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A secondary analysis of cross-sectional data was analyzed from 6 cohorts (Fall 1995–Fall 1997) of postmenopausal women (𝑛 = 266;
56.6 ± 4.7 years) participating in the Bone Estrogen Strength Training (BEST) study (a 12-month, block-randomized, clinical trial).
Bone mineral density (BMD) was measured at femur neck and trochanter, lumbar spine (L2–L4), and total body BMD using dual-
energy X-ray absorptiometry (DXA). Mean dietary polyunsaturated fatty acids (PUFAs) intakes were assessed using 8 days of diet
records. Multiple linear regression was used to examine associations between dietary PUFAs and BMD. Covariates included in
the models were total energy intake, body weight at year 1, years after menopause, exercise, use of hormone therapy (HT), total
calcium, and total iron intakes. In the total sample, lumbar spine and total body BMD had significant negative associations with
dietary PUFA intake at 𝑃 < 0.05. In the non-HT group, no significant associations between dietary PUFA intake and BMD were
seen. In the HT group, significant inverse associations with dietary PUFA intake were seen in the spine, total body, and Ward’s
triangle BMD, suggesting that HT may influence PUFA associations with BMD. This study is registered with clinicaltrials.gov,
identifier: NCT00000399.

1. Introduction

Experts predict that osteoporosis-related fractures can
increase health care costs approximately $25.3 billion by
2025 [1]. Diet is a key lifestyle factor that can modify risk and
facilitate the prevention of osteoporosis [2]. The amount and
type of fat consumed have been linked to bone loss [3, 4].
Of the different types of fats, polyunsaturated fatty acids
(PUFAs) are receiving recognition for having varying roles
in the prevention and treatment of osteoporosis [2–7].

Among the PUFAs, omega-3 fatty acid (n-3 FA) and
omega-6 FA (n-6 FA) are the primary precursors of the
eicosanoids (the signalingmolecules), whichmodulate intra-
cellular signal transduction and cell-to-cell interactions [2].
It has been suggested that the eicosanoids, derived from n-6

FA, promote cell proliferation and inflammation which can
affect bone resorption negatively; eicosanoids from n-3 FA
promote anti-inflammatory action and thereby inhibit bone
resorption [8, 9].

During perimenopause, bone density starts to drastically
decrease with the decreasing amounts of estrogen. However,
HT can slow the decrease in bone density and may even be
used as a treatment for postmenopausal osteoporosis. Two
studies that examined the relationship between PUFA, bone
and HT, found that the relationship between PUFA and bone
may bemodified dependent on hormone therapy use, though
the findings have not been consistent [10, 11].

To date, in vitro and animal studies support n-3 FA to
have beneficial effects on bone. Human studies are limited
in number and have resulted in conflicting evidence [7].
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Limitations included study design and nonhomogenous
populations. The purpose of this analysis was to determine
whether the dietary PUFA intakes and the ratios of specific
PUFAs have associationswith femur neck, trochanter, lumbar
spine,Ward’s triangle, and total body BMD in a sample of 266
postmenopausal women. Second, the relationships between
BMD and dietary PUFA intakes and their ratios categorized
by HT use were investigated.

2. Methods

2.1. Design. This is a secondary analysis of cross-sectional
data that was collected during the first year of the Bone Estro-
gen Strength Training (BEST) study, a blocked-randomized,
clinical trial. The BEST study investigated the effect of exer-
cise on BMD in postmenopausal women [12]. Participants
were categorized by use of HT and then randomized to
exercise or control conditions. Participants were instructed to
consume 800mg of calcium supplements daily (provided by
the study) during the trial to minimize variability in calcium
intake. The University of Arizona Internal Review Board
approved the study and the subjects provided written and
informed consent.

2.2. Subject Entry Criteria. The BEST study enrolled 6
cohorts of women (Fall 1995–Fall 1997) who met the fol-
lowing inclusion criteria: 40–65 years of age; surgical or
natural menopause (3.0–10.9 years); body mass index (BMI)
>19.0 kg/m2 and <32.9 kg/m2; nonsmoker; no history of oste-
oporotic fracture and an initial BMD greater than 𝑍-score of
–3.0 at all bone sites of interest; taking HT (1.0–5.9 years)
or not taking HT (>1 year); weight gain or loss ≤13.6 kg
in the previous year; cancer and cancer treatment-free ≥5
years (excluding skin cancer); not taking BMD-alteringmed-
ications, beta-blockers, or steroids; dietary calcium intake
>300mg/day; performing <120 minutes of low intensity, low
impact exercise per week and no weightlifting or similar
physical activity. Participants agreed to accept randomization
to exercise or no-exercise groups, continue their baseline level
of physical activity (if not randomized to exercise), continue
their usual dietary practices, maintain their HT status, and
take 800mg of calcium supplements each day of the trial
[12, 13].

Three hundred twenty-one women were enrolled in the
primary study. The current analyses with one-year data
excluded 55 participants: women who had <5 days of diet
records (DR) or did not have valid year-one dual-energy X-
ray absorptiometry (DXA) measurements. The final sample
for analysis included 266 women.

2.3. Anthropometry. Trained anthropometrists took three
measurements of each variable at each assessment (baseline,
6 months, and 12 months), which were averaged to obtain the
criterion measures. Twelve-month means were used in these
analyses. Subjects wore lightweight clothing without shoes
for measurements of height and weight. Standing height was
measured to the nearest 0.1 cm during a maximal inhalation
using a Schorr measuring board (Schorr Products, Olney,

MD). Weight was measured on a calibrated digital scale
(SECA, model 770, Hamburg, Germany) accurate to 0.1 kg.
Body mass index (BMI) in kilograms per meter squared was
calculated from weight (kg) and height (m).

2.4. Dual-Energy X-Ray Absorptiometry. The DXA was used
tomeasure femur neck and trochanter, lumbar spine (L2–L4),
and total body BMD (Lunar, Model DPX-L; software version
1.3y, extended research analysis, pencil beam densitometer,
Lunar Radiation Corp, Madison, Wisc., USA). Standardized
data acquisition and analysis techniques were used [12]. Each
subject was scanned twice at eachmeasurement period (base-
line, 6 months, and 12 months) and the mean of the twomea-
surements taken at 12 months was used in this analysis. Soft
tissue composition was also derived from DXA whole body
scans.

2.5. Diet Assessment. Dietary intake was assessed from eight
randomly assigned days of diet records (DR) collected at
baseline (3 days), 6 months (2 days), and 12 months (3 days).
Diet data was averaged over a year to provide a more stable
and representative average of dietary intake; hence a 12-
month BMD estimate rather than baseline was utilized. Par-
ticipants completed an intensive 1.5 h of DR training prior to
each recording period. Training consisted of participatory
portion size and dimension estimation, directions on record-
ing food descriptions, and evaluation of portion size estima-
tion accuracy [14]. Participants did not receive dietary advice
and were instructed to refrain from changing their diets
during the study. Each 2- to 3-week recording period included
one weekend day and 1-2 nonconsecutive, randomweekdays.
Seasonal eating, consecutive day food leftovers, and weekend
eating were taken into account by assessing intake at three
time points, at which one day per week was recorded over a
2- to 3-week period throughout the year.

Completeness and accuracy of the DR were fostered by
personal interviews given by trained technicians. Recipes,
labels, and restaurant information were collected to enhance
food item entry. The DR were analyzed for estimated mean
nutrient intakes using the Minnesota Nutrient Data System
(NDS) 93 (versions 2.8–2.92, 1995–1999, Nutrition Coordi-
nating Center, Minneapolis, MN). Foods not in the database
were substituted with a similar food item that was within 90%
agreement for energy, carbohydrate, protein, fat, and sodium
of the original food. Amaster control process for each cohort,
by test period, tracked each DR through the data entry pro-
cess. This process included initial entry of the data, checking
the NDS analysis with the original DR, correcting any errors
to the data, checking the corrections, final corrections, and
filing of completed records [15].

Every two months, participants received blister packs
of calcium citrate tablets (Citracal, Mission Pharmacal, San
Antonio, TX). Instructions on calcium supplement intake
were given at each of the DR training sessions. The subjects
were instructed to take 2 tablets (200mg elemental cal-
cium/tablet), twice a day (800mg/day), without food, with a
minimum of 4 hours between doses. Calcium supplement
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compliance was monitored through tablet counts. Partici-
pants were considered compliant if they consumed at least
80% of their calcium tablets. Efficacy of adequate calcium
intake fromdiet and supplementation to improve bone health
has been previously reported for this population [16–18].
Calcium supplementation was evaluated in this investigation
as a potential confounder of the primary analysis regarding
dietary PUFA intake associations with BMD.

Iron and calcium intakes have been shown to have a
relationship with BMD in this sample [17, 18]. Because of
these previous associations, calcium from diet only, total cal-
cium, iron from diet only, and total iron were included in the
analysis. Total calcium intake was calculated as the sum of the
mean calcium intake obtained from the diet only and
the mean intake from the calcium supplements calculated
through tablet count compliance. Total iron intake was
calculated as the sum of the mean iron intake obtained from
the diet only and themean of any supplemental iron recorded
in the DR. Total calcium and total iron are the only variables
that include supplemental intake in this analysis.

2.6. Statistical Methods. All data analyses were performed
using the Statistical Package for the Social Sciences (SPSS,
version 21). Mean nutrient intake values were calculated from
estimates of dietary intake only except for total calcium and
total iron (which included dietary and supplemental intakes).
The independent variables included dietary: total fat, total
PUFA, all n-6 FA, linoleic acid (LA), arachidonic acid, all
n-3 FA, EPA + DHA, 𝛼-linolenic acid (ALA), the ratios n-6
FA : n-3 FA, and LA : ALA. The women in this sample were
not supplemented with omega-3. The dependent variables
included BMD from femur neck, Ward’s triangle, trochanter,
lumbar spine (L2–L4), and total body BMD.

Descriptive characteristics for body composition and
mean nutrient intakes from DR were calculated. Student’s 𝑡-
tests at one year were used to detect statistically significant
differences in mean nutrient intakes between the subjects
who used HT and those who did not use HT. Nutrient
intake distributions were examined and transformed (log and
square root), when appropriate, to meet the assumptions of
normality of the statistical tests. Pearson’s correlations were
computed between all nutrients and covariates at one year.
Separate multiple linear regressions were used to examine
the dietary PUFA associations with BMD.Themultiple linear
regression model used with the total sample included three a
priori coded contrasts that were included as covariates: con-
trast 1 = exercise versus no exercise within HT; contrast 2 =
exercise versus no exercisewithin no-HTgroups;HT contrast
3 = HT versus no HT. Other covariates used in multiple
regression included year 1 weight, years after menopause,
total energy intake, calcium, and iron. The sample was also
stratified by HT use since this block design was selected from
two different samples of women based on previous HT use.
Covariates for this analysis included energy intake, exercise,
year 1 weight, years after menopause, total calcium, and total
iron. The relationship between PUFA and bone was further
characterized by creating tertiles for omega-6 and omega-3
nutrients, plotted against total body BMD,while adjusting for
covariates using the general linear model. Significance was

evaluated at the 𝑃 < 0.05 level. With 𝑛 = 266, power is ≥0.99
for all adjusted 𝑅2.

3. Results

Table 1 summarizes twelve-month subject characteristics for
266 postmenopausal women as a whole group then by HT
status. Women not using HT were older, had been meno-
pausal longer, and had significantly lower BMD at all bone
sites compared to women on HT. Based on BMI, participants
on average were slightly overweight (25.7 ± 3.9). Although
mean values were reported for one year, women had not lost
or gained weight over the course of the year since the start of
the study.

The one-year significant nutrient intake associations with
BMD using multiple linear regression analyses are summa-
rized in Table 2. Iron intake and HT use were significant con-
founding factors and strong predictors of BMD at each site in
multiple regression models. Significant negative associations
between PUFA intake of total fat, total PUFA, omega-6, LA,
omega-3, LA, and ALA and BMD were found for the lumbar
spine and total body. These PUFAs were not associated with
BMD at the femoral neck, Ward’s triangle, or trochanter.
Other PUFAs (arachidonic acid, EPA + DHA, n-6 : n-3, and
LA : ALA) showed no association with bone at any site (data
not shown), except for arachidonic acid, which showed a
small positive association with trochanter only (adjusted 𝛽 =
0.134, 𝑃 = 0.03).

This study further determined that the relationship
between mean PUFA intakes and BMD would vary with HT
use. In the no-HT group, a significant, positive association
between arachidonic acid and trochanter BMD was found
(𝛽 = 0.181, 𝑃 = 0.04). No other significant associations were
found between PUFAs and bone at any site in the non-HT
group. Table 3 summarizes the significant findings between
the PUFAs and bone that were significant (by HT). In the HT
group, significant inverse associationswere seenwith total fat,
total PUFA, n-6 FA, LA, n-3 FA, and ALA at the lumbar spine
BMD,Ward’s triangle, and total body (n-3 FA andALA only).
Femur neck was not associated with any PUFA.

To illustrate the relationship between PUFA and bone,
tertiles of n-6 and n-3 FA were plotted by HT against total
body BMD (adjusting for exercise, weight, years after meno-
pause, total energy, calcium, and iron intake) are presented
(Figures 1 and 2). Women who used HT had greater bone
density than womenwho did not use HT, even after adjusting
for covariates. However, increasing intake of both n-6 FA
and n-3 FA showed a progressive and significant (𝑃 ≤ 0.05)
downward trend for total body BMD.

4. Discussion

This cross-sectional analysis showed that PUFA intakes and
their ratios assessed by repeat DR over a 12-month period
were significantly associated with BMD at the lumbar spine,
total body, and Ward’s triangle in postmenopausal women
though the associations differed by PUFA and HT. No
association with dietary PUFA and femur neck BMD was
observed in any of these analyses. The ratios of the PUFAs
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Table 1: One-year characteristics of 266 postmenopausal women using or not using hormone therapy (HT).

Characteristics All women (𝑛 = 266) HT status
HT (𝑛 = 136) No HT (𝑛 = 130)

Age (years) 56.7 ± 4.7 55.9 ± 4.4 57.5 ± 5.0a

Height (cm) 163.2 ± 6.5 163.3 ± 7.0 163.0 ± 6.1
Weight (kg) 68.4 ± 11.8 68.2 ± 11.8 68.6 ± 11.7
BMI (kg/m2) 25.6 ± 3.9 25.5 ± 4.2 25.7 ± 3.7
Years HT 1.4 ± 1.6 2.8 ± 1.1 0.00c

Years postmenopausal 5.7 ± 3.0 4.9 ± 2.5 6.5 ± 3.1c

Nutrient variables
Energy (kcals) 1704 ± 361 1734 ± 372 1672 ± 349
Total fat (g) 58 ± 21 60 ± 21 56 ± 20
Calcium from diet (mg) 769 ± 258 785 ± 258 753 ± 258
Total calcium (mg) 1524 ± 296 1552 ± 288 1497 ± 302
Iron from diet (mg) 15 ± 5 14 ± 4 15 ± 5
Total iron (mg) 17 ± 9 18 ± 11 16 ± 7

PUFA (g)
Total PUFA 11.7 ± 4.4 12.11 ± 4.58 11.26 ± 4.25
Total n-6 fatty acid (n-6) 10.4 ± 4.0 10.75 ± 4.12 9.96 ± 3.82
Linoleic acid, n-6 (LA) 10.2 ± 4.0 10.60 ± 4.13 9.78 ± 3.84
Arachidonic acid, n-6 (AA) 0.10 ± 0.1 0.10 ± 0.05 0.11 ± 0.06
Total n-3 fatty acids (n-3) 1.30 ± 0.5 1.29 ± 0.55 1.23 ± 0.50
𝛼-Linolenic acid, n-3, (ALA) 1.10 ± 0.5 1.17 ± 0.53 1.11 ± 0.48
EPA 0.05 ± 0.07 0.04 ± 0.06 0.05 ± 0.08
DHA 0.11 ± 0.15 0.10 ± 0.12 0.12 ± 0.17
EPA + DHA 0.16 ± 0.21 0.14 ± 0.17 0.18 ± 0.25
n-6 : n-3 8.45 ± 1.87 8.62 ± 1.98 8.27 ± 1.74
LA : ALA 9.30 ± 2.20 9.47 ± 2.28 9.15 ± 2.04

Bone mineral density (g/cm2)
Femur neck 0.878 ± 0.122 0.896 ± 0.123 0.858 ± 0.118b

Ward’s triangle 0.760 ± 0.142 0.778 ± 0.137 0.742 ± 0.146a

Femur trochanter 0.751 ± 0.113 0.767 ± 0.113 0.733 ± 0.112a

Lumbar spine L2–L4 1.133 ± 0.160 1.164 ± 0.143 1.101 ± 0.171c

Total body 1.112 ± 0.084 1.129 ± 0.078 1.095 ± 0.086c

PUFA: polyunsaturated fatty acid; ALA: 𝛼-linolenic acid (18 : 3 n-3); total n-3: total omega-3; LA: linoleic acid (18 : 2 n-6); AA: arachidonic acid (20 : 4 n-6);
total n-6: total omega-6; EPA: eicosapentaenoic acid (20 : 5 n-3); and DHA: docosahexaenoic acid (22 : 6 n-3).
a
𝑃 ≤ 0.05, b𝑃 ≤ 0.01, and c

𝑃 ≤ 0.001, between HT and no HT, independent sample 𝑡-test.

Table 2: Significant one-year nutrient associations with bone mineral density using multiple regression analysis in 266 postmenopausal
women.

Total body BMD g/cm2 Spine (L2–L4) BMD g/cm2

Std 𝛽 𝑃 value Std 𝛽 𝑃 value
Total fat −0.221 0.055 −0.256 0.032
Total PUFA −0.157 0.050 −0.192 0.021
Total n-6 FA −0.158 0.070 −0.187 0.039
Linoleic acid −0.157 0.072 −0.189 0.037
Total n-3 FA −0.200 0.008 −0.168 0.032
𝛼-Linolenic acid −0.226 0.002 −0.185 0.017
Covariates used in multiple regression: weight at year 1, years after menopause, HT status, exercise status within HT, total energy intake, calcium, and iron.
Note: arachidonic acid was significant at the trochanter only, standardized 𝛽 = 0.134, 𝑃 value = 0.03.
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Table 3: One-year nutrient associations with bonemineral density by hormone therapy usingmultiple regression analysis in postmenopausal
women taking hormone therapy.

HT+ (𝑛 = 136)
Total body Spine (L2–L4) Ward’s triangle

Std 𝛽 𝑃 val Std 𝛽 𝑃 val Std 𝛽 𝑃 val
Total fat −0.464 0.006 −0.460 0.007 −0.341 0.040
Total PUFA −0.241 0.040 −0.255 0.039 −0.274 0.011
Total n-6 FA −0.231 0.060 −0.287 0.018 −0.285 0.017
Linoleic acid −0.232 0.060 −0.260 0.017 −0.282 0.019
Total n-3 FA −0.302 0.005 −0.260 0.017 −0.258 0.016
𝛼-Linolenic acid −0.241 0.040 −0.460 0.007 −0.341 0.040
Note: women not taking HT had no significant associations with bone sites.
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Figure 1: Associations of n-6 with total body BMD (g/cm2).
Covariates included energy intake, calcium intake, iron intake, years
after menopause, and exercise.

also showed no associationwith BMD. It was determined that
the relationships between some dietary PUFA intakes were
seen in the HT group but not in the non-HT group (with the
exception of arachidonic acid which was positively associated
with bone at the trochanter). This study sample was unique
in the analysis because of the stratifications of the results by
HT use. In 2002, the Women’s Health Initiative trial reported
increased risk of coronary events and breast cancer in women
on HT [19]. However, the BEST study was conducted before
these results were released, providing an opportunity to study
bone-nutrient interactions with hormone therapy.

Several studies have examined habitual dietary intake of
total PUFA and the relationshipwith BMD inwomen, though
results have been conflicting [10, 11, 20, 21]. In a study in 891
women (50–59 y), not grouped by HT use, Macdonald et al.
[20] reported that greater total PUFA intake, assessed by food
frequency questionnaire (FFQ), was associated with greater
BMD loss at the femur neck particularly among women
with lower calcium intakes. No significant associations were
observed in relation to spine BMD. In comparison, the
current analysis did not find any significant associations with

No HT
HT

1.04

1.06

1.08

1.1

1.12

1.14

1.16

1.18

1.2

1.22

<0.989 1.400+0.990–1.399
Tertiles of n-3 intake (g)

Es
tim

at
ed

 m
ar

gi
na

l m
ea

ns
 o

f t
ot

al
bo

dy
 B

M
D

 (g
/c

m
−
2
)

Figure 2: Associations of n-3 with total body BMD (g/cm2).
Covariates included energy intake, calcium intake, iron intake, years
after menopause, and exercise.

PUFA intake and femur neck BMD. However, the current
analysis did demonstrate significant inverse associations
between dietary PUFA intake with spine and total body
BMD. In addition, whileMacdonald et al. [20] only examined
total PUFA, this analysis also showed similar negative trends
across other specific PUFAs (n-6 FA and n-3 FA, ALA, LA,
total PUFA and total fat). The Rancho Bernardo study (𝑛 =
890 postmenopausal women) found that a higher ratio of n-
6 FA : n-3 FA (7.9 ± 2.2 g or ∼10 : 1), assessed by FFQ, was
negatively associated with BMD at the hip and at the spine in
women using HT and not using HT (though the results were
not significant in women taking HT on spine) [10]. In con-
trast, the current analysis did not show the ratio of n-6 FA : n-
3 FA (8.16 ± 2.2 g or ∼10 : 1) to be significantly associated
with BMD at any bone site nor by HT status though we did
consistently show negative associations with other PUFAs
and bone sites. The OSTPRE Fracture Prevention Study (𝑛 =
544) [11] also showed HT to modify the effect of PUFA with
bone but in opposition to this study’s findings: women not
taking HT had positive relationships with PUFAs and spine
BMD but not femoral neck but women taking HT showed



6 Journal of Osteoporosis

no relationships with PUFAs. These women were younger
than those in this study, suggesting age can also modify the
relationship with bone even within an older age group.

Although the negative associations between n-6 FA, LA,
and bone were expected due to their inflammatory nature,
this study did not expect negative associations with n-3 FA,
ALA, and bone. Animal studies have suggested a beneficial
effect of n-3 FAs on bone health [6], but human studies have
not been as consistent. Since dietary intake sources of n-3 FAs
tend to be low in this study and in general populations, it is
possible that a much higher intake of n-3 FAs is necessary to
see the positive effects on bone.

One way to observe this is through supplementation.
There have been only a few dietary intervention studies in
postmenopausal women investigating the role of supplemen-
tal intake of PUFA in osteoporosis and these studies have also
yielded equivocal results, although the forms of supplemen-
tation varied ranging from PUFA [22], DHA, and EPA [23]
and evening primrose oil [24–26]. The results from these
studies are difficult to compare due to variations in sample
size, age of participants, dose of PUFA, type of PUFA, length
of interventions, and methods of assessing the independent
nutrient intake variables, as well as the diet and baseline bone
health of the sample population.These factors likely influence
the variability of the results of these studies.This current anal-
ysis was not a dietary intervention and only presented results
cross sectionally and therefore could not establish causality.
It does, however, add to the limited body of research investi-
gating the roles of dietary PUFAs and bone health, including
modification by HT.

The optimal ratio of n-6 FA : n-3 FA for bone health is
unknown. Simopoulos has suggested that within the last 100
years Western’s society has changed the dietary n-6 FA : n-3
FA intake ratio from 1 : 1 to 15 : 1 postulating that the current
Western diet is “proinflammatory” and may lack the optimal
quantity of n-3 FA to promote bone health [27]. These anal-
yses showed a 10 : 1 ratio of n-6 FA : n-3 FA, thus indicating
this sample of postmenopausal women’s overall dietary intake
of PUFA may not be optimal to promote bone health. A low
intake ratio of n-6 to n-3 fatty acids appears to decrease
the risk of osteoporosis and slow the rapid rate of post-
menopausal bone loss [4, 8]. It is also possible that consump-
tion of PUFAs from various sources (marine versus plant)
may absorb differently and contribute to conflicting results.
The Dietary Reference Intake of n-3 FA for women 14 years
and older is 1.1 grams/day, while the Acceptable Macronu-
trient Distribution Range (AMDR) is 0.6% to 1.2% of total
energy [28]. In this study of postmenopausal women, n-3 FAs
were slightly higher than the recommendation for women
(1.30 ± 0.5 grams) but the women were also predominantly
“meat eaters” suggesting a diet more prone towards inflam-
mation.

This study is intriguing and supports the notion that
PUFA impact on bone ismodified byHT. Although the spine,
Ward’s triangle, and total body had negative associations with
PUFA in both HT and non-HT using women, the relation-
ships were statistically significant only in the HT women.
Although the error was similar, the slopes of the regression
lines were steeper in the HT group suggesting a stronger

relationship. One possible explanation is the modifying
impact of exercise. In this study the average bone mineral
density was higher in womenwho exercised versus those who
did not exercise, particularly in those who exercised and used
HT, though, in statistical analyses, exercise was not a signif-
icant confounder in the PUFA, bone, and HT relationship.
Another explanation is the complication of overall diet. Some
studies have suggested that fatty acids can interact with sex
hormones, affecting nutrient absorption and fatty acid status,
as can the type of HT (estrogen versus estrogen and proges-
terone) [29–31]. How various types of HT impacted bone was
not evaluated. Vitamin D status or intake which is known
to be a significant nutrient in its ability to influence the
absorption of other bone building nutrients [32] was also not
evaluated.

This study was limited by the lack of biological markers of
bone turnover for comparison with other studies to under-
stand this relationship fully. The nutrient database used in
the analysis is the most comprehensive database for dietary
fatty acids but did contain incomplete or missing nutrient
values for some foods. Dietary assessment methods have
their limitations even with frequent updates of food nutrient
compositions; however, both report and systemic biases
introduced are expected to be equivalent across groups. Fur-
ther, biologically it is unclearwhy these analyses foundn-6 FA
and in particular n-3 FA would have an inverse relationship
with spine and total body BMD and why AA acid would
have a positive association with femur trochanter BMD. One
possible explanation may be that sixteen to twenty percent of
the values of these nutrients, LA, ALA, n-6 FA, or n-3 FA,
are estimated values in NDS nutrient database. In addition,
the PUFA intake was solely from diet during a time when
populations were not yet supplementing with PUFA’s, par-
ticularly omega-3s. It is possible that the beneficial effects
of omega-3 that some research has found require much
higher (i.e., supplemented) doses than what this population
consumed from solely dietary sources. Another explanation
may be that the PUFAs only offer mild effects on bone
metabolism [33], and it is still not understoodwhether PUFAs
have varying effects on different bone sites. Also, the overall
diet tended to be inflammatory in naturewith an excess of n-6
compared to n-3. As Kajarabille et al. suggested, particular
focus should be placed on determining effects from sup-
plements from marine animals (i.e., fish oils, krill oils, and
cod liver oils) compared to plant-based sources (flaxseed oil,
flaxseeds, chia seeds, and primrose oil) as these are very
popular today for both heart disease prevention and cognitive
function [33].

This study’s strength was the extensive 8 days of DR
collected and analyzed with a nutrient database that included
extensive fatty acid analyses of foods. This study examined
five bone sites compared to many studies which were more
limited in the number of bone sites examined. Although there
have been larger studies associating PUFA’s with BMD, they
have used the FFQ to assess nutrient intake, which is not
as sensitive as the DR [34]. Research is emerging showing
that different nutrients have associations at different BMD
sites [17, 18, 35]. Future research needs more controlled,
randomized, and blinded dietary and supplemental trials
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to augment these findings. The focus should be on which
PUFAs, the amount of PUFAs and to establish the effect of
PUFAs on specific bone sites. Out study suggests that HT
and dietary PUFA intake are modulators of BMD.Withmore
conclusive dietary studies, especially those that investigate
cause and effect, dietary recommendations can aid in the
prevention and treatment of osteoporosis.

5. Conclusion

This cross-sectional study among 266 postmenopausal
women found dietary intakes of PUFA, n-6 FA, LA, n-3 FA,
and ALA had significant inverse associations with lumbar
spine and total body BMD. Arachidonic acid had the only
positive association, whichwas at the trochanter BMD.When
stratified by HT use, PUFA associations with BMD remained
significant in the HT group but were lost in the no-HT group.
In the HT group, n-3 FA, ALA had an inverse relationship
with spine and total body BMD and LA : ALA had a positive
relationship with total body BMD. These results suggest that
PUFA’s effects on bone are modulated by hormone therapy.
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of dietary polyunsaturated fatty acids with bonemineral density
in elderly women,” European Journal of Clinical Nutrition, vol.
66, no. 4, pp. 496–503, 2012.

[12] S. Going, T. Lohman, L. Houtkooper et al., “Effects of exercise
on bone mineral density in calcium-replete postmenopausal
womenwith andwithout hormone replacement therapy,”Osteo-
porosis International, vol. 14, no. 8, pp. 637–643, 2003.

[13] L. Metcalfe, T. Lohman, S. Going et al., “Postmenopausal
women and exercise for prevention of osteoporosis: the Bone,
Estrogen, and Strength Training (BEST) Study,” ACSM’s Health
and Fitness Journal, vol. 5, no. 3, pp. 6–14, 2001.

[14] J. L. Weber, A. M. Tinsley, L. B. Houtkooper, and T. G. Lohman,
“Multimethod training increases portion-size estimation accu-
racy,” Journal of the American Dietetic Association, vol. 97, no. 2,
pp. 176–179, 1997.

[15] V. A. Farrell, M. Harris, T. G. Lohman et al., “Comparison
between dietary assessment methods for determining asso-
ciations between nutrient intakes and bone mineral density
in postmenopausal women,” Journal of the American Dietetic
Association, vol. 109, no. 5, pp. 899–904, 2009.

[16] E. C. Cussler, S. B. Going, L. B. Houtkooper et al., “Exercise
frequency and calcium intake predict 4-year bone changes in
postmenopausal women,”Osteoporosis International, vol. 16, no.
12, pp. 2129–2141, 2005.

[17] M. M. Harris, L. B. Houtkooper, V. A. Stanford et al., “Iron is
associated with bone mineral density in a cross-sectional sam-
ple of healthy postmenopausal women,” Journal of Nutrition,
vol. 133, no. 11, pp. 3598–3602, 2003.

[18] J. Maurer, M. M. Harris, V. A. Stanford et al., “Dietary iron
positively influences bone mineral density in postmenopausal
women on hormone replacement therapy,”The Journal of Nutri-
tion, vol. 135, no. 4, pp. 863–869, 2005.

[19] J. E. Rossouw, G. L. Anderson, R. L. Prentice et al., “Risk and
benefits of estrogen plus progestin in healthy postmenopausal
women: principal results from the women’s health initiative
randomized controlled trial,” Journal of the American Medical
Association, vol. 288, no. 3, pp. 321–333, 2002.

[20] H.M.Macdonald, S. A. New,M.H. N. Golden,M. K. Campbell,
and D.M. Reid, “Nutritional associations with bone loss during
the menopausal transition: evidence of a beneficial effect of
calcium, alcohol, and fruit and vegetable nutrients and of
a detrimental effect of fatty acids,” The American Journal of
Clinical Nutrition, vol. 79, no. 1, pp. 155–165, 2004.

[21] E. K. Farina, D. P. Kiel, R. Roubenoff, E. J. Schaefer, L. A. Cup-
ples, andK. L. Tucker, “Protective effects of fish intake and inter-
active effects of long-chain polyunsaturated fatty acid intakes
on hip bone mineral density in older adults: the Framingham
Osteoporosis Study,”American Journal of Clinical Nutrition, vol.
93, no. 5, pp. 1142–1151, 2011.

[22] J. Lappe, I. Kunz, I. Bendik et al., “Effect of a combination
of genistein, polyunsaturated fatty acids and vitamins D3 and
K1 on bone mineral density in postmenopausal women: a ran-
domized, placebo-controlled, double-blind pilot study,” Euro-
pean Journal of Nutrition, vol. 52, no. 1, pp. 203–215, 2013.



8 Journal of Osteoporosis

[23] E.Martin-Bautista,M.Munoz-Torres, and J. Fonolla, “Improve-
ment of bone formation biomarkers in Iranian postmenopausal
osteoporotic women: a randomized clinical trial,” Nutrition
Research, vol. 30, no. 5, pp. 320–326, 2010.

[24] D. H. van Papendorp, H. Coetzer, and M. C. Kruger, “Bio-
chemical profile of osteoporotic patients on essential fatty acid
supplementation,”Nutrition Research, vol. 15, no. 3, pp. 325–334,
1995.

[25] M. C. Kruger, H. Coetzer, R. de Winter, G. Gericke, and D.
H. van Papendorp, “Calcium, gamma-linolenic acid and eicos-
apentaenoic acid supplementation in senile osteoporosis,”Aging
Clinical and Experimental Research, vol. 10, no. 5, pp. 385–394,
1998.

[26] E. J. Bassey, J. J. Littlewood,M.C. Rothwell, andD.W. Pye, “Lack
of effect of supplementation with essential fatty acids on bone
mineral density in healthy pre- and postmenopausal women:
two randomized controlled trials of Efacal v. calcium alone,”
British Journal of Nutrition, vol. 83, no. 6, pp. 629–635, 2000.

[27] A. P. Simopoulos, “Evolutionary aspects of diet, the omega-
6/omega-3 ratio and genetic variation: nutritional implications
for chronic diseases,” Biomedicine & Pharmacotherapy, vol. 60,
no. 9, pp. 502–507, 2006.

[28] P. Trumbo, S. Schlicker, A. A. Yates, and M. Poos, “Dietary
reference intakes for energy, carbohydrate, fiber, fat, fatty acids,
cholesterol, protein and amino acids,” Journal of the American
Dietetic Association, vol. 102, no. 11, pp. 1621–1630, 2002.

[29] C. K. Schlemmer, H. Coetzer, N. Claassen, and M. C. Kruger,
“Oestrogen and essential fatty acid supplementation corrects
bone loss due to ovariectomy in the female SpragueDawley rat,”
Prostaglandins Leukotrienes and Essential Fatty Acids, vol. 61,
no. 6, pp. 381–390, 1999.

[30] C. M. Sibbons, J. Thomas Brenna, P. Lawrence et al., “Effect of
sex hormones on n-3 polyunsaturated fatty acid biosynthesis in
HepG2 cells and in human primary hepatocytes,” Prostaglan-
dins Leukotrienes and Essential Fatty Acids, vol. 90, no. 2-3, pp.
47–54, 2014.

[31] K. D. Stark, E. J. Park, and B. J. Holub, “Fatty acid compo-
sition of serum phospholipid of premenopausal women and
postmenopausal women receiving and not receiving hormone
replacement therapy,” Menopause, vol. 10, no. 5, pp. 448–455,
2003.

[32] National Institutes of Health, “Vitamin D,” 2015, http://ods.od
.nih.gov/factsheets/VitaminD-HealthProfessional/.

[33] N. Kajarabille, J. Dı́az-Castro, S. Hijano, M. López-Fŕıas, I.
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