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ABSTRACT
Background: Fatty acids (FAs) may be important dietary compo-
nents that modulate osteoporotic fracture risk.
Objective: The objective was to examine FA intake in relation to
osteoporotic fractures.
Design: The participants were postmenopausal women enrolled in
the Women’s Health Initiative (n = 137,486). Total fractures were
identified by self-report; hip fractures were confirmed by medical
record review. FA intake was estimated from baseline food-
frequency questionnaires and standardized to total caloric intake.
No data on omega-3 (n23) FA supplements were available. Cox
proportional hazard models were constructed to estimate risk of
fracture.
Results: Higher saturated FA consumption was associated with
higher hip fracture risk [quartile 4 multivariate-adjusted hazard ratio
(HR): 1.31; 95% CI: 1.11, 1.55; P for trend = 0.001]. Lower total
fracture risk was associated with a higher monounsaturated FA in-
take (quartile 3 HR: 0.94; 95% CI: 0.89, 0.98; P for trend = 0.050)
and polyunsaturated FA intake (quartile 4 HR: 0.95; 95% CI: 0.90,
0.99; P for trend = 0.019). Unexpectedly, higher consumption of
marine n23 FAs was associated with greater total fracture risk
(quartile 4 HR: 1.07; 95% CI: 1.02, 1.12; P for trend = 0.010),
whereas a higher n26 FA intake was associated with a lower total
fracture risk (quartile 4 HR: 0.94; 95% CI: 0.89, 0.98; P for trend
0.009).
Conclusions: These results suggest that saturated FA intake may
significantly increase hip fracture risk, whereas monounsaturated
and polyunsaturated FA intakes may decrease total fracture risk. In
postmenopausal women with a low intake of marine n23 FAs, a high-
er intake of n26 FAs may modestly decrease total fracture risk. This
trial was registered at clinicaltrials.gov as NCT00000611. Am J
Clin Nutr 2010;92:1452–60.

INTRODUCTION

Osteoporosis is a major public health concern that dispro-
portionately affects women (1). Each year in the United States,
there are .1.5 million fractures attributable to osteoporosis,
including 329,000 hip fractures (2). Osteoporosis results in a
lifetime fracture risk of nearly 40% for women (3). It is therefore
vital to identify common exposures that affect this pervasive
public health problem.

Nutrition is an environmental exposure that is important to
skeletal health. A large number of nutritional factors ranging
from protein intake to minerals and vitamins have been identified

as playing a potential role in modifying the risk of osteoporosis
(4–9). Nutrients may act directly by modifying bone turnover,
stimulating bone formation, or affecting calcium balance and
may ultimately modify bone mineral density (BMD), minerali-
zation, bone quality, and fracture risk. Research investigating
intakes of saturated, monounsaturated, and polyunsaturated fatty
acids (FAs) in relation to BMD and fracture risk has yielded
varied results (10, 11).

Recently, the essential FAs of the omega-6 (n26) and omega-3
(n23) families have been suggested to play a role in bone health
and metabolism (12–20). In most studies, n23 FAs reduce and
n26 FAs increase markers of bone turnover in animal (18, 20,
21) and cell models (22, 23), possibly related to the more anti-
inflammatory properties associated with the family of n23
FAs. In humans, higher consumption of n23 FAs and lower
n26:n23 ratios have been associated with higher BMD (13–15)
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and more favorable bone turnover markers (12). In prospective
cohort studies, greater dietary intake of n23 FAs is associated
with lower concentrations of circulating inflammatory cytokines
(24), whereas greater consumption of n26 FAs have been as-
sociated with increased fracture risk (11). Data from fish-oil
supplementation studies suggest that there may be an optimum
level of dietary eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA) needed to promote the most favorable con-
ditions for bone remodeling (25).The purpose of the current
study was to examine dietary fat intake, specifically n23 and
n26 FAs, the type of n23 FA and the n26:n23 FA ratio, and
risk of fractures in postmenopausal women who were enrolled in
the Women’s Health Initiative (WHI) studies. The primary hy-
pothesis was that n23 FAs would reduce the risk of osteoporotic
fractures. Secondary hypotheses were that higher n23 FA
consumption from both marine and nonmarine sources would be
associated with lower fracture risk, and higher intake of n26
FAs as well as a higher n26:n23 FA ratio would be associated
with increased fracture risk.

SUBJECTS AND METHODS

Study population

The WHI is the largest study to date focusing on prevention
and control of some of the most common diseases contributing
to morbidity and mortality in postmenopausal women, including
coronary artery disease, breast and colorectal cancers, and os-
teoporotic fractures. Details of the study design and methods
were previously reported (26). Between 1993 and 1998, ethni-
cally diverse women (n = 161,808) between 50 and 79 y of age
enrolled in the WHI. A total of 68,132 women joined �1 of the
3 randomized clinical trials; a low fat dietary modification trial
(DM) compared with usual diet, 2 placebo-controlled hormone
therapy (HT) trials with estrogen alone or estrogen plus pro-
gestin and a calcium plus vitamin D supplement trial compared
with placebo (CaD). Participants not eligible or not interested in
the clinical trials were able to enroll in the Observational Study
(OS); this included 93,676 women. The study was reviewed and
approved by the Human Subjects Review Committee at each of
the 40 clinical centers nationwide, and all participants provided
signed informed consent.

The study population for this analysis included women for
whom individual FA intake data were available at enrollment in
theWHI OS and clinical trial cohorts, excluding DM intervention
arm participants (n = 137,486). Information on demographics,
health and medication history, and lifestyle factors was collected
by using screening questionnaires and interviews at baseline
enrollment.

Dietary assessment

Dietary intake was assessed by using a semiquantitative food-
frequency questionnaire (FFQ) adapted from instruments used in
previous clinical trials. The FFQ contained 122 questions on food
items or food groups, 19 adjustment questions designed to allow
more precise analysis of fat intake, and 4 summary questions
addressing usual intake of fruit, vegetables, and added fats (27).
Nutrient intakes were obtained from the FFQ by using a database
derived from the University ofMinnesota’s Nutrition Coordinating

Center (version 30; Minnesota Nutrition Data System for Re-
search, Minneapolis, MN) (28). Whereas WHI collected data on
dietary supplement use, the protocol did not include the collection
of data on either n23 or n26 supplements; therefore, information
on FA supplements was not available for inclusion in these
analyses.

Fracture ascertainment

Fracture outcomes were self-reported by participants on
a health update questionnaire. For women in the clinical trials,
these questionnaires were administered every 6mo either at clinic
visit or by mail or phone. OS participants completed the health
updates by mail or phone annually. Proxy interviews regarding
health outcomes were conducted for those women who were
unable or deceased (6). Total fractures were defined as all clinical
fractures with the exception of fractures of the fingers and toes,
ribs, sternum/chest, skull/face, and cervical vertebrae. Fractures
were based on self-report in the OS cohort with the exception of
hip fractures, which were centrally adjudicated by trained and
blinded physicians in both the clinical trials and OS. Medical
records (radiology, surgery reports) were requested for all
fractures reported in the clinical trials, and these were centrally
adjudicated by a physician. There was 96% agreement between
central and local adjudication of hip fractures (29). In addition,
71% of self-reported single-site fractures could be confirmed in
a subset analysis of WHI participants from the 3 clinical centers
that fully adjudicated all fractures (30).

Statistical analyses

FA intake was determined by using the calculated values of
total fat, saturated fatty acids (SFAs), monounsaturated fatty
acids (MUFAs), polyunsaturated fatty acids (PUFAs), a-linolenic
acid (ALA), EPA + DHA, total n23 FAs, linoleic acid, arach-
idonic acid, total n26 FAs, and the n26:n23 FA ratio from the
dietary information gathered by using the baseline FFQ. FA
intake was standardized to total caloric intake (g/1000 kcal) to
account for variations in energy consumption. The FA intakes
were categorized based on quartiles of the FA consumption in
the study population.

HT use was defined as “yes” for women randomly assigned to
the estrogen-alone or estrogen + progestin arms of the clinical
trials and for OS women reporting current HT use at baseline. HT
use was defined as “no” for women randomly assigned to placebo
and for OS women reporting past use or never use of HT at
baseline. Covariates were identified as potential confounders
based on multivariate models of fracture risk in the WHI (31, 32).
Primary outcome variables were hip fractures and total fractures.

Descriptive statistics were calculated for covariates of interest
and dietary intake variables by total n23 FA intake in quartiles.
General linear model t tests for slope were performed to com-
pare the means of continuous covariates by total n23 FA intake
in quartiles. Chi-square tests of association and chi-square tests
for trend were performed to compare the quartiles of total n23
FA intake by the categorical variables. Age-adjusted fracture
rates according to FA intake in quartiles were computed.

Cox proportional hazards modeling was performed to estimate
the risk of fracture by total fat, SFA, MUFA, PUFA, n23, and
n26 FA intakes. We originally ran the analysis with the
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predictor variable (FA intake) expressed in 2 ways: 1) FA intake
in grams with total energy intake included as a covariate in the
model, and 2) FA intake as g/1000 kcal. Both approaches yiel-
ded similar results. Because fat recommendations are generally
reported as % of energy, we chose to report our results in this
format. Hazard ratios (HRs) with 95% CIs were calculated to
examine the relation between fracture risk and baseline FA in-
take in quartiles and categories of n26:n23 ratio. A trend test
across the quartiles of FA intake and the n26:n23 ratio was
preformed for all models. Cox proportional hazards modeling
was performed to estimate the risk of fracture by HT use and the
n26:n23 FA ratio and by calcium intake and the n26:n23 FA
ratio. Likelihood ratio tests were performed to test for inter-
actions between HT use and the n26:n23 FA ratio and between
calcium intake and the n26:n23 FA ratio.

Two sets of Cox models were constructed. The first, simpler
model was adjusted only for age and race-ethnicity. Covariates
for the second, full model were chosen a priori based on previous
research of fracture risk inWHI participants (31, 32) and included
age, race-ethnicity, education, marital status, family history of
fracture, fracture after age 54 y, number of falls in the past 12 mo,
height, weight, total vitamin D intake (food plus supplements), HT
use, antianxiety or antidepressant medication use, bisphosphonate
use, corticosteroid use, smoking status, arthritis, depression [Center
for Epidemiologic Studies–Depression Scale (CES-D)], general
health, parity, treated diabetes, and weekly exercise [metabolic
equivalents (METs) per week]. Because of the large significant
difference in calcium intake between women in different quartiles
of n23 FA intake, we added calcium intake (food plus supple-
ments) as a covariate in the full Cox models. FA intake was
standardized to total energy intake in all models, with the ex-
ception of models investigating the n26:n23 FA ratio. In these
models, total energy intake was added as a covariate because
this calculated ratio was based on FA intake in grams and not
standardized to total caloric intake.

To investigate the public health significance of our results, we
estimated population attributable risk (PAR) as follows:

PAR ¼ pðHR2 1Þ=1þ pðHR2 1Þ ð1Þ

where p is the prevalence of the risk factor. We included estab-
lished risk factors for fracture (lowest quartile of body weight,
parental history of fracture, current smoking, and current corti-
costeroid use) for comparison as well as types of FAs that we
found were significantly associated with increased hip fracture
and total fracture risk. All analyses were carried out by using
SAS version 9.1 (SAS Institute Inc, Cary, NC).

RESULTS

Descriptive data

Data on FA intake were available for 137,486 women from the
WHI who were administered an FFQ at the baseline visit. Ap-
proximately 38% of these women were on HTat the start ofWHI,
and 9.5%were randomly assigned to receive calcium and vitamin
D treatment in the CaD trial. Characteristics of the study pop-
ulation as a whole and by quartiles of n23 FA intake are reported
in Table 1. Mean self-reported energy intake of participants was
1622 kcal/d. Total daily calcium and vitamin D intakes from the

diet and supplements averaged 1199 mg/d and 375 IU/d, re-
spectively, with the highest consumption of both micronutrients
observed in the lowest quartile of n23 FA intake. Total fat in-
take averaged 32% of energy; SFAs and MUFAs provided 10.6%
and 12.1% of total energy, respectively. Total PUFA consump-
tion supplied an average of 6.7% of energy, primarily from n26
FAs (5.8% of energy). The vast majority of women (97%) re-
ported consuming �10% of energy from n26 FAs. Total n23
FA intake averaged 0.78% of energy (range: 0.08–5.64% of
energy). Nonmarine sources (ALA) accounted for most of the
n23 FAs consumed (0.70% of energy), whereas marine sources
(EPA + DHA) supplied only 0.07% of energy. The mean ratio of
n26:n23 FA in this cohort was 7.78. Over an average follow-up
of 7.8 y, 20,399 total fractures were reported, including 1638 hip
fractures.

Dietary fat and risk of hip and total fractures

After multivariate adjustment and standardization of fat intake
to energy intake, higher SFA consumption was significantly
associated with higher hip fracture risk (quartile 4 HR: 1.31; 95%
CI: 1.11, 1.55; P for trend 0.001) (Table 2). A higher intake of
MUFAs was significantly associated with slightly lower total
fracture risk (quartile 3 HR: 0.94; 95% CI: 0.89, 0.98; P for
trend = 0.050), as was a higher intake of PUFAs (quartile 4 HR:
0.95; 95% CI: 0.90, 0.99; P for trend = 0.019).

n23 Fatty acids and risk of hip and total fractures

Age-adjusted total fracture rates (per 1000 person-years) by
quartiles of total n23 FA intake (% of energy) decreased with
increasing n23 FA intake (quartile 1: 21.53; quartile 4: 19.71).
Whereas the lowest hip fracture rates were also associated with
the highest n23 FA intake, there was no linear relation noted
between total n23 FA and hip fractures; the highest hip fracture
rates were seen in the second quartile of intake (quartile 2: 1.69;
quartile 4: 1.51).

Multivariate HRs for risk of hip and total fractures according to
individual PUFA intake and total n23 and n26 FA intakes are
reported in Table 3. Although a higher consumption of EPA +
DHA was associated with lower hip fracture risk in the model
adjusted only for age and race-ethnicity (quartile 4 HR: 0.80;
95% CI: 0.70, 0.92; P for trend = 0.004), this association was
not significant when all covariates were included in the model.
No significant relation was noted with total n23 FA intake or
ALA intake and total fracture risk in the fully adjusted model. In
contrast with the inverse direction of association noted with
consumption of EPA+DHA and hip fracture, women with higher
intakes of EPA + DHA had a modest increase in risk of total
fractures after multivariate adjustment (quartile 4 HR: 1.07; 95%
CI 1.02, 1.12; P for trend = 0.01).

n26 Fatty acids and risk of hip and total fractures

The relation between total n26 FA intake and age-adjusted
total fracture rates was similar to that noted with n23 FA intake,
with a decrease in total fracture rates in individuals consum-
ing the highest n26 FA (quartile 1: 21.91; quartile 4: 19.58);
however, no relation was seen between rates of hip fracture and
total n26 FA intake (data not shown). Likewise, no significant
associations were noted with n26 FA intake and hip fracture risk

1454 ORCHARD ET AL



(Table 3). However, women in the highest quartile of total n26

FA intake had a significant decrease in total fracture risk (quartile

4 HR: 0.94; 95% CI: 0.89, 0.98; P for trend = 0.009) compared

with women in the lowest quartile of n26 FA intake. Results for

the most abundant dietary n26 FA (linoleic acid) mirrored total

n26 FA results, whereas arachidonic acid intake did not sub-

stantially contribute to n26 FA consumption (data not shown).

n26:n23 Ratio and risk of hip and total fractures

Cox proportional hazard models were fit to estimate the risk of
hip and total fractures based on n26:n23 quartiles (Table 4). No
significant relations associated with the ratio of dietary n26:
n23 FA and hip fracture were observed, but a significant trend
(P = 0.001) for lower total fracture risk was observed with n26:
n23 FA ratios .6.43. An analysis of interactions between the

TABLE 1

Baseline characteristics of Women’s Health Initiative (WHI) observational and clinical trial participants by quartile (Q) of total n23 fatty acid (FA) intake1

Characteristics WHI cohort

Total n23 FA intake

P

value

Q1

(,0.581% of

energy)

Q2

(0.581–0.736% of

energy)

Q3

(0.737–0.932% of

energy)

Q4

(.0.932% of

energy)

No. of subjects 137,486 34,345 34,492 34,213 34,436

Age at screening (y) 63 6 72 63 6 7 63 6 7 63 6 7 63 6 7 0.0026

Race-ethnicity [n (%)]

White 114,808 (83.5) 30,583 (89.0) 29,623 (85.9) 28,182 (82.4) 26,420 (76.7) ,0.0001

Black 11,398 (8.3) 1580 (4.6) 2462 (7.1) 3200 (9.4) 4156 (12.1)

Hispanic 5250 (3.8) 1248 (3.6) 1222 (3.5) 1297 (3.8) 1483 (4.3)

American Indian 575 (0.4) 141 (0.4) 131 (0.4) 158 (0.5) 145 (0.4)

Asian/Pacific Islander 3558 (2.6) 359 (1.0) 624 (1.8) 918 (2.7) 1657 (4.8)

Unknown 1897 (1.4) 434 (1.3) 430 (1.2) 458 (1.3) 575 (1.7)

Education, college degree, or higher

[n (%)]3–5
54,807 (40.2) 14,172 (41.6) 13,706 (40.0) 13,456 (39.6) 13,473 (39.4) ,0.0001

Parental fracture [n (%)]4–7 50,649 (36.8) 13,058 (38.0) 12,958 (37.6) 12,514 (36.6) 12,119 (35.2) ,0.0001

Fracture on or after age 55 y [n (%)] 17,614 (12.8) 4472 (13.0) 4498 (13.0) 4359 (12.7) 4285 (12.4) 0.0109

�Two falls in the past 12 mo [n (%)]5–7 16,626 (12.1) 4306 (12.5) 4324 (12.5) 4149 (12.1) 3847 (11.2) ,0.0001

Treated diabetes [n (%)]3–7 5958 (4.3) 1083 (3.2) 1476 (4.3) 1603 (4.7) 1796 (5.2) ,0.0001

Current HT user [n (%)]5–7 54,716 (39.8) 13,768 (40.1) 13,920 (40.4) 13,655 (39.9) 13,373 (38.8) 0.0004

Current smoker [n (%)] 9425 (6.9) 1928 (5.6) 2197 (6.4) 2439 (7.1) 2861 (8.3) ,0.0001

Arthritis [n (%)] 65,168 (47.4) 16,342 (47.6) 16,477 (47.8) 16,177 (47.3) 16,172 (47.0) 0.0953

Very good to excellent general health

[n (%)]3–6,8
79,730 (58.0) 21,198 (61.7) 20,025 (58.1) 19,370 (56.6) 19,137 (55.6) ,0.0001

Depression (CES-D score) 0.04 6 0.13 0.04 6 0.13 0.04 6 0.13 0.04 6 0.13 0.04 6 0.13 0.3397

BMI (kg/m2)3–6,8 27.8 6 5.90 27.2 6 5.62 27.9 6 5.90 28.1 6 6.03 28 6 6.09 ,0.0001

Physical activity (METs/wk)3–6,8 12.8 6 13.93 14.3 6 14.78 12.7 6 13.59 12.1 6 13.44 12.1 6 13.75 ,0.0001

Energy intake (kcal/d) 1622 6 633 1580 6 587 1645 6 629 1660 6 657 1603 6 653 ,0.0001

Protein intake (g/d)325,7,8 68 6 28.47 67 6 27.76 70 6 28.73 69 6 29.09 65 6 28.02 ,0.0001

Fat intake (g/d) 59 6 32.13 47 6 25.14 58 6 29.53 64 6 32.89 68 6 35.85 ,0.0001

Saturated fat 20 6 11.59 17 6 9.92 20 6 11.31 21 6 12.18 21 6 12.2 ,0.0001

Monounsaturated fat 22 6 12.46 18 6 9.84 22 6 11.51 24 6 12.75 26 6 13.83 ,0.0001

Polyunsaturated fat 12 6 6.89 9 6 4.327 11 6 5.333 13 6 6.392 16 6 8.51 ,0.0001

n26 FAs 10.7 6 6.16 7.6 6 3.991 9.8 6 4.86 11.5 6 5.774 13.9 6 7.624 ,0.0001

n23 FAs 1.4 6 0.764 0.8 6 0.350 1.2 6 0.47 1.5 6 0.614 2.1 6 0.901 ,0.0001

ALA 1.27 6 0.72 0.75 6 0.33 1.07 6 0.45 1.37 6 0.59 1.87 6 0.87 , 0.0001

EPA + DHA 0.13 6 0.12 0.08 6 0.07 0.12 6 0.09 0.14 6 0.12 0.17 6 0.17 ,0.0001

Calcium intake (mg/d)9 1199 6 739.36 1358 6 807.17 1235 6 702.76 1155 6 673.6 1048 6 732.23 ,0.0001

Vitamin D intake (IU/d)9 375 6 280.55 407 6 292.05 381 6 281.72 368 6 274.99 345 6 269.32 ,0.0001

1 All variables were assessed at the baseline screening visit. Dietary variables were assessed with a food-frequency questionnaire. CES-D, Center for

Epidemiologic Studies–Depression Scale; HT, hormone therapy; METs, metabolic equivalents; ALA, a-linolenic acid; EPA, eicosapentaenoic acid; DHA,

docosahexaenoic acid. P values for categorical variables, except race-ethnicity, were obtained by using chi-square tests for linear trend. The P value for race

was obtained by using a chi-square test for association. P values for continuous variables were obtained by using general linear model t tests for slope.

Differences between all quartiles were found for race-ethnicity, current smoker, general health, energy, fat, saturated fat, monounsaturated fat, polyunsaturated

fat, n26 fatty acid, n23 fatty acid, ALA, EPA + DHA, calcium, and vitamin D intakes (P , 0.0001).
2 Mean 6 SD (all such values).
3 Significant differences between Q1 and Q2, P , 0.0083.
4 Significant differences between Q1 and Q3, P , 0.0083.
5 Significant differences between Q1 and Q4, P , 0.0083.
6 Significant differences between Q2 and Q4, P , 0.0083.
7 Significant differences between Q3 and Q4, P , 0.0083.
8 Significant differences between Q2 and Q3, P , 0.0083.
9 Calcium and vitamin D values include the combined intake from food and supplements.
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n26:n23 ratio and calcium intake or HT did not modify the
results.

Population attributable risk

Results of the analyses estimating PAR for types of FAs
significantly associated with fractures are shown in Table 5. The
PAR for the highest quartile of SFA intake for hip fracture was
5.5%, which was similar to the PAR for current smoking (5.6%),
greater than the PAR for current corticosteroid use (1.5%), but
less than the PAR for lowest quartile of body weight (8.3%) and
parental history of fracture (7.3%).

The PAR for the lowest quartile of PUFA intake for total
fractures was 1.1%, whereas both the lowest quartile of MUFA
intake and the lowest quartile of n26 FA intake had a PAR of
1.4%. By comparison, the PAR for current smoking for total
fractures was 0.8% and current corticosteroid use was 0.7%,
whereas the lowest quartile of body weight was not associated
with a significant PAR for total fractures, and parental history of
fracture was associated with a PAR of 8.1%. Because of the very
narrow range of EPA + DHA intakes (quartile 4 represented only
a 0.09-g increase in intake compared with quartile 1), the PAR
for the highest EPA + DHA intake was not calculated.

DISCUSSION

This was the first study to comprehensively examine the re-
lation of hip fracture and total fracture in postmenopausal women
across categories of fat intake. In agreement with data from the

WHI Dietary Modification Trial (4), total fat intake was not
associated with risk of hip or total fractures. However, in our
study, a higher intake of SFA increased the risk of hip fracture in
a dose-dependent manner. Data on fat consumption and risk of
hip fracture are limited, but BMD data are widely available and
frequently used as a marker to predict hip fracture risk (33). Our
results support those of a recent analysis within the third National
Health and Nutrition Examination Survey (NHANES III), which
showed that a higher SFA intake was associated with lower BMD
at the hip (10). In contrast with a case-control study of hospi-
talized individuals aged .65 y in Spain suggesting increased
fracture risk with higher PUFA intakes (11), women in the WHI
had a modestly lower total fracture risk with higher consumption
of both MUFAs and PUFAs.

Consistent with previous research (11), total n23 FA intake in
WHI women was not associated with hip fracture or total
fracture risk. Although research on n23 FA intake and osteo-
porosis has focused on the marine-derived n23 FAs EPA and
DHA, we further explored risk of fractures in relation to intake
of ALA—the predominant nonmarine n23 FA in the US diet.
Although we found no association with ALA consumption and
hip or total fracture risk in our population, who had moderate
ALA intake, prior research suggests that a diet high in ALA may
reduce bone resorption in humans (12).

In our cohort, as in a recent report from the Cardiovascular
Health Study (34), intake of EPA + DHAwas not associated with
hip fracture risk. However, consumption of these n23 FAs was
associated with a slightly higher total fracture risk in our study.

TABLE 2

Multivariate hazard ratios (HRs) for risk of hip and total fracture by quartile (Q) of total dietary fat intake1

Dietary fat

No. of

subjects

Hip fracture Total fracture

HR (95% CI)2 P HR (95% CI)3 P HR (95% CI)2 P HR (95% CI)3 P

Total fat

Q1 (3.89–25.97% of energy) 34,231 1.00 0.005 1.00 0.325 1.00 0.001 1.00 0.146

Q2 (25.98–32.24% of energy) 34,240 1.04 (0.91, 1.20) 1.01 (0.86, 1.19) 0.97 (0.93, 1.00) 0.99 (0.94, 1.03)

Q3 (32.25–37.87% of energy) 34,211 1.09 (0.95, 1.25) 0.97 (0.82, 1.15) 0.93 (0.89, 0.96) 0.97 (0.92, 1.01)

Q4 (37.88–51.35% of energy)4 34,166 1.21 (1.06, 1.39) 1.11 (0.94, 1.32) 0.95 (0.91, 0.98) 0.97 (0.92, 1.02)

SFA

Q1 (1.25–8.28% of energy) 34,224 1.00 ,0.001 1.00 0.001 1.00 0.135 1.00 0.873

Q2 (8.29–10.52% of energy) 34,227 1.05 (0.91, 1.22) 1.04 (0.88, 1.22) 0.96 (0.93, 1.00) 0.97 (0.93, 1.02)

Q3 (10.53–12.77% of energy) 34,215 1.20 (1.04, 1.38) 1.12 (0.94, 1.32) 0.96 (0.92, 1.00) 0.99 (0.94, 1.04)

Q4 (12.78–36.70% of energy) 34,182 1.34 (1.17, 1.53) 1.31 (1.11, 1.55) 0.97 (0.93, 1.01) 0.99 (0.94, 1.04)

MUFA

Q1 (1.03–9.63% of energy) 34,245 1.00 0.069 1.00 0.758 1.00 ,0.001 1.00 0.050

Q2 (9.64–12.17% of energy) 34,215 1.11 (0.97, 1.28) 1.04 (0.89, 1.22) 0.98 (0.95, 1.02) 1.00 (0.95, 1.04)

Q3 (12.18–14.51% of energy) 34,229 1.12 (0.98, 1.29) 1.04 (0.88, 1.22) 0.91 (0.88, 0.95) 0.94 (0.89, 0.98)

Q4 (14.52–48.50% of energy) 34,159 1.14 (0.99, 1.32) 1.03 (0.87, 1.22) 0.95 (0.91, 0.98) 0.97 (0.92, 1.02)

PUFA

Q1 (0.71–5.16% of energy) 34,241 1.00 0.574 1.00 0.266 1.00 ,0.001 1.00 0.019

Q2 (5.17–6.42% of energy) 34,212 0.99 (0.86, 1.13) 0.95 (0.81, 1.11) 0.99 (0.95, 1.03) 0.98 (0.94, 1.03)

Q3 (6.43–7.89% of energy) 34,218 1.01 (0.88, 1.16) 0.91 (0.77, 1.07) 0.95 (0.91, 0.99) 0.96 (0.92, 1.01)

Q4 (7.90–31.84% of energy) 34,177 1.03 (0.90, 1.19) 0.92 (0.78, 1.09) 0.93 (0.90, 0.97) 0.95 (0.90, 0.99)

1 HRs and 95% CIs were obtained from Cox proportional hazard models. P values are from tests for linear trend. SFA, saturated fatty acid; MUFA,

monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.
2 Models were adjusted for age and ethnicity.
3 Models were adjusted for age, ethnicity, education, marital status, family history of fracture, fracture on or after age 55 y, number of falls in past year,

height, weight, total vitamin D intake, hormone therapy history, antianxiety or antidepressant medication use, bisphosphonate use, corticosteroid use, smoking

status, arthritis, depression, general health assessment, parity, treated diabetes, weekly exercise, and total calcium intake.
4 The maximum total dietary fat intake was 100% of energy, but the 99th percentile was 51%.
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One explanation for this unexpected positive correlation may be
that the very low consumption of marine sources of n23 FAs
coupled with the lack of data on n23 FA supplement use by
women in the WHI affected our results. It is possible that any
benefit of marine sources of n23 FAs to fracture risk may re-
quire a threshold of intake not reached by our cohort, because
the mean EPA + DHA consumption was 0.13 g/d, considerably
less than the ’0.5 g/d minimally recommended by many global
organizations (35). There was little variation in the range of
EPA + DHA consumed by our cohort, which made it difficult to
examine associations with higher marine n23 FA intakes and

fracture. Interestingly, women who consumed the most EPA +
DHA consumed the least calcium and vitamin D.

In comparison with other studies that examined n26 FA
consumption and reported no association (34) or an increased
risk of fractures (11), our cohort consumed a smaller amount of
n26 FAs. For example, individuals in a Spanish study who
consumed �18 g n26 FAs/d had a significantly elevated risk of
fractures (11). However, WHI participants in the highest quartile
of n26 FA intake averaged only 13.9 g/d and had a 6% decrease
in relative risk of total fractures. Also of note, men and women
in the Spanish cohort reported consuming ’30% more energy,

TABLE 3

Multivariate hazard ratios (HRs) for risk of hip and total fractures by quartile (Q) of dietary polyunsaturated fatty acid (PUFA) intake1

PUFAs

No. of

subjects

Hip fracture Total fracture

HR (95% CI)2 P HR (95% CI)3 P HR (95% CI)2 P HR (95% CI)3 P

n23 Fatty acids

Total n23

Q1 (0.08, 0.58% of energy) 34,203 1.00 0.747 1.00 0.826 1.00 0.021 1.00 0.260

Q2 (0.58, 0.74% of energy) 34,348 1.11 (0.97, 1.27) 1.10 (0.94, 1.29) 1.01 (0.97, 1.05) 1.01 (0.97, 1.06)

Q3 (0.74, 0.93% of energy) 34,070 1.03 (0.90, 1.18) 1.04 (0.89, 1.22) 0.97 (0.94, 1.01) 1.00 (0.95, 1.05)

Q4 (0.93, 5.64% of energy) 34,227 1.05 (0.91, 1.21) 1.00 (0.84, 1.18) 0.96 (0.93, 1.00) 0.97 (0.93, 1.02)

ALA

Q1 (0.08, 0.51% of energy) 34,232 1.00 0.177 1.00 0.565 1.00 0.006 1.00 0.257

Q2 (0.51, 0.65% of energy) 34,193 1.03 (0.90, 1.19) 1.00 (0.85, 1.18) 1.02 (0.98, 1.06) 1.02 (0.97, 1.07)

Q3 (0.65, 0.84% of energy) 34,298 1.09 (0.95, 1.25) 1.07 (0.91, 1.25) 0.98 (0.94, 1.02) 1.00 (0.96, 1.05)

Q4 (0.84, 5.61% of energy) 34,125 1.08 (0.94, 1.24) 1.03 (0.87, 1.21) 0.95 (0.92, 0.99) 0.98 (0.93, 1.02)

EPA + DHA

Q1 (0, 0.03% of energy) 33,531 1.00 0.004 1.00 0.133 1.00 0.006 1.00 0.010

Q2 (0.03, 0.05% of energy) 35,218 0.90 (0.79, 1.03) 0.91 (0.78, 1.06) 1.01 (0.97, 1.05) 1.04 (0.99, 1.09)

Q3 (0.05, 0.09% of energy) 33,619 0.91 (0.79, 1.04) 0.96 (0.82, 1.13) 1.03 (0.99, 1.07) 1.04 (0.99, 1.09)

Q4 (0.09, 1.6% of energy) 34,480 0.80 (0.70, 0.92) 0.86 (0.72, 1.01) 1.05 (1.01, 1.10) 1.07 (1.02, 1.12)

n26 Fatty acids

Total n26

Q1 (0.61, 4.47% of energy) 34,250 1.00 0.385 1.00 0.382 1.00 ,0.001 1.00 0.009

Q2 (4.47, 5.61% of energy) 34,214 0.94 (0.81, 1.07) 0.90 (0.77, 1.06) 0.98 (0.94, 1.01) 0.98 (0.93, 1.02)

Q3 (5.61, 6.94% of energy) 34,200 1.05 (0.92, 1.20) 0.94 (0.80, 1.10) 0.94 (0.91, 0.98) 0.96 (0.92, 1.01)

Q4 (6.94, 28.33% of energy) 34,184 1.03 (0.90, 1.18) 0.91 (0.77, 1.08) 0.92 (0.89, 0.96) 0.94 (0.89, 0.98)

1 ALA, a-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid. HRs and 95% CIs were obtained from Cox proportional hazard

models. P values are from tests for linear trend.
2 Models were adjusted for age and ethnicity.
3 Models were adjusted for age, ethnicity, education, marital status, family history of fracture, fracture on or after age 55 y, number of falls in past year,

height, weight, total vitamin D intake, hormone therapy history, antianxiety or antidepressant medication use, bisphosphonate use, corticosteroid use, smoking

status, arthritis, depression, general health assessment, parity, treated diabetes, weekly exercise, and total calcium intake.

TABLE 4

Multivariate hazard ratios (HRs) for risk of hip and total fractures based on dietary n26:n231

n26:n23 Quartile

No. of

subjects

Hip fracture Total fracture

HR (95% CI)2 P HR (95% CI)3 P HR (95% CI)2 P HR (95% CI)3 P

1 (0.49, 6.433) 34,199 1.00 0.180 1.00 0.726 1.00 ,0.001 1.00 0.001

2 (6.434, 7.664) 34,225 0.94 (0.82, 1.08) 0.93 (0.79, 1.09) 0.92 (0.88, 0.96) 0.93 (0.89, 0.98)

3 (7.665, 8.898) 34,216 1.09 (0.95, 1.25) 1.04 (0.89, 1.23) 0.91 (0.88, 0.95) 0.92 (0.88, 0.97)

4 (8.900, 39.01)4 34,208 1.05 (0.92, 1.21) 0.93 (0.79, 1.10) 0.92 (0.89, 0.96) 0.92 (0.88, 0.97)

1 HRs and 95% CIs were obtained from Cox proportional hazard models. P values are from tests for linear trend.
2 Models were adjusted for age, ethnicity, and total energy intake.
3 Models were adjusted for age, ethnicity, total energy intake, education, marital status, family history of fracture, fracture on or after age 55 y, number of

falls in past year, height, weight, total vitamin D intake, hormone therapy history, antianxiety or antidepressant medication use, bisphosphonate use,

corticosteroid use, smoking status, arthritis, depression, general health assessment, parity, treated diabetes, weekly exercise, and total calcium intake.
4 The maximum n26:n23 ratio was 39.01, but the 99th percentile was 14.1.
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including 37% more total fat, almost twice as much MUFAs,
and nearly 10 times more n23 FAs as did women in the WHI.
These dramatic differences in fat intake, as well as dietary
patterns with variations in nutrients that may modify bone re-
modeling such as vitamin D, vitamin K, magnesium and po-
tassium, may have contributed to our contrasting results.

Mechanisms by which n23 and n26 FAs may affect fracture
risk are not known, but inflammation may be a contributing
factor. The n26 FAs are precursors of both antiinflammatory
(prostacyclin, lipoxin A4, and epoxyeicosatrienoic acid) and
proinflammatory eicosanoids [prostaglandin E2 (PGE2), throm-
boxane A2, and leukotriene B4]. PGE2 is the predominant
prostaglandin found in bone cells and a potent stimulator of
bone resorption at high concentrations (36, 37). Tumor necrosis
factor-a, a cytokine that may promote bone resorption, is stim-
ulated by PGE2 (12). EPA and DHA supplementation in the
form of fish oil reduce tumor necrosis factor-a by 70–77% and
PGE2 by 28–55%, depending on the LA and ALA content of
the diet (38). PGE2 decreases osteoprotegerin production and
increases receptor activator of nuclear transcription factor jB
ligand (RANKL) expression. This action lowers the osteopro-
tegerin:receptor activator of nuclear transcription factor-jB li-
gand ratio, which is critical in the pathogenesis of resorptive
bone disease (39). It has been suggested that the effect of PGE2

on bone formation may be dose related: stimulatory at low levels
and inhibitory at high levels (36). The optimal intake of n23
and n26 FAs for bone health is unknown; however, on the basis
of results of this study, it is possible that current recom-
mendations for n26 FA intake in the range of 5–10% of total
energy (40) may contribute to a favorable environment for lower
fracture risk.

Women in our study with n26:n23 FA ratios .6.43 had
a modest reduction in total fracture risk. This is in contrast with
previous reports of either no relation of the n26:n23 ratio to
fractures (11, 34) or a beneficial relation of lower n26:n23
ratios to higher BMD (14). International recommendations for
n26:n23 FA ratios, based primarily on cardiovascular benefits,
are between 4 and 7.5 (35). Our data suggest that an n26:n23

FA ratio between 6.43 and 7.66 is also associated with a 7%
reduction in relative risk of total fractures, with a 1% additional
decline in relative risk with higher ratios.

Strengths and limitations

The strengths of this study include the large sample size of
ethnically and geographically diverse postmenopausal women,
high follow-up rates over time, central adjudication of hip
fracture outcomes, details on a large number of clinical risk
factors for fracture, and an FFQ specifically designed to refine
analysis of fat intake and include numerous nutritional covariates
(27).

One limitation of this study was the lack of data on fish-oil or
n23 FA supplements. However, the use of n23 supplements in
the United States during the WHI data collection period was
relatively small, ’7.5% according to the US FDA Health and
Diet Survey of 2002 (41), and we would expect the use of n23
supplements to perhaps be even lower in WHI women during the
1993–1998 baseline enrollment period. The reliability of nutrient
intake data from the FFQ and the use of a single questionnaire
(administered at baseline) were also limiting factors in this re-
search, but the intake of essential fatty acids was shown to cor-
relate well with plasma and erythrocyte concentrations (12, 38,
42), and inaccuracies in self-reported intake should have been
evenly distributed throughout the women in our sample. Finally,
because of the observational nature of this research and the un-
availability of inflammatory markers or serum vitamin D con-
centrations, no causal or mechanistic relations can be determined.

Conclusions

In conclusion, a higher SFA intake was associated with higher
hip fracture risk, whereas higher overall MUFA and PUFA
intakes were associated with slightly lower total fracture risk in
this cohort of postmenopausal women. No association of total
n23 FA or ALA intake to fracture risk, was observed, but
a small increase in risk of total fractures was observed with

TABLE 5

Hazard ratios (HRs) and population attributable risk (PAR) of fatty acid (FA) intake and fracture risk factors1

Fracture type and exposure Prevalence HR (95% CI) PAR2 (95% CI)

Hip fractures

Highest (Q4) SFA intake 0.25 1.235 (1.108, 1.375) 0.055 (0.026, 0.086)

Lowest (Q1) body weight 0.25 1.361 (1.228, 1.508) 0.083 (0.054, 0.113)

Parental history of fracture 0.39 1.197 (1.081, 1.325) 0.073 (0.031, 0.115)

Current smoking 0.0695 1.849 (1.547, 2.209) 0.056 (0.037, 0.077)

Current corticosteroid use 0.0095 2.583 (1.908, 3.497) 0.015 (0.009, 0.023)

Total fractures

Lowest (Q1) MUFA intake 0.25 1.056 (1.024, 1.089) 0.014 (0.006, 0.022)

Lowest (Q1) PUFA intake 0.25 1.045 (1.013, 1.078) 0.011 (0.003, 0.019)

Lowest (Q1) n26 FA intake 0.25 1.055 (1.023, 1.089) 0.014 (0.006, 0.022)

Lowest (Q1) body weight 0.25 0.999 (0.967, 1.031) 0.000 (20.008, 0.008)

Parental history of fracture 0.399 1.220 (1.185, 1.255) 0.081 (0.069, 0.093)

Current smoking 0.0695 1.110 (1.051, 1.173) 0.008 (0.003, 0.012)

Current corticosteroid use 0.0095 1.744 (1.557, 1.953) 0.007 (0.005, 0.009)

1 Q, quartile; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid. HRs

and 95% CIs were obtained from Cox proportional hazard models. All models were adjusted for age and ethnicity.
2 Calculated as follows: prevalence · (HR 2 1)/1 + prevalence · (HR 2 1).
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a greater intake of EPA + DHA. In addition, women who con-

sumed more total n26 FAs had a lower total fracture risk. An

n26:n23 ratio .6.43 offered modest protection against total

fractures in this sample of women with a moderate consumption

of n26 FAs and low intake of marine n23 FAs. These results

support current recommendations of 5–10% of total energy as

n26 FAs. Although a beneficial dose of long-chain FAs cannot

be determined from this analysis, our results suggest that the

type of FA consumed may play a role in a diet that decreases

osteoporotic fracture risk.

We thank the following WHI investigators—Program Office: Jacques

Rossouw, Shari Ludlam, Joan McGowan, Leslie Ford, and Nancy Geller

(National Heart, Lung, and Blood Institute, Bethesda, MD). Clinical Coordi-

nating Center: Ross Prentice, Garnet Anderson, Andrea LaCroix, and Charles

L Kooperberg (Fred Hutchinson Cancer Research Center, Seattle, WA); Evan

Stein (Medical Research Laboratories, Highland Heights, KY); and Steven

Cummings (University of California at San Francisco, San Francisco, CA).

Clinical Centers: Sylvia Wassertheil-Smoller (Albert Einstein College of

Medicine, Bronx, NY); Haleh Sangi-Haghpeykar (Baylor College of Medi-

cine, Houston, TX); JoAnn E Manson (Brigham and Women’s Hospital, Har-

vard Medical School, Boston, MA); Charles B Eaton (Brown University,

Providence, RI); Lawrence S Phillips (Emory University, Atlanta, GA);

Shirley Beresford (Fred HutchinsonCancer Research Center, Seattle,WA); Lisa

Martin (George Washington University Medical Center, Washington, DC);

Rowan Chlebowski (Los Angeles Biomedical Research Institute at Harbor–

UCLA Medical Center, Torrance, CA); Erin LeBlanc (Kaiser Permanente

Center for Health Research, Portland, OR); Bette Caan (Kaiser Permanente Di-

vision of Research, Oakland, CA); Jane Morley Kotchen (Medical College of

Wisconsin, Milwaukee, WI); Barbara V Howard (MedStar Research Institute/

Howard University, Washington, DC); Linda Van Horn (Northwestern Uni-

versity, Chicago/Evanston, IL); Henry Black (Rush Medical Center, Chicago,

IL);Marcia L Stefanick (Stanford Prevention Research Center, Stanford, CA);

Dorothy Lane (State University of New York at Stony Brook, Stony Brook,

NY); Rebecca Jackson (The Ohio State University, Columbus, OH); Cora E

Lewis (University of Alabama at Birmingham, Birmingham, AL); Cynthia A

Thomson (University of Arizona, Tucson/Phoenix, AZ); Jean Wactawski-

Wende (University at Buffalo, Buffalo, NY); John Robbins (University of

California at Davis, Sacramento, CA); F Allan Hubbell (University of Cali-

fornia at Irvine, Irvine, CA); Lauren Nathan (University of California at Los

Angeles, Los Angeles, CA); Robert D Langer (University of California at San

Diego, La Jolla/Chula Vista, CA); Margery Gass (University of Cincinnati,

Cincinnati, OH); Marian Limacher (University of Florida, Gainesville/

Jacksonville, FL); J David Curb (University of Hawaii, Honolulu, HI); Robert

Wallace (University of Iowa, Iowa City/Davenport, IA); Judith Ockene (Uni-

versity of Massachusetts/Fallon Clinic, Worcester, MA); Norman Lasser

(University of Medicine and Dentistry of New Jersey, Newark, NJ); Mary

Jo O’Sullivan (University of Miami, Miami, FL); Karen Margolis (University

of Minnesota, Minneapolis, MN); Robert Brunner (University of Nevada,

Reno, NV); Gerardo Heiss (University of North Carolina, Chapel Hill,

NC); Lewis Kuller (University of Pittsburgh, Pittsburgh, PA); Karen C

Johnson (University of Tennessee Health Science Center, Memphis, TN);

Robert Brzyski (University of Texas Health Science Center, San Antonio,

TX); Gloria E Sarto (University of Wisconsin, Madison, WI); Mara Vitolins

(Wake Forest University School of Medicine, Winston-Salem, NC); and

Michael S Simon (Wayne State University School of Medicine/Hutzel Hos-

pital, Detroit, MI). Women’s Health Initiative Memory Study: Sally Shu-

maker (Wake Forest University School of Medicine, Winston-Salem, NC).

The authors’ responsibilities were as follows—TSO: planned the analysis

and drafted the manuscript; JAC, GCF, MLN, JGR, LS, FT, and JW-W: con-

tributed to the analysis plan and critically reviewed and revised the manu-

script; AMY: analyzed the data and critically reviewed and revised the

manuscript; BL: provided statistical support and critically reviewed the man-

uscript; and RDJ: planned the analysis, provided significant advice, and crit-

ically reviewed and revised themanuscript. None of the authors had a personal

or financial conflict of interest.

REFERENCES
1. Melton LJ III, Chrischilles EA, Cooper C, Lane AW, Riggs BL. How

many women have osteoporosis? JBMR Anniversary Classic. JBMR,
Volume 7, Number 9, 1992. J Bone Miner Res 2005;20:886–92.

2. Bone health and osteoporosis: a report of the Surgeon General. Rock-
ville, MD: US Department of Health and Human Services, Office of the
Surgeon General, 2004.

3. Melton LJ III, Chrischilles EA, Cooper C, Lane AW, Riggs BL. Per-
spective. How many women have osteoporosis? J Bone Miner Res 1992;
7:1005–10.

4. McTiernan A, Wactawski-Wende J, Wu L, et al. Low-fat, increased fruit,
vegetable, and grain dietary pattern, fractures, and bone mineral density:
the Women’s Health Initiative Dietary Modification Trial. Am J Clin
Nutr 2009;89:1864–76.

5. Jackson RD, LaCroix AZ, Gass M, et al. Calcium plus vitamin D
supplementation and the risk of fractures. N Engl J Med 2006;354:
669–83.

6. Caire-Juvera G, Ritenbaugh C, Wactawski-Wende J, Snetselaar LG,
Chen Z. Vitamin A and retinol intakes and the risk of fractures among
participants of the Women’s Health Initiative Observational Study. Am J
Clin Nutr 2009;89:323–30.

7. Sahni S, Hannan M, Gagnon D, et al. Protective effect of total and
supplemental vitamin C intake on the risk of hip fracture—a 17-year
follow-up from the Framingham Osteoporosis Study. Osteoporos Int
2009;20:1853–61.

8. Bonjour J-P. Gu?guen Lo, Palacios C, Shearer MJ, Weaver CM. Min-
erals and vitamins in bone health: the potential value of dietary en-
hancement. Br J Nutr 2009;101:1581–96.

9. Chevalley T, Hoffmeyer P, Bonjour J-P, Rizzoli R. Early serum IGF-I
response to oral protein supplements in elderly women with a recent hip
fracture. Clin Nutr 2010;29:78–83.

10. Corwin RL, Hartman TJ, Maczuga SA, Graubard BI. Dietary saturated
fat intake is inversely associated with bone density in humans: analysis
of NHANES III. J Nutr 2006;136:159–65.

11. Martinez-Ramirez MJ, Palma S, Martinez-Gonzalez MA, Delgado-
Martinez AD, de la Fuente C, Delgado-Rodriguez M. Dietary fat intake
and the risk of osteoporotic fractures in the elderly. Eur J Clin Nutr
2007;61:1114–20.

12. Griel AE, Kris-Etherton PM, Hilpert KF, Zhao G, West SG, Corwin RL.
An increase in dietary n23 fatty acids decreases a marker of bone re-
sorption in humans. Nutr J 2007;6:2.

13. Hogstrom M, Nordstrom P, Nordstrom A. n23 Fatty acids are positively
associated with peak bone mineral density and bone accrual in healthy
men: the NO2 Study. Am J Clin Nutr 2007;85:803–7.

14. Weiss LA, Barrett-Connor E, von Muhlen D. Ratio of n26 to n23 fatty
acids and bone mineral density in older adults: the Rancho Bernardo
Study. Am J Clin Nutr 2005;81:934–8.

15. Kruger MC, Coetzer H, de Winter R, Gericke G, van Papendorp DH.
Calcium, gamma-linolenic acid and eicosapentaenoic acid supplemen-
tation in senile osteoporosis. Aging (Milano) 1998;10:385–94.

16. Sun L, Tamaki H, Ishimaru T, et al. Inhibition of osteoporosis due to
restricted food intake by the fish oils DHA and EPA and perilla oil in the
rat. Biosci Biotechnol Biochem 2004;68:2613–5.

17. Watkins BA, Reinwald S, Li Y, Seifert MF. Protective actions of soy
isoflavones and n23 PUFAs on bone mass in ovariectomized rats. J Nutr
Biochem 2005;16:479–88.

18. Watkins BA, Li Y, Seifert MF. Dietary ratio of n26/n23 PUFAs and
docosahexaenoic acid: actions on bone mineral and serum biomarkers in
ovariectomized rats. J Nutr Biochem 2006;17:282–9.

19. Watkins BA, Li Y, Lippman HE, Feng S. Modulatory effect of omega-3
polyunsaturated fatty acids on osteoblast function and bone metabolism.
Prostaglandins Leukot Essent Fatty Acids 2003;68:387–98.

20. Shen CL, Yeh JK, Rasty J, Li Y, Watkins BA. Protective effect of dietary
long-chain n23 polyunsaturated fatty acids on bone loss in gonad-intact
middle-aged male rats. Br J Nutr 2006;95:462–8.

21. Matsushita H, Barrios JA, Shea JE, Miller SC. Dietary fish oil results in
a greater bone mass and bone formation indices in aged ovariectomized
rats. J Bone Miner Metab 2008;26:241–7.

22. Coetzee M, Haag M, Kruger MC. Effects of arachidonic acid, docosa-
hexaenoic acid, prostaglandin E(2) and parathyroid hormone on osteo-
protegerin and RANKL secretion by MC3T3-E1 osteoblast-like cells.
J Nutr Biochem 2007;18:54–63.

DIETARY FATTY ACIDS AND FRACTURE IN WOMEN 1459



23. Rahman MM, Bhattacharya A, Fernandes G. Docosahexaenoic acid is
more potent inhibitor of osteoclast differentiation in RAW 264.7 cells
than eicosapentaenoic acid. J Cell Physiol 2008;214:201–9.

24. Pischon T, Hankinson SE, Hotamisligil GS, Rifai N, Willett WC, Rimm
EB. Habitual dietary intake of n23 and n26 fatty acids in relation to
inflammatory markers among US men and women. Circulation 2003;
108:155–60.

25. Trebble TM, Wootton SA, Miles EA, et al. Prostaglandin E2 production
and T cell function after fish-oil supplementation: response to antioxi-
dant cosupplementation. Am J Clin Nutr 2003;78:376–82.

26. Group TWsHIS. Design of the Women’s Health Initiative clinical trial
and observational study. The Women’s Health Initiative Study Group.
Control Clin Trials 1998;19:61–109.

27. Patterson RE, Kristal AR, Tinker LF, Carter RA, Bolton MP, Agurs-
Collins T. Measurement characteristics of the Women’s Health Initiative
food frequency questionnaire. Ann Epidemiol 1999;9:178–87.

28. Schakel SF, Sievert YA, Buzzard IM. Sources of data for developing and
maintaining a nutrient database. J Am Diet Assoc 1988;88:1268–71.

29. Curb JD, McTiernan A, Heckbert SR, et al. Outcomes ascertainment and
adjudication methods in the Women’s Health Initiative. Ann Epidemiol
2003;13:S122–8.

30. Chen Z, Kooperberg C, Pettinger MB, et al. Validity of self-report for
fractures among a multiethnic cohort of postmenopausal women: results
from the Women’s Health Initiative observational study and clinical
trials. Menopause 2004;11:264–74.

31. Cauley JA, Wu L, Wampler NS, et al. Clinical Risk Factors for Fractures
in Multi-Ethnic Women: The Women s Health Initiative. J Bone Miner
Res 2007;22:1816–26.

32. Robbins J, Aragaki AK, Kooperberg C, et al. Factors associated with
5-year risk of hip fracture in postmenopausal women. JAMA 2007;298:
2389–98.

33. Johnell O, Kanis JA, Oden A, et al. Predictive value of BMD for hip and

other fractures. J Bone Miner Res 2005;20:1185–94.
34. Virtanen JK, Mozaffarian D, Cauley JA, Mukamal KJ, Robbins J,

Siscovick DS. Fish consumption, bone mineral density, and risk of hip

fracture among older adults: the cardiovascular health study. J Bone

Miner Res 2010;25:1972–9.
35. Gebauer SK, Psota TL, Harris WS, Kris-Etherton PM. n23 fatty acid

dietary recommendations and food sources to achieve essentiality and

cardiovascular benefits. Am J Clin Nutr 2006;83:1526S–35S.
36. Watkins BA, Lippman HE, Le Bouteiller L, Li Y, Seifert MF. Bioactive

fatty acids: role in bone biology and bone cell function. Prog Lipid Res

2001;40:125–48.
37. Albertazzi P, Coupland K. Polyunsaturated fatty acids. Is there a role in

postmenopausal osteoporosis prevention? Maturitas 2002;42:13–22.
38. Caughey GE, Mantzioris E, Gibson RA, Cleland LG, James MJ. The

effect on human tumor necrosis factor alpha and interleukin 1 beta

production of diets enriched in n23 fatty acids from vegetable oil or fish

oil. Am J Clin Nutr 1996;63:116–22.
39. Hofbauer LC, Schoppet M. Clinical implications of the osteoprotegerin/

rankl/rank system for bone and vascular diseases. JAMA 2004;292:

490–5.
40. US Department of Health and Human Services. Dietary guidelines for

Americans. Washington, DC: US Government Printing Office, 2005.
41. Timbo BB, Ross MP, McCarthy PV, Lin CT. Dietary supplements in

a national survey: prevalence of use and reports of adverse events. J Am

Diet Assoc 2006;106:1966–74.
42. Sun Q, Ma J, Campos H, Hankinson SE, Hu FB. Comparison between

plasma and erythrocyte fatty acid content as biomarkers of fatty acid

intake in US women. Am J Clin Nutr 2007;86:74–81.

1460 ORCHARD ET AL


