitoleic acid) and Sl,,_g (stearic/oleic acid), were considered as indicators of the
steroyl coenzyme-A desaturase activity [33, 34]. We also examined SFA and TFA primarily
from milk or meat from cattle or other ruminants (15:0 + 17:0 + 16:1n-7t), termed dairy-
derived fatty acids, and TFA from partially hydrogenated oils (18:1 frans+ 18:2 trans),
termed industrial rans for analysis.

Statistical methods

We assessed Spearman correlations amongst individual and grouped fatty acids. The
distribution of each fatty acid by case/control status was examined and quintiles were
created based on the distribution among controls. We evaluated differences in fatty acid
concentrations between cases and controls using the Wilcoxon signed-rank test, accounting
for matched status. Relative risks (RR) and 95% confidence intervals (Cl) of breast cancer in
relation to individual and groups of fatty acids were estimated using conditional logistic
regression models [35]. Information on potential covariates, including family history of
breast cancer, history of biopsy-confirmed benign breast disease, age at menarche, age at
first birth/parity, history of breastfeeding, non-steroidal anti-inflammatory drug (NSAID)
and aspirin use, dietary quality and intake of macro- and micro-nutrients, alcohol
consumption, smoking status, physical activity, and weight at blood draw was obtained from
the questionnaire administered at the time of blood collection or the biennial questionnaire
immediately prior to blood draw. Weight at age 18 years and adult height, used to calculate
BMI at 18 years, was obtained from the 1989 questionnaire, and weight change since age 18
was calculated from weight at blood draw. The final model included age at menarche, age at
first birth/parity, breastfeeding, family history of breast cancer, history of biopsy-confirmed
benign breast disease, BMI at age 18, weight change between age 18 and blood collection,
alcohol consumption and physical activity as categorized in the footnote of Table 3. For
covariates with missing data (<5.5%), we assigned to the missing data the mode for
categorical variables, and the median for continuous variables. We modeled the medians of
fatty acid quintiles as a continuous variable and used the Wald test to examine linear trend.
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We conducted stratified analyses by menopausal status (at blood collection and diagnosis,),
BMI at blood collection (<25 vs. =25 kg/m?), waist circumference (dichotomized at the
median), plasma total carotenoids (dichotomized at the median) and by tumor estrogen
receptor status (ER +/-), tumor grade (1-3) and tumor size (</=2 cm), using unconditional
logistic regression, additionally controlling for matching factors. The likelihood ratio test
was used to compare models with and without interaction terms between the stratification
variables and the specific fatty acid concentrations (medians of the quintiles as a continuous
variable). To assess heterogeneity by tumor characteristics, competing risk analysis with data
duplication methods were used [36]. Although erythrocyte fatty acid levels were not
significantly different between fasting and non-fasting samples [37], we conducted a priori
sensitivity analysis restricted to those with fasting blood samples (n=532 pairs) to examine
whether fasting status influenced associations. To preclude the influence of preclinical
disease, we conducted additional analyses in which cases diagnosed within the first 2 years
of follow-up were excluded (n=116 pairs). We also assessed models additionally adjusted for
NSAID use and overall dietary quality, measured by the Alternative Healthy Eating Index
(AHELI), in secondary analysis. We evaluated potential non-linearity between fatty acid
concentrations and breast cancer risk non-parametrically using restricted cubic splines [38,
39]. In secondary analyses, we used previously published reproducibility data for the single
fatty acid measures taken at two time points over 2 to 3 years [40], to correct for random
within-person variation and laboratory error [41]. Given that statistical outliers may
represent true values and that our analysis was based on quantiles, which are robust to
extreme values, we did not exclude statistical outliers in our analysis. All statistical tests
were two-sided and p values were considered statistically significant at <0.05; analyses were
conducted in SAS v.9.3 (SAS Institute, Cary, NC).

Breast cancer cases were similar to controls with regard to most demographic and
reproductive characteristics (Table 1). However, compared with controls, breast cancer cases
gained less weight since age 18, were less physically active, less likely to be parous, and
more likely to have a history of benign breast disease and a family history of breast cancer
(Table 1).

Median (10t—90™ percentile) concentrations of erythrocyte fatty acids by case/control status
are shown in Table 2. Among both cases and controls, the most abundant individual fatty
acids were palmitic acid (16:0), stearic acid (18:0), oleic acid (18:1n-9c), linoleic acid
(18:2n-6c¢c), and arachidonic acid (20:4n-6c), collectively representing ~75% of total fatty
acid concentrations. Relative concentrations of fatty acids did not differ substantially
between cases and controls (all p-values>0.04); although the Sl,,.7 was slightly higher
among cases. Some individual fatty acids were modestly correlated; median (10t"-90th
percentile) Spearman correlation coefficients of 0.21 (0.05-0.79) for positively correlated
and —0.20 (-0.37—-0.04) for inversely correlated individual fatty acids. For fatty acid groups
by type, Spearman correlations ranged from -0.75 (SFA and n-6 PUFA) to 0.20 (SFA and
TFA).
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Associations were generally similar in age-adjusted and multivariable models; thus, we only
present the multivariable results (Table 3). We did not observe any significant associations of
fatty acid concentrations and overall risk of breast cancer. However, a suggested positive
association was observed between total TFA and risk of breast cancer, ORgsysq1(95%
Cl1)=1.30 (0.92-1.84), ptrend=0.08, largely driven by the association with 18:1 trarns,
ORg5vsq1(95% C1)=1.32 (0.94-1.86), ptreng=0.07.

For several fatty acids, the associations with breast cancer risk varied significantly by BMI
(Table 4). For example, total SFA were inversely associated with risk of breast cancer among
women with BM1<25 kg/m? (ORQuvs1(95% CI)=0.68 (0.46-0.98), ptreng=0.05), and a
positive association was suggested among overweight/obese (BMI = 25 kg/m2) women,
(ORQ4vsqQ1(95%Cl) 1.41 (0.90-2.21), ptreng=0.07, pint=0.01) (Table 4). Statistical interaction
was also evident for several individual SFA including pentadecanoic acid (pj,=0.002,
CV=23%), margric acid (pj,:<0.001), stearic acid (pjn=0.003), nonadecanoic acid
(pint=0.01), and arachidic acid (pj,:=0.02), with suggested inverse associations among
women with BMI <25 kg/m? and significant positive associations among overweight/obese
women. Associations between several n-3 PUFA also varied by BMI, with significant
inverse associations observed for ALA (Preng=0.02, pini=0.03), EPA (Ptrend=0.02, pint=0.04),
and DPA (Ptreng=0.05, pint=0.54) only among overweight/obese women. N-6 PUFA were not
consistently associated with breast cancer risk in BMI-stratified models, although
docosadienoic acid was positively associated (pireng=0.001, pin=0.01, CV=20.7%) and
gamma-linolenic acid was inversely associated (pieng=0.01, pint=0.05) with breast cancer
risk among overweight/obese women. We also observed significant interaction of
associations between several TFA and dairy-derived fatty acids and breast cancer risk
according to BMI, with positive associations limited to overweight/obese women for total
TFA, palmitelaidic acid (CV=40.8%), 18:1 trans, dairy-derived fatty acids, and industrial
trans (e.g., total TFA, ORq4ysq1(95% Cl) =1.88(1.17-3.03), ptreng=0.002, pjn¢=0.02).
Finally, a suggested positive association of Sl ratio,.g and breast cancer risk (p¢reng=0.08)
was observed among overweight/obese women, while no association was observed among
women with BMI < 25 kg/™2 (p;i,+=0.03). Given differences in associations of BMI and
breast cancer risk according to menopausal status, we additionally examined BMI-stratified
associations restricted to premenopausal women. In this analysis, SFA, TFA, dairy-derived
fatty acids and n-3 PUFA were more strongly associated with breast cancer risk among
overweight/obese premenopausal women (e.g., dairy-derived fatty acids, ORqaysq1(95%Cl)
=2.13 (1.22-3.71), compared to 1.83 (1.16-2.89) among all overweight/obese women.

We did not observe clear patterns of interactions in analyses stratified by ER status,
abdominal obesity, plasma carotenoids, tumor grade, or tumor size (data not shown);
although several significant associations were observed within strata. For example, a
significant positive trend between 18:1 frans and breast cancer was observed only among
those with greater abdominal adiposity (waist circumference = 29 inches, pireng=0.004,
pint=0.08). In analyses stratified by median plasma total carotenoids, positive associations
with breast cancer risk were observed among women with higher carotenoid concentrations
for total TFA group (Ptreng=0.01, pint=0.19), 18:1 #rans (Pireng=0.01 pint=0.23) and industrial
trans (pirend=0.01 pjn=0.21). Positive associations of several TFAs and breast cancer risk
were evident for those with low grade tumors; total TFA (Pireng=0.02, pint=0.33), 18:1 trans

Int J Cancer. Author manuscript; available in PMC 2019 March 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hirko et al.

Page 8

(Ptrend=0.01, pint=0.21) and industrial #rans (ptreng=0.03, pini=0.32). TFA were also
positively associated with risk of small (< 2 cm) breast cancers: similar findings were seen
for total TFA (Ptreng=0.003, pin=0.26), palmitelaidic acid (pireng=0.01, pint=0.71,
CV=40.8%), 18:1 trans (Prend<0.001, pjn+=0.15) and industrial #rans (preng=0.002,
pint=0.25). Inverse associations were observed between levels of palmitoleic acid
(Ptreng=0.001, pin=0.02) and gamma-linolenic acid (pireng=0.01, pint=0.01) and risk of small
breast cancers. N-3 PUFA were inversely (Ptrend=0.04, pint=0.08) and the PUFA6:3 ratio was
positively (Pyreng=0.01, pin=0.03) associated with risk of larger breast tumors (=2 cm).

Results were similar in analyses excluding cases diagnosed during the first two years of
follow-up, and in models additionally adjusted for NSAIDs and AHEI. However, inverse
associations for DPA (ptreng=0.03) and positive associations of nonadecanoic acid
(Ptreng=0.07), total TFA (Ptreng=0.01), 18:1 #rans (pireng=0.005) and industrial trans
(Ptrend=0.04) were observed in fasting samples (data not shown), while associations were not
significant overall. In secondary analyses, total marine n-3 PUFA were not significantly
associated with breast cancer risk, OR gsys01(95% CI), 1.02 (0.72-1.44), ptreng=0.83, or in
analyses stratified by BMI. The relationships between the majority of the individual fatty
acids and breast cancer were, if any, linear; although a non-linear relationship was detected
for mystristic acid (p-value for curvature=0.04, CV=41%). Given modest associations and
relatively high 1CCs, correcting for measurement error did not substantially change the
results, albeit corrected relative risks were stronger. For example, for 18:1 frans (ICC
(95%CIl) =0.72 (0.55-0.84)), the uncorrected vs. corrected RR (95%CI) comparing the
median fatty acid level of women in the highest vs. lowest quintile were 1.45 (1.06-1.99)
and 1.62 (1.07-2.43), respectively.

Discussion

In this large, nested case-control study of primarily premenopausal women, erythrocyte fatty
acids concentrations were not significantly associated with overall breast cancer risk.
However, our findings suggest inverse associations of n-3 PUFA and positive associations of
SFA, TFA and dairy-derived fatty acids with breast cancer risk among overweight and obese
women.

Our findings that erythrocyte fatty acids were not associated with overall breast cancer risk
are consistent with results from a large nested case-control study in Sweden [18]. However,
in other studies, positive associations of SFA [21, 22], MUFA [19, 21, 22], and n-6 PUFA
[21]; and inverse associations of n-3 PUFA [19, 21, 22], n-6 PUFA [19-22] and the Sl ratios
[19, 21, 22] have been observed. Our study was unique in its focus on premenopausal
women, and this may have contributed to differences in findings across studies. However, we
have observed positive associations of premenopausal dietary intake of animal fats [6, 7] and
TFA [8] with breast cancer risk, suggesting the relevance of premenopausal dietary intake.
To our knowledge, ours was the first study to examine associations of a comprehensive panel
of erythrocyte TFA and breast cancer, and we observed a suggested positive association of
total TFA and breast cancer risk, driven largely by the association with 18:1 #rans. Although
a single erythrocyte TFA (18:1n-9t) was not associated with breast cancer risk in a large
study of postmenopausal women [19], positive associations have been observed in studies of
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dietary TFA [8, 9], and in some [14] but not all [13] studies using serum TFA measures.
Relative concentrations of TFA were similar in our study and prior studies using erythrocyte
[19] and serum [13, 14] TFA measures; thus, differences across studies are not likely to be
due to varying concentrations of TFAs across study populations.

While our hypotheses were not confirmed in our main analysis; interestingly, in a priori
BMI-stratified analyses, several SFA, TFA and dairy-derived fatty acids (15:0, 17:0, and
16:1n-7t) were positively associated, and n-3 PUFA were inversely associated with breast
cancer risk among overweight and obese women. Associations of dietary n-3 and n-6 PUFA
and breast cancer risk did not vary by BMI in a prospective cohort study among Japanese
women [42]. However, dietary n-3 PUFA were also associated with a lower risk of breast
cancer among obese women in a large population-based case-control study in Mexico [43].;
although this retrospective study relied on dietary recall after breast cancer diagnosis, which
entails potential consequences for differential misclassification. To our knowledge, no prior
study has examined associations of erythrocyte or serum fatty acids and breast cancer risk
according to BMI; and the consistent heterogeneity observed in our study suggests that fatty
acids may be particularly important for breast cancer risk in a state of adiposity.

Observed associations of fatty acids and breast cancer risk among overweight/obese women
in this study may reflect effects of dietary intake of these fatty acids. The sensitivity of fatty
acid composition in erythrocyte membranes to dietary intake differs across individual fatty
acid types; fatty acids which are not endogenously synthesized (odd-chain SFA, n-3 PUFA,
n-6 PUFA, and TFA) more likely reflect dietary intake than fatty acids that can be produced
through metabolic processes, such as even-chain SFA and MUFA [44, 45]. Odd-chain SFA
are largely derived from dietary consumption of dairy products, although these are also
found in beef fat and fish, and erythrocyte contents of 15:0 and 16:1n-7t are sometimes used
as biomarkers of dairy fat intake [37]. Thus, our findings that odd-chain SFA, TFA and
dairy-derived fatty acids are positively associated with breast cancer risk among overweight
and obese women, suggest the potential role of dietary intake of these fatty acids, largely
through consumption of milk and other dairy products [46]. Moreover, given that n-3 PUFA
largely reflect intake, dietary consumption of n-3 PUFA, particularly ALA and EPA, may
reduce breast cancer risk among overweight and obese women. Therefore, dietary intake of
these fatty acids among overweight and obese women and breast cancer risk should be
examined in more detail.

Obesity is characterized by chronic low-grade inflammation and SFA, TFA and dairy-
derived fatty acids may promote breast carcinogenesis in an obesogenic environment by
exacerbating the inflammatory mechanisms altered in obesity. In fact, both SFA [47] and
TFA [24] have been linked to elevated plasma markers of inflammation. Given that fatty
acids can be metabolized into multiple lipid mediators of inflammation [48], effects of
obesity on lipid metabolism may also explain observed associations of SFA, TFA and dairy-
derived fatty acids among overweight/obese women. However, the associations persisted
even with adjustment for BMI and waist circumference among overweight/obese women,
suggesting that the observed associations are not due entirely to altered lipid metabolism as
a result of adiposity [49]. Further studies are warranted to replicate our findings and to
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assess how BMI might modulate associations of primarily odd-chain SFA, TFA and dairy-
derived fatty acids with breast cancer.

Among overweight and obese women in this study, we observed significant inverse
associations of total n-3 PUFA, as well as the individual n-3 PUFAs, ALA, EPA and DPA
with breast cancer, while no associations were observed among women with BMI<25 kg/m?.
N-3 PUFA may reduce breast cancer by inhibiting production of eicosanoids [50]. It is also
possible that the anti-inflammatory effects of n-3 PUFAs [26] may be more influential in a
state of chronic inflammation resulting from increased adiposity. For example, n-3 PUFA
may improve adipokine levels, enhance insulin sensitivity, and minimize inflammatory
processes that are altered in obesity [43]. In BMI-stratified analyses of n-6 PUFA and breast
cancer, docosadienoic acid was positively associated and gamma-linolenic acid was
inversely associated with breast cancer among overweight/obese women. In experimental
studies, gamma-linolenic acid inhibits the overexpression and hyperactivity of the fatty acid
synthase oncogene closely linked to malignant transformation of mammary cells [51], which
might contribute to our inverse finding among overweight/obese women; however, prior
epidemiologic studies have suggested both positive [21] and inverse [22] associations with
breast cancer. No significant interactions with BMI were observed for other n-6 PUFAs, or
in analyses stratified by waist circumference, carotenoids, menopausal status, and ER status.
Thus, our findings do not suggest a strong role of erythrocyte n-6 PUFAS in breast cancer
risk.

We did not observe consistent associations of endogenously synthesized fatty acids (even-
chain SFA and MUFA) and the saturation index ratios with breast cancer risk in this study.
The Sl ratios represent the activity of the enzyme delta-9 desaturase that converts SFA to
MUFA, their direct metabolites. Thus, a higher Sl ratio represents lower activity of the
enzyme, while a lower Sl ratio suggests higher conversion of the SFA to MUFA. Lower
desaturase enzyme activity is thought to reduce breast cancer risk by limiting cancer cell
proliferation and invasiveness, and impairing tumor formation and growth [33]. Thus, while
inverse associations with the Sl ratios observed in prior studies [19, 21] may be biologically
plausible, our results do not support that delta-9 desaturase activity, converting SFA to
MUFA, is important in breast cancer risk among predominately premenopausal women.

To our knowledge, ours is the largest prospective study of circulating fatty acids and breast
cancer risk among primarily premenopausal women to date. Fatty acid composition in
erythrocyte membranes reflects dietary intake over several months [17], and is a significant
predictor of other disease outcomes, including heart disease [37], and non-aggressive
prostate cancer [52]. Additional strengths of this study include a comprehensive assessment
of erythrocyte TFA, many of which had not been evaluated in regard to breast cancer risk
previously. Further, this study incorporated information on BMI, menopausal status,
carotenoids, and tumor characteristics, including ER status, tumor size and grade. We also
conducted several sensitivity analyses to ensure that results were not affected by outliers,
fasting status or by the presence of preclinical disease. With available reproducibility data,
we were also able to assess the potential influence of measurement error and explicitly
correct our estimates in secondary analyses. Finally, this study was nested in a large, well-
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characterized, prospective cohort with extensive covariate information and an ongoing, high
rate of follow-up.

Although we only had a single blood sample to reflect long-term fatty acid levels,
erythrocyte fatty acids capture a longer period of exposure than serum, and a single measure
was reproducible over time among postmenopausal women in NHS, with a median 3-year
ICC of 0.58; range 0.00 (lauric acid) to 0.87 (arachidonic acid) [40]. We evaluated a number
of variables as potential confounders and adjustment had minimal effect on our results;
however, residual confounding is possible. We were unable to separate the individual 18:1
TFA (18:1n-12t, 18:1n-9t, 18:1n-7t). Thus, the industrial TFA group includes 18:1n-7t
(vaccenic acid), which originates largely from ruminant sources. However, given the
observed risk estimates, the inability to separate out the 18:1 trans isomers is unlikely to
significantly alter the study findings. It is also possible that we were unable to detect specific
associations among fatty acids with considerable non-differential measurement error (i.e.,
those with high CVs); and given the observed significant findings, true associations are
likely to be even stronger. While, we assessed multiple associations in this study, the
analyses were guided by strong a priori and biologically justifiable hypotheses. Nonetheless,
if we statistically accounted for multiple comparisons using the Bonferroni correction, none
of the observed associations would reach statistical significance. Thus, given the large
number of associations tested, we interpret our results with caution.

In this large nested case-control study of primarily premenopausal women, erythrocyte fatty
acid concentrations were not associated with breast cancer risk overall. However, our
findings suggest that among overweight/obese women, SFA, TFA and dairy-derived fatty
acids may increase and n-3 PUFA may reduce breast cancer risk. Given these fatty acids are
potentially modifiable by diet, and that two-thirds of American women are overweight or
obese, further investigation of these associations among overweight/obese women is
warranted.
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Novelty

The roles of specific fatty acids in breast cancer etiology are unclear, particularly among
premenopausal women. In this large nested case-control study of primarily
premenopausal women, erythrocyte fatty acids were not associated with breast cancer
risk overall. However, our findings suggest potential inverse associations of n-3
polyunsaturated fatty acids and positive associations of saturated, #rans, and dairy-derived
fatty acids with breast cancer risk among overweight and obese women.
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Table 1

Characteristics of breast cancer cases and matched controls, Nurses’ Health Study Il

Case (n=794)  Control (n=794)

Age at blood collection (yr) 44.7(4.5) 44.8(4.4)
Age at menarche (yr) 12.4(1.3) 12.5(1.4)
BMI at age 18 (kg/m2) 20.8(2.8) 21.1(3.0)
BMI at blood collection (kg/m?) 25.1(5.0) 25.8(6.0)
Weight change since age 18 (kg) 11.7(11.9) 12.8(13.4)
Total physical activity (METs/week) 17.9 (15.5) 18.8 (16.4)
Number of children 2.2(0.9) 2.3(1.0)
Age at first birth (yr)@ 26.6(4.7) 26.2(4.6)
Parity, % 78.6 81.9
Ever breast fedb, % 79.5 79.4
Premenopausal, % 77.6 76.8
History of biopsy-confirmed benign breast disease, % 23.4 15.4
Family history of breast cancer, % 17.3 9.9
NSAIDs current regular use’, % 133 138
Total fat (grams/day) 59.0(12.3) 58.4(12.5)
Total Saturated Fat (grams/day) 20.4(5.4) 20.2(5.5)
Total Monounsaturated Fat (grams/day) 23.0(5.4) 22.7(5.2)
Total Polyunsaturated Fat (grams/day) 9.8(2.3) 9.7(2.4)
Alcohol consumption (grams/day) 3.8(6.9) 3.3(5.8)

Values are means(SD) or percentages.

a S . . . . .
Age at first birth among women with children indicated on 1995 questionnaire

b . . . . .
Percent of breastfeeding among women with children on 1995 questionnaire

Non-steroidal anti-inflammatory medication, regular use defined as >2 times/week

1duosnuey Joyiny

1duosnuep Joyiny

Int J Cancer. Author manuscript; available in PMC 2019 March 15.



Page 17

Hirko et al.

820 172 6C er-Te 0€ (0g-u9:zz "YHQ) pIoe dl0UseX3LEes0I0Q
120 A 8T 14T 8T (0g-ug:ge'vda) pioe dlousejuadesosoq
080 L0€0 70 L'0-€°0 70 (08-U5:02'Vd3) pioe olouseuadesodls
66°0 €0-T0 z0 €0-T0 z0 (0g-ug :8T "W1v) pIoe dlusjoul-eydly
6.0 0Ty €g LTy €g spioy A1req pareanyesunAjod g-u
¥9'0 GZ€T 8T GZ€T 87T (06-UT :p2) p1oe dILOAIBN
00 ¥2'0-20 20 ¥2°0-2'0 20 (06-uT :02) pI13E 210pUOD
70 €1-0T TT €101 TT (9.-uT :8T) p1oe 910U3D3PEIIO
160  SET-TTT  ¥2T  6ET-TIT €l (06-UT :8T) P19B A1B|0
600 60-€0 S0 60-€0 S0 (02-uT :9T) proe 1vj0NWEd
190 S00-€00  ¥00  S0'0-€00 00 (06-UT :GT) ploe djouBd3PEIUS]
820 €0°0-0'0 100 €0'0-0°0 100 (0G-UT :¥T) p1oe 218 0ISLISAIN
860  6LT-9vT  Z9T  6LTLYT  TOT SpIOY A11ed paleanlesunouociA 1oL
910 Tree 1€ TY-€¢ T (0:%2) proe oL1390UBIT
660 €020 €0 ¥'0-2°0 €0 (0:€2) proe d10uESOdLL
050 02T ST 0221 ST (01z2) p1oe dusleg
10 G0-€0 7’0 §0-€0 7’0 (0:02) proe 21p1yoelY
1.0 20-T0 T0 20-T0 T0 (0:6T)p10® J10UBRIBPRUON
680  ¥SI-GET  0ST  LBTVET 611 (0:87) p1oe oLEAlS
650 §0-€°0 0 §0-€0 0 (0:21) proe oubren
990  82C68T  L0Z 87681  L0C (0:97) proe oniwred
260 2010 70 Z0-T0 70 (0:ST) pi2e d10uEIBPEILS]
69°0 1020 0 1'0-2°0 0 (0:7T) p1oe onsLIsAIN
110 ¥0'0-0'0 700 ¥0'0-0°0 700 (0:21) proe ounen)
€80 ¥9rzOv  €Tr 8900y  Tv SpIoV A¥jeq pajeanies elol
anjen-d  96UI06-0T  UBIPSIN  9%6U06-0T  UeIpsIN
1041U0d ased

11 ApNS Y1jeaH ,SasInN ‘S|0J1u09 pue sased Buowre (spioe Al1e) [2101 JO 9p) Spioe A1le) 81420441443 JO SUOIIRIIUBIUOD

¢ dlqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2019 March 15.



Page 18

poe a18]0/p1oe oleslS=6-Uonel _mu

p12e d18|0NLed/PIdE dNIW[ed = L-Uoles IS,

suel) Z:8T+suel T:8T=Suel] _m_:m:uc_e

1/-UT:9T + 0:/T + 0:GT=SpIoV Ane4 nm>:mué_mn_w

L0 ST-0T T 9107 ) plonesis
V00 969-§€C 9Ty LTlver T ottones s
86'0 L€V 09 L'V 09 oney €-U/9-u [el01
o 97-¢T 61 97¢1 6T gSUeA [etsnpul
50 60-90 L0 6'0-90 ) pSPIOV Anted pantisp-Aireq
92'0 ¥'0-2°0 €0 v'0-2°0 €0 suel 281
92'0 2T 971 €11 97 suel T:91
S0 T'0-700 70 10700 70 (92-Uz:8T) pIoe 210UBIPEI3PEIND
290  €00-100 200  €00-T00 200 (19-uz:gT) p1oe dIprejsjour
LT0 Z0-T0 z0 Z0-T0 z0 (32-UT:9T) P13e dIprejelWIed
70 6257 12 65T 2 spIoy A1e4 suel [eloL
09'0 9e-2 6'C §e-2e 62 (09-Up:z2) pIoe a1uaIjoy
¢co T7T°0-90°0 TO0 T7°0-90°0 TO (99-uz:zz) p1oe d10uaIpes0d0Q
120  €S1-GTT  ¥E€T  0SI-€T1T Vel (09-U:02) p1oe djuopIyIRIY
v20 02-21 g1 02-CT ST (09-ug:0z) p1oe d1usjouljewwebowoyiq
86'0 £0-2°0 €0 £0-20 €0 (09-Uz:02) proe d10uaIPESOIIT
500 Z0-T0 70 Z0-T0 70 (09-ug:8T) pIde dluBjOUI|-BULIED
10 6SI-TTT V€T Z9T-€TT  9€l (929-uz:8T) PI2e dIB|0UIT
v9'0  6ve-T8 T2  0Ge-T8 €T sp1oy A1ed payeanyesunAjod 9-u

Hirko et al.

onfen-d  96UI06-0T  UBIPSIN  96UI06-0T  UBIPaA

|0J3u0d a9sed

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2019 March 15.



Page 19

Hirko et al.

11 ApMS Y3[eaH ,S3SINN ‘UONRIIUSIUOD PIoe A1ey 81A004U3AIs Jo sajnuInb 0) Buipiodoe 1aoued 1seaiq Jo (1D %S6) MSH aAIR|a) Lpaisnipe-sjqeleAn|niA

Author Manuscript

90
100
90
LE0

(¥S'1-8L'0) OT'T
(€0'1-67°0) TL'O
(ev'1-1L°0) 00'T
(91'1-85'0) 28'0

(ov'1-1L0) 00'T
(S0'1-25°0) v2'0
(9v'1-€L°0) €0'T
(S0'T-v5'0) 9L°0

(¥2'1-€9'0) 88°0
(LT'1-09°0) ¥8°0
(9v'1-vL'0) ¥0'T
(LT'1-19°0) ¥8°0

(S¥'1-GL'0) ¥0'T
(0T'1-850) 08'0
(TL1-88°0) €2'T
(86'0-05'0) 0L°0

ot
@0t
(ot
ot

(9-U9:zz "WYHQ) P19k D10UsLX3YEes00(
(0£-uG:2Z'vd@) p19e dlouselusdesodoq
(9€-UG:02Vd3) pioe d1ousejuadesodiq
(0g-ug 8T 'V1V) pIoe dlusjoul|-eyd)y

(v7'1-2,°0) 20T

(9T°T-85°0) 28°0

(02'1-29°0) 98°0

(6v'T-82°0) 20T

(ot

Sp1oy A1e4 pareaniesunAjod g-u

980
600
790
LE0
€10
0.0
444

(T9'1-02'0) 90'T
(¥6'7-G6'0) 9€'T
(ov'1-1L°0) 00'T
(T€'1-99°0) €6°0
(¥0'1-67°0) 2L°0
(T8'1-v2'0) 90'T
(81'1-25'0) 28°0

(95'1-62'0) 80'T
(69'1-€8°0) 6T'T
(Lr'1-92°0) 90'T
(0T'1-65'0) 8L°0
(Tz'1-09°0) 58'0
(5€'1-89°0) 96°0
(92'1-29°0) 88°0

(zv'1-69'0) 66°0
(59'1-28°0) 9T'T
(L2'1-59°0) T6'0
(0e'1-29°0) €6°0
(00'1-67°0) 0L°0
(z9'1-€8°0) 9T'T
(ST'1-85'0) 18'0

(89'1-88'0) 22'T
(S5'1-6L0) 0T'T
(6T'1-19°0) 58°0
(¥¥'1-92°0) SO'T
(92'1-69°0) T6'0
(62'1-99°0) 26'0
(¥2'1-€9'0) 88°0

ot
@0t
@anot
ot
@0t
ot
ot

(96-UT :17Z) p1oe dUOAIBN
(96-uT :02) P13E 210pUOD
(9/-UT :8T) P19€ 210UBIBPEIIO
(96-uT :8T) p1oe AIBI0

(0£-uT :9T) p1oe d1sj0NWIEd
(9G-UT :GT) p1oe d10UBIBPEIUSH

(9G-UT :T) p1oe d1a|0ISUSAIN

950

(0£'T-v9°0) 160

(9T°T-25°0) 28°0

(6£T-02°0) 660

(TZ'1-€9°0) 280

(ot

Sp1oy A11e4 pajeanIesunouoiA (1oL

¥€0
180
180
680
150
¥6°0
7]
610
S6°0
080
8’0

(e€'1-25°0) €8°0
(oLT-1L0)0TT
(LL1-100) 2TT
(55'1-62'0) 80'T
(TL1-180)8TT
(¥9'1-08'0) ST'T
(T9'1-08'0) €T'T
(ez'1-150) 6L°0
(¥5'1-92°0) 80'T
(T€'1-€9°0) T6'0
(62'1-850) 98°0

(5e'1-85'0) 88°0
(s€'1-19°0) T6'0
(69'1-8L'0) ST'T
(T9'1-6L'0) 20'T
(05 T-v2'0) SO'T
(6T'1-,5°0) €8°0
(09'1-08'0) €T'T
(LT'1-€50) 620
(T5'1-92°0) 20'T
(zT'1-95°0) 6L°0
(8T'T-¥50) 08'0

(S5'1-1L°0) S0'T
(ev'1-99:0) 96'0
(e6'1-€6'0) ¥E'T
(8€'1-0.'0) 86'0
(eL1-18°0) €21
(¥9'1-28'0) 9T'T
(e5'1-8L'0) 60'T
(ov'1-120) 20T
(62'1-v9°0) T6°0
(¥T'1-,5'0) 08°0
(e91-L20)2TT

(¥¥'1-0L'0) 00'T
(ev'1-2L0) 10T
(¥8'1-26'0) 0E'T
(¥9'1-G8'0) 8T'T
(€9'7-€8°0) 9T'T
(TL1-98'0) T2'T
(v, 1-/8'0) €2'T
(6€'7-690) 86'0
(69'1-280) T2'T
(97'1-09°0) £8°0
FT'T-v5°0) 8L°0

ot
(ot
ot
ot
(ot
(ot
ot
(ot
(ot
ot
(ot

(0:t72) p1oe 211820UbBIT
(0:£2) p1oe o10ULS0dLI |
(0:22) proe d1usysg
(0:02) pr1oe o1pIyoRIY
(0:6T)p19€ d10URIBPRUON
(0:81) proe oLreRIS

(0:27) proe oubIeN
(0:97) proe oniwred
(0:ST) p1oe 210UBRIBPEIUAd
(0:%1) proe onsLISAIN
(0:2T) p1oe ouneT

JAAY]

(T2'1-09°0) 580

(68°0-€7°0) T9'0

(52'1-€9°0) 68°0

(90'1-€50) SL°0

(o7

sp1oy Anred payeanyes [exol

puang

Te}

7O

€0

20

SUOIRIIUBOUOD PIo. A11e) 81400441448 JO S3|IUIND

10

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2019 March 15.

in

available

Int J Cancer. Author manuscript



Page 20

Hirko et al.

uoneIoe| ‘(sresh Gz UaIp[Iud +€ pue ‘sieak Gz ualp|Iyd g—T ‘sieak GZ> UaIp|IYd +€ ‘sieak Gg> ualp|iyd g—T ‘snotedijnu) ALred/yniq 1siy Je abe ‘(sieak +1T ‘PT—ET ‘2T>) aydJeusw Je abe 1oy paisnipy

Author Manuscript

suely Z:8T+suUel T:8T=Suel] _m_:w:uc_n

1L-UT:9T + 0:LT + 0:GT=Sp1oe Ane} 8>__%é_8m

(333mMysINOY-LIIN +22 pue /z> 01 8T ‘8T> 01 6 ‘6> 0} € ‘€>) AN [edisAyd ‘(snonunuod)uod8]|02 poojq pue 8T
abe usamiaq abueyd ybiam .ANEBV_ €22 pue £2-T¢ ‘Tz>) 8T abe 1e |INg ‘(Aep/swesh 62/>)uondwnsuod joyoaje “(ou/sak) aseasip isealq ubluag o A1oisiy ‘(ou/sak) 1aaued isealq Jo Aloisiy Ajiwey ‘(ou/sak)

7]

(67'1-G2°0) SO'T

(L7 1-€L0) ¥0'T

(1€'1-99'0) €6'0

(L7'1-62°0) SO'T

(ot

6-U
pSlones 1s

(26'1-16°0) 2€'T

(2S'T-v2°0) 90°T

(82'1-89°0) L6'0

(97’ T-v2°0) ¥0'T

()07

o4loneld |s

(55'7-82°0) 60'T

(zv'1-T2°0) 00'T

(26'1-82°0) 80T

(¥2'1-€9°0) 88°0

@) oT

oney g-u/9-u eroL

(217-58°0) 12T

(L17-68°0)S2'T

(S9'1-58°0) 6T'T

(S¥'1-62°0) SO'T

(101

gSuell [eLasnpuj

LE0

(TL7-68°0) 12T

(251T-08°0)2T'T

(L5T-620)2T'T

(09'T-18°0) €T'T

(#1071

2SPIoY Alred panlisp-Aiteq

ov'o
100
S8°0
680
ov'o

(ST'1-25°0) 18°0
(98'1-¥6'0) 2E€'T
(€8'1T-620) LTT
(6v'1-0L°0) 20'T
(09'7-820) 2T'T

(Lr'1-9.°0) S0'T
(55'1-8L°0) OT'T
(82'1-8L0)8T'T
(T9'1-92°0) 20T
(6¥'1-2L°0) 20T

(ov'1-€L'0) T0'T
(€5'7-82°0) 60T
(86'7-88°0) ZE€'T
(8€'1-0L'0) 66'0
(99'7-98°0) 02'T

(T€'1-89'0) 56'0
(¥€'7-69°0) 960
(602—20T) 9v'T
(9v'1-GL'0) SO'T
(62'7-990) 26'0

(1) 01
(ot
@)oot
(1) 01
(ot

suel] Z:8T
suel] T:8T

(9/-Uz:8T) p1oe 210UaIPLRIBPEINO
(39-ugz:8T) p1oe o1predjoul
(12-uT:9T) p1oe d1prejaNWIed

800

(¥8'T-26°0) 0E'T

(09°'T-18°0) ¥T'T

(€5'T-82°0) 60T

(8€'T-22°0) 660

@a)oT

spIoy Anedsued] [ejol

SE0
§S¢0
150
9.0
00T
800
6T°0

(Ly'1-69°0) TO'T
(eL1-€8°0) 02T
(#1'7-85°0) 18°0
(09'1-08'0) €T'T
(8G'1-5L'0) 60T
(20'T-+5'0) 9L°0
(SL'1-88°0) ¥2'T

(96'1-66°0) OV'T
(TL'1-980) 12T
(26 T-T8°0) €T'T
(ev'1-2L'0) 20T
(¥7'1-95°0) 08'0
(6T'7-19°0) 580
(72'1-88°0) ¥2'T

(6v'1-2L°0) L0°T
(9v'1-2L0) €01
(6T'1-29°0) 980
(ev'1-€L0) 20T
(€0'1-05°0) TL'0
(90'T-+5'0) GL°0
(Lr'1-5L'0) SO'T

(Ty'1-1L°0) 00T
(06'1-2L'0) 20T
(92°'1-99'0) 16'0
(€9'1-58'0) 8T'T
(zg'1-2L0) 80T
(er'1-920) ¥0'T
(95'1-08'0) ¢T'T

(1) 01
(#1071
Gan ot
(101
(@101
Gan ot
(101

(99-uy:zz) proe olualjoy

(099-Ug:z2) pIoe 210UBIPES020Q
(99-U:02) proe o1uopIyoRIY

(99-ug:0z) p1oe d1uajoulfewwebowoylq
(99-ug:02) ptoe o10usIPESOdIg
(99-Ug:8T) pIoe d1UB|OUl-BLIWERS

(999-uz:8T) p12e d18j0uIT

€e0

(0v'1-69°0) 86°0

(22'1-16°0) S2'T

(97'1-92°0) SO'T

(€T'T-250) 08°0

@an)oT

sp1oy A1e4 pareanyesunijod 9-u

pusny

SO

7O

€0

20

SUOITeIIUIU0I pIoe AJ1e) 8149044143 JO SajiuInd

10

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2019 March 15.

in

available

Int J Cancer. Author manuscript



Page 21

Hirko et al.

pIoe 213]O/p1oe d1Iea1S=6-Uonel _w\Q

pI2® d19|0NW[ed/PIde dnIwW(ed =L-Uolyes IS,

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2019 March 15.



Page 22

€00 200 (680-9€0) 260 (LTT-6v0)9.0 (02T-870)920 (NOT Lr0 (65T-220)L0T (L€T-€90)€6'0 (BT'T-GG'0) T80 (2N 0T  (9g-ug :8T 'W1V) p1oe dlusjoul|-eyd)y
€20 TT0 (80T-2v'0)890 (L0T-€v'0)890 (ETT-870)v.0 ()OT 280 (¥9T-920)TTT (IST-0L0)€0T (L6T-880)2€T (40T spIdY Ared peyeaniesunfjod g-u
L0 00T (S9T-99°0)G0T (S¥'T-650)260 (€LT-0L0)0TT (L)OT .80 (V' 7-290)860 (0V'T-59'0)S6'0 (LT T-¥S0)6L0 (431) 0T (96-UT 1) p1oe d1UOAIAN
120 ¢r0 (182260 97T (8T-920)6TT (06T-620)2¢T (NOT w0 (89T-L20)¥T'T (25T-890)TOT (9V'T-+9'0) 26'0 (434) 0'T (06-UT :02) p1oe 910pU0D
960 890 (85T-S9°0)T0T (I€T-S50)¥80 (20T-Tv0)¥90 () 0T 680 (0v'T-€90)¥60 (68T-L80)62T (62T-850)L80 (0T (9£-uT:8T) Proe 210URIBPEIO
0c0 800 (S0T-2v'0) 290 (00T-0v0) €90 (OT'T-€70)69°0 (LNOT +50 (2€7T-090) 680 (52'T-850)S80 (6T'T-2G0)280 (1) 0T (96-UT :8T) p1o€ 219]0
280 ¥€0 (rT-v50)680 (18T-290)0TT (96T-020)LTT (NOT 860 (0£T-250) €80 (20'T-87°0) 020 (SO'T-2G0) ¥2'0  (40) 0T (9£-uT :9T) proe o1vj0NWIEd
€0  Tr0  (S8T-TL0)STT (95T-9°0) 00T (90'T-G70)690 (1) 0T 880 (€9T-¥20)0TT (L2T-6L0)8TT (Tre—v0T)8ST (40T (9G-uT:ST) pIoe 10UBIBPEILA]
020 .50 (197T-090)96'0 (v€T-250)¥80 (TT-€70)690 (NOT 020 (ETT-€50) 2.0 (20T-L¥'0)0L0 (ET'T-¥S0)8L0 (1) 0T (9G-UT:¥T) p1oe o19|0IsLISAIN
Ggo 210 (60T-2v'0)890 (62T-6v'0) 080 (E€T-¢50)€80 () OT 690 (¥ST-290)20T (reT-850)58°0 (0LT-280)8TT (&) 0T  SPIV Aed paleanjesunouoin [eloL
€80 190 (L2T-250)280 (OTUT-Lr0)v.0 (86'0-6€0)290 (LNOT 090 (S€T-190) 160 (69T-6L0)9TT (S2'T-280)02T (431) 0T (0:72) proe o11300UBI

950 860 (G§T-v90)66'0 (95T-¥9'0)66'0 (95T-€9'0)66'0 ()OT L0 (38T-¥80)¥eT (IST-690)20T (89 T-LL0)¥T'T (431) 0T (0:€¢) proe o10ueSOOL|

/80 880 (89T-990)S0T (92T-150) 080 (0v'T-850)060 (21)0T 890 (62T-180)02T (80Z-€60)6ET (S22—€0T)2ST () OT (0:22) proe olusyag
200 500 (Tre-.60)eST  (96T-220)€2T (0ST-690) 660 (LNOT 810 (2€7-850) 280 (TT-6v0)¥.0 (I6T-¥80)92T (431)0'T (0:02) p1oe d1p1yoRIY
700 €00 (822-S0T)TLT (LT2-880)86T (L6T-¥80)82T (L)OT 800 (T'T-150)8L0 (8€'T-09'0)T60 (68'T-280)SZT (44)0'T (0:6T) proe o10UBIBPEUON
€000 200 (rz-T0T)8ST (8GT-G9°0) TOT (2§T-090)960 (@HOT 900 (90T-6v0)2L0 (STT-250)8.0 (2v'1-G9°0)960 (01) 0T (0:87) p1oe oLeRIS
0000 TO0 (88Z-8T'T)G8T (¥0'Z-080)82T (92T-GL0)ST'T (B1)OT 800 (6T'T-150)8L0 (ETT-8Y0)¥L0 (2LT-€L0)2TT (31)0'T (0:21) proe oubreN
080 1.0 (9€T-¥50)980 (¥S5T-09'0)96'0 (€2T-050)820 (NOT 90 (L€T-T90) 160 (97’ T-89°0) 00T (68'T-06'0)0E'T (43)0'T (0:97) proe oniwied
2000 200 (#97-201)89T (S0T-+80)T€ET (TLT-0.0)60T (RHOT TT0  (BTT-¥50) 180 (PTT-TS009.0 (L9T-9L0)ETT (10T (0:GT) pre d10UBIBPEILAd
70 260 (02T-890)80T (€5T-290) 60 (8€'T-€50)S8'0 (@N)OT 690 (221-090)280 (TT'T-TS0)SL0 (0TT-250)9.0 (a1)0'T (0:7T) proe onstisAN
690 ¢60 (9v'1-850)26'0 (6¥'T-19°0)G6'0 (YET-¥50)G80 (RNOT 050 (82T-650) 280 (2'1-99°0) 260 (8€'T-S9'0) ¥6'0 (434) 0'T (02T) p1oe oune
100 200 (T22-06'0) T¥'T (92T-0L0)TTT (vv'7-850)T60 ()OT G000 (86'0-970)890 (¥8°0-6€0) LG50 (cT'T-250)9.0 (1) 0T spioy Ayed pajeanies |exol
wg  puang i7e) o) 0 10 puaig 7O €0 20 10

SUOITeIIUIU0D pIoe A11e) 8140044143 JO Ssajinrend

SUOITeIIUdU0I pPIoe A)je) 81400441AU3 Jo sajintend

PMC 2019 March 15.

in

available

Int J Cancer. Author manuscript

Hirko et al.

(s1013u00 G9g/s85E GZE Xew) Lw/BX G Z 1ING (s1013U00 gzp/s85E0 89y Xew),w/BX G > IING

11 Apn1S yY1jeaH ,SasINN ‘Uo1d9||09
poojq 18 |INgG AQ paiiiies ‘uoiesuasuod pioe Aney 31420141419 Jo sajiiienb 01 Buipioade Jaouerd 1seaiq Jo (1D 9%G6) MSH aANR|al xpalsnipe-ajqeleAn|ni

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 23

Hirko et al.

€00 800 (Lzz€60)Sr'T (22T-890)80T (87'T-290)960 ()OT €20 (6T T-¥50)080 (TT'T-050) %20 (9€T-T9°0)T60 (1) 0T p®onesis
660 9v'0 (P6'T-0L0)LTT (vT'2-280)9€T (86'T-98°0)0ST (1) 0T €20 (T2T-020)60T (6€T-950)88°0 (IZT-8v'0) L0 (2) 0T ottonet s
060 ¢€0 (16T-vL0)6TT (PLT-690)0TT (6€T-550)280 (a)0T 670 (29T-20)60T (69T-80)STT (9€T-290) 260 (21 0T oney €-U/9-U [eloL
200 €000 (67-9TT)98T (902+¥80)TET (€£T-250)¥80 (&) 0T 860 (¥£T-190)060 (65T-TL0) L0T (ET'T-0S50)9.0 (8) 0T gSUBA [BHISnpUl
0000 5000 (682-9TT)e8T (68T-220)T2T (SST-#90)00T () 0T 600 (80T-8v'0)2L0 (E£T-650)880 (6E'T-09°0) T60 (81) 0T pSPIOY Aed pantisp-Aireq
G660 Zr0  (62T-150) T80 (6T T-L#'0)G.0 (¥2T-6v0)8.0 (8)OT 860 (STT-250)820 (€ST-TL0)S0T (T2T-250)€80 (80T suel 7:8T
100 0000 (2e-svT)eee (€€2-260)9rT (L8T-SL0)8TT (©)0T 860 (S€T-19°0) 160 (67'T-290)00T (0T T-670)€L0 (B1)OT suely 1:81
0T0 #¥T0 (2rz—260)6v'T (802-6.0)82T (€T2-080)0T ()OT 620 (F21-650)€80 (95T-€L0)20T (v2'T-28°0)02T (10T (92-ug:8T) proe 210UBIPLIBPEIIO
¥20 €0 (98T-62°0)8TT (+22-880)Tr'T (LST-€9°0)660 (B1)0OT 90 (€£T-T90) 060 (62T-19°0)88°0 (92 T-850)S80 (481) 0T (39-uz:8T) p1oe d1pre|sjoulT]
0000 0000 (68€-0ST)Tre (2T2-S80)vET (LLT-TL0)2ZTT (80T 8y0 (0£T1-850) 280 (98 T-€80) ¥ T (€9T-T20)80T (381)0°T (32-uT:9T) p1oe oIprejHWIEd
200 2000 (€0e-LTT)88T (9e2-¥6'0)67T (IST-650)660 (B)0T 680 (9€T-19°0) 160 (LST-TL0)90T (S2T-950)€80 (1) 0T spioy Anresuel| [ejol
950 Ge0 (S8 T-€20)9TT (902—+¥80)2eT (S5T-290)860 (HOT 960 (S§T-0L0)¥0T (L2'7T-850)98°0 (0ST-02°0)20T (80T (09-ut:zZ) proe olusljoy
100 000 (8se-6€T)€zC (G2z—260)vvT (Lzz—260)vrT (@) 0T Tr0 (521260 ¥80 (6€T-T9°0)26'0 (9€T-T90)T6'0 (1) 0T (09-uz:zz) proe ojousIpesodoq
250 050 (T21-050)8.0 (9€T-250)88°0 (06°0-9€0) 260 () 0T 680 (F7'1-990)860 (89 T-6.0)STT (97 T-290)660 (1) 0T (99-ut:02) proe d1uopIyoRIY
080 620 (05T-650) %60 (y2T-97'0)920 (S5T-850)S6'0 ()OT 260 (€7 T-290)¥6'0 (6GT-9.0)0TT (SF'T-02'0)TOT (81) 0T  (99-ug:0g) proe dlusjoutfewwehowoyiq
GT0 ¢e0 (b21-150)080 (BT'T-050) 220 (02T-060)8.0 (80T 1€0 (¥8'T-G80)G2T (G€T-T9°0)06'0 (09°T-€2°0)80T (1) 0T (09-uz:02) poe d1ouBIPes0II]
G00 T00 (T0T-8€0)290 (€7'1-650)88°0 (26T-TL0)ZTT ()OT 890 (€97-T20)80T (97 T-69°0)00T (¥€T-99'0)¥60 (81 0T (09-ug:8T) pIoe d1UB|OUI|-_WURD
¥00 €70 (v2T-150)620 (cvr'71-850)16'0 (ET'T-87°0)€L0 () 0T T00 (972-TTT)S9T (v0'Z-16'0)9T (88°T-T80)¥ZT (481 0T (099-ugz:8T) proe a18j0UIN
600 180 (BT'T-9¢0)¥20 (0LT-TL0)0TT (19T-990)€0T () 0T 010 (06T-880)62T (€2T-080)8TT (S2T-950)¥80 (18107 sp1oy Anred pereanjesunijod 9-u
020 €0 (€TT-670) 2.0 (SOT-€7°0) 290 (90T-#70)890 ()OT 920 (P6T-880)TET (€LT-8L0)9TT (/8T-¥8°0)G2T (1) 0T (9g-u9:gz ‘wHQ) p1oe dlousexayesodoq
¥S0 S00 (86'0-6£0) 290 (82T-€50)280 (y2'1-€50)180 ()0OT €0 (1212501680 (80'T-87'0)220 (Z€T-090)680 (391) 0T  (9€-UG:ZZ'vda) proe dlouseiuadesodoq
¥00 200 (68°0-v€0)950 (2€T-€50)¥80 (0€T-150)280 () 0OT 90 (SLT-6L0)8TT (¥91-92°0)2T'T (€9T-9L0)TTT (1) 0T (0£-Ug:02"vd3) p1oe dlouseluadesool]
d - puend 7O €0 20 10 puaid 7O €0 20 10

SUOITeIIUIU0D pIoe A)1e) 8140044143 JO Ssajinrend

SUOITRIIUIU0I pIoe A)je) 8140044143 Jo sajinaend

(s1013u00 G9g/sa5E GZE XewW) LW/BX GZ Z 1ING

(S1043U00 8Z17/s95RD 89 Xew),w/B3 G2 > IINg

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2019 March 15.

in

available

Int J Cancer. Author manuscript



Page 24

Hirko et al.

p1oe 918]0/p1oe dLea)S=6-Uonel _mn

PIe Ola|ONWIEd/PIE IMWled =L-Uonel IS

suely :gT+suBl T:8T=suel} _@_:m:_oc_Q
1-UT:9T + 0T + 0:GT=Sp1oe Aney um>:%.\c_mn_m

(>199M/sN0Y-1 JIN +/Z PuUe /2> 03 8T ‘8T> 01 6 ‘6> 0} € ‘€>) AlAIIE [eaIsAyd ‘(SNonNUUOI)UOII8]|09 POO|q pue 8T

abe usamiaq abueyd 1ybrem ‘(zw/By £z< pue £z-Tz ‘Tz>) 8T abe 1e |G ‘(Aep/swelb G</>)uondwnsuod joyodfe ‘(ou/saA) aseasip 1sealq ubluag Jo A10is1y ‘(ou/seA) Jadued 1sealq Jo A10isty Ajiwey ‘(ou/sak)
uoneIoe| ‘(sieak Gz< UaIp|Iyd +€ PUe ‘sieak GzZ< UaIp|Iyd Z—T ‘SIeak GZ> ualIp[Iyd +¢€ ‘sieak Gz> uaipjiyd z—1 ‘snoJedijjnu) Ared/yuig 1say ye abe ‘(sieak +¢T ‘YT—ET ‘2T>) aydJeusw Je abe :10} paisnipy

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2019 March 15.



	Abstract
	Introduction
	Materials and Methods
	Study population
	Case and control selection
	Laboratory assays
	Fatty acids
	Statistical methods

	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4

