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Abstract
Age-related bone and muscle loss are major public health problems. Investigational therapies to
reduce these losses include anti-inflammatory dietary supplementations, such as polyunsaturated
fatty acids (PUFA). Surprisingly, this topic has received little attention in the osteoporosis
community.

Recent research highlights the role of PUFA in inflammatory regulation of bone remodeling via
cellular pathways. Emerging research suggests significant roles for PUFA in reducing bone and
muscle loss with aging; however, findings are conflicted for PUFA and fracture risk. Limited
studies suggest a relation between higher omega-3 FA and better muscle/bone in older adults. This
review highlights new research since 2008 and synthesizes our current understanding of PUFA in
relation to bone and muscle.

Across study designs, evidence indicates that PUFA has positive effects upon bone. As data are
sparse, future clinical trials and prospective studies are important to determine the long term
benefits of PUFA supplementation upon bone and muscle outcomes.

Keywords
bone; muscle; bone density; polyunsaturated fatty acids; omega 3; older adults

Corresponding author: Marian T. Hannan, D.Sc., M.P.H., The Institute for Aging Research, Hebrew SeniorLife, Harvard Medical
School, Beth Israel Deaconess Medical Center, Department of Medicine, 1200 Centre St, Boston MA 02131, P: 617-971-5366, F:
617-971-5339, hannan@hsl.harvard.edu.
Author contact information:
Kelsey M. Mangano, PhD, RD, The Institute for Aging Research, Hebrew SeniorLife, Harvard Medical School, Beth Israel Deaconess
Medical Center, Department of Medicine, 1200 Centre St, Boston MA 02131, P: 617-971-5321, F: 617-971-5339,
kelseymangano@hsl.harvard.edu
Shivani Sahni, PhD, The Institute for Aging Research, Hebrew SeniorLife, Harvard Medical School, Beth Israel Deaconess Medical
Center, Department of Medicine, 1200 Centre St, Boston MA 02131, P: 617-971-5382, F: 617-971-5339,
shivanisahni@hsl.harvard.edu
Jane E. Kerstetter, PhD, RD, The University of Connecticut, Department of Allied Health Sciences, Koons Hall, UNIT 2101, 358
Mansfield Road, Storrs, CT 06269, P: 860-486-1996, F: (860) 486-5375, jane.kerstetter@uconn.edu
Anne M. Kenny, MD, The University of Connecticut Health Center, Department on Aging, 263 Farmington Ave, Farmington, CT
06030, P: 860-679-3956, F: 860-679-1307, Kenny@uchc.edu

NIH Public Access
Author Manuscript
Curr Osteoporos Rep. Author manuscript; available in PMC 2014 January 08.

Published in final edited form as:
Curr Osteoporos Rep. 2013 September ; 11(3): . doi:10.1007/s11914-013-0149-0.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Osteoporosis is characterized by systemic impairment of bone mass, strength, and
microarchitecture, resulting in increased risk for fragility fracture [1]. Bone remodeling is a
process that repairs damaged bone and replaces old bone with new. Excess resorption over
formation leads to loss of bone mass, osteoporosis and increased fracture risk [2] which may
result in functional losses and increased mortality [3]. Therefore, treatment and prevention
of the uncoupling between bone resorption and formation is a high priority and new
therapies targeting specific stages of bone remodeling are under development. Additionally,
osteoporosis is typically associated with sarcopenia [4], degenerative and involuntary
skeletal muscle loss. Sarcopenia is common with aging, affecting up to one-quarter of older
adults [5] and can lead to functional disability. Investigational therapies to delay bone and
muscle loss include the supplementation of dietary factors that possess anti-inflammatory
properties. One such dietary component is polyunsaturated fatty acids (PUFA).

Although in-vivo and in-vitro studies suggest varying roles of n-3 and n-6 PUFA in bone
and muscle metabolism, it is uncertain whether these results can be extrapolated to humans.
A 2008 systematic review [6] evaluated PUFA and bone health in animals and humans. The
authors concluded that animal studies support beneficial effects of n-3 FA on bone health;
however, human study outcomes remain inconclusive, largely based on observational trials
with limited evidence. They highlighted a need for intervention trials. Since this last review,
three randomized controlled trials (RCT) were published evaluating the effects of PUFA
supplementation on bone along with several observational studies. The purpose of this
review is to examine the latest trials and draw appropriate conclusions on associations of
PUFA with bone and with muscle based on updated literature since 2008.

Classification of PUFAs
PUFAs can be classified into omega 3 fatty acids (n-3 FA) and omega 6 fatty acids (n-6
FA). Both n-3 FA alpha-linolenic acid (ALA) and n-6 FA linoleic acid (LA) are considered
essential fatty acids because the body cannot synthesize them; they must be consumed in the
diet. Via a series of elongation and desaturation steps, the two PUFA parent compounds
(ALA and LA) are converted to downstream fatty acids and various eicosanoids (Figure 1,
adapted from [7]). The two predominant products of ALA metabolism are the long chain n-3
FA docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA). Downstream products
of the n-3 FA family demonstrate anti-inflammatory properties while n-6 FA derivatives are
typically pro-inflammatory. N-6 and n-3 FA compete for desaturation enzymes during
production of downstream fatty acids and for cyclooxygenase (COX) during the metabolism
of various eicosanoids [7]. Therefore, greater intakes of one PUFA series over the other will
determine which pathway (n-3 vs. n-6) is driven and which eicosanoids are produced.

Biological Mechanism
Recent research highlights the potential role of PUFA in inflammatory regulation of bone
remodeling via several cellular pathways. One important mechanism is by gene
transcription. Peroxisome proliferator activator receptor gamma (PPARγ) is a transcription
factor with negative effects on bone homeostasis [8] and is activated by PUFA. Treatment
with AA (n-6 FA) inhibits proliferation of osteoblasts via increased expression of PPARγ
[9]; however, DHA (n-3 FA) favors osteoblastogenesis due to its binding affinity for
PPARγ. PUFA may also affect bone via several other pathways, such as downstream
attenuation of various pro-inflammatory cytokines [10–14]; by increasing nitric oxide
production [14]; and by promoting osteoblastic differentiation via increased production of
insulin-like growth factor-1 (IGF-1) and parathyroid hormone [15] [16]. Effects of PUFA on
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osteoclasts remain unclear; though it has been suggested that n-3 FA may lead to decreased
osteoclast maturation [17].

Advances in understanding the role of PUFA in mediating estrogen and age-related bone
loss have been accomplished using a transgenic mouse line [12], where greater n-3 FA
production was shown to down-regulate osteoclastogenic factors and reduce bone loss in
ovariectomized mice [14]. Recently, Bonnet and Ferrari [18] examined the effect of
supplementation with specific n-3 FA on bone mass and microstructure in mice. Overall,
long term intake of EPA improved the mechanical properties of cortical bone by increasing
leptin and IGF-1 levels. This study suggests specific n-3 FA (primarily EPA) may be
responsible for altering bone metabolism.

Few studies have evaluated the biological mechanism by which PUFA may affect muscle
metabolism. Recently increased intakes of n-3 FA in burned [19] or cachectic mice [20]
were shown to maintain whole body protein synthesis, net protein balance and muscle mass.
In humans, supplementation with n-3 FA activated the mTOR/p70s6k (mammalian target of
rapamycin/ribosomal protein kinase S6) signaling pathway; an important pathway
influencing skeletal muscle mass, particularly under mechanical stimulation [21, 22]. This
mechanism was also observed in steer supplemented specifically with the n-3 FA EPA +
DHA [23].

Dietary PUFA and Bone Mineral Density
Cross-sectional studies

Most observational studies on PUFA and bone were cross-sectional and have reported
inconsistent findings; some studies showed positive associations for total PUFA, n-3, n-6
and linolenic FA while others showed no association with BMD (Table 1). In one study [24]
the relation between total n-3 and n-6 intakes (from 4-d food records), the n6:n3 FA ratio
and bone mineral density (BMD in g/cm2; at total femur and femoral neck) was examined in
247 men and women over age 60 y. Total n-3 FA intake was positively associated with total
femur BMD (p=0.003) while controlling for total n-6 FA intake, dietary protein and serum
vitamin D. However, n-6 FA intake was not associated with total femur BMD (p=0.76). The
ratio of n6:n3 FA in the diet was not associated with any BMD site. When stratified by total
omega 3 intake (cut off: >1.27g/d) individuals with high omega 3 intake had greater femoral
neck (p=0.05) and total femur (p=0.004) BMD compared to the low intake group. This study
suggests a positive relation between total n-3 intake and hip BMD; however, the study did
not control for confounding variables (such as age, sex and energy intake). Further,
individual n-3 fatty acids were not examined, yet their metabolites may demonstrate varying
effects on bone.

This weakness was addressed by Jarvinen and colleagues [25] who examined BMD with
individual PUFA intakes assessed by 3-day food records. This cross-sectional study
examined total and individual n-3 FA (EPA+DHA, linolenic acid) and n-6 FA (AA and LA),
with BMD (total body, femoral neck and lumbar spine) in 554 postmenopausal women.
Analyses were stratified by hormone replacement therapy (HRT). Among women not using
HRT, total PUFA, total n-6 FA and total n-3 FA intake were associated with higher BMD at
the lumbar spine and total body (p-range: 0.001 – 0.086). Among individual FA examined,
LA (n-6) and linolenic acid (n-3) were significantly associated with higher total body and
lumbar spine BMD. No significant associations were observed with AA (n-6) or EPA+DHA
at either BMD site. Importantly, no significant associations were observed among women
using HRT, perhaps due in part to an interaction with estrogen, as estrogen has a positive
effect upon bone turnover and may alter PUFA’s mechanism of action on bone. It is also
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plausible that the lack of association among women using HRT (n=64) was due to lower
statistical power.

Most research on fatty acids and bone has focused on older women; however, recent work
includes men and suggests sex-specific differences in the association of PUFA with bone.
The Framingham Osteoporosis Study (FOS) examined the association between BMD
(femoral neck and trochanter) with individual PUFA (n-3: ALA, EPA, DHA; n-6: LA, AA)
and overall fish intake (tuna, dark fish, white fish, shellfish and total fish) assessed by a food
frequency questionnaire in older adults (mean age: 75y) [26]. Analyses were conducted
separately for men (n=324) and women (n=530) because of significant interactions with sex.
No significant associations were observed with intakes of the individual PUFA or fish and
BMD in either sex. An interaction between AA (n-6) and EPA+DHA (n-3) intakes was
observed in women, but not in men. Women whose EPA + DHA intakes were ≥ the median
(0.14g/d) had higher femoral neck BMD with higher AA intakes. These results may be
explained by the dual effect of AA and EPA on prostaglandin E2 (PGE2), where the
beneficial role of PGE2 on bone is only seen at moderate levels. AA may induce PGE2
production while EPA maintains production at non-toxic levels [7].

Recently, Farina et al. [27] examined the association between plasma phosphatidylcholine
(PC) concentrations of individual PUFA (DHA, LA and AA) and femoral neck BMD in the
FOS (484 women, 281 men; average age 75y). Strengths of this study included the use of
plasma concentrations of PUFA, which may more accurately assess current FA status than
dietary intake. Similar to their previous work [26], the associations between individual
PUFA and BMD appeared to differ between men and women. In adjusted models, no
significant associations were observed between plasma PC DHA, LA or AA and BMD
among women. In men, a trend toward higher BMD was observed with higher plasma PC
AA (p-trend: 0.06).

In the Cardiovascular Health Study (n=1,305 men and women, mean age: 73y), Virtanen et
al. [28] assessed BMD (total hip and femoral neck) with intakes of marine derived n-3 FA
(EPA + DHA) and fish consumption (tuna/other and fried fish) estimated by a food
frequency questionnaire. Previous research has shown a lower n6:n3 FA ratio to be
beneficial for bone health [29]; therefore, this study examined if the relation between n-3 FA
and BMD was modified by LA (parent n-6 FA). No significant association was observed
between baseline consumption of EPA + DHA or fish with BMD in men or women (when
assessed together or stratified by sex). Because there were no sex interactions, the study
sample was stratified by LA intake (at median of 12.1g/d). For LA intakes above the
median, higher EPA + DHA intake (≥0.32g/d) was associated with lower femoral neck
BMD (p<0.001) and lower total hip BMD (p<0.001) compared to those with lower intakes.
No associations were observed among participants below the median LA intake. Although
these results suggest that EPA + DHA intakes may be detrimental to BMD in individuals
with high LA intakes, these results are not supported by other studies [26]. Furthermore, no
interaction was observed between overall fish intake (a marker of EPA and DHA intake) and
dietary LA [28].

Longitudinal Studies
The aforementioned cross-sectional studies were inherently limited because of their study
design. Understanding the relation between PUFA with change in BMD over time is
imperative. The most convincing evidence in favor of PUFA and bone comes from the FOS,
which examined both dietary [26] and plasma FA [27] with bone loss. Farina et al. [26]
examined the relation between individual dietary PUFA (n3: ALA, EPA, DHA; n6: LA,
AA), the n6:n3 ratio and fish intake (tuna, dark fish, white fish, shellfish and total fish) with
4y change in femoral neck BMD in men (n=225) and women (n=397). In men, greater
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intakes of DHA, EPA, or DHA + EPA were protective against femoral neck BMD loss.
Further, greater intakes of AA tended to protect against BMD loss (p-trend= 0.06).
However, in women, greater intake of LA was associated with more bone loss at femoral
neck; no associations were observed between other individual FA and bone loss among
women. The n6:n3 FA ratio was not linked to bone loss in men or women. Greater fish
intakes were associated with maintenance of femoral neck BMD in both men and women
even after further adjustment for protein intake suggesting the beneficial effects of fish on
bone is likely due to the high n-3 FA content.

In the same study, an interaction was observed between AA and EPA + DHA intakes in men
but not women. Among men with low EPA + DHA intakes, those with the highest intake of
AA lost more femoral neck BMD than those with the lowest AA intake. Together, these
results suggest that the protective effects of AA on bone may be apparent only with greater
EPA + DHA intakes, while the opposite may be true with low intakes of EPA + DHA in
men. These results are an interesting contrast to interactions observed between fatty acids
with men and women in the cross-sectional study of the same population, where this
interaction was observed in women and not in men [26]. In analyses of BMD with plasma
PC fractions of essential FA, sex specific differences were also observed, where higher
concentrations of plasma PC DHA were associated with greater 4y loss of femoral neck
BMD in women (p=0.04); but in men, a threshold effect was observed where men in the
highest quintile of PC DHA maintained BMD relative to men in the lower four quintiles
(p=0.01) [27]. The authors suggest that the negative association between plasma DHA and
BMD in women may be explained by greater levels of lipid peroxidation, commonly seen in
post-menopausal women. These results suggest sex specific differences between PUFA and
bone health, perhaps partially explained by hormonal interactions with lipid mechanisms on
bone. Although inflammatory markers were not directly measured in the summarized
studies, total n-3 FA and long-chain n-3 FA intakes have been shown to decrease serum
levels of C-reactive protein (CRP) in adults [30], particularly in men [31]. It is important
that future studies evaluating the association between PUFA intake and bone health include
measures of inflammation, such as CRP, to determine the pathway involving PUFA and
their anti-inflammatory mechanism of action in bone loss.

Randomized Controlled Trials (RCT)
RCTs are required to determine if PUFA have a causal effect on BMD in older adults. Lappe
et al. [32] randomized 58 post-menopausal women to a 6-month intervention of 30mg
genistein + 800IU vitamin D3 + 150μg vitamin K1 + 1g PUFA (EPA/DHA ratio of 2:1) or
placebo (corn oil and bees wax) in pill form. At 6-months, both bone alkaline phosphatase
(BAP, a bone formation marker) and collagen type 1 cross-linked N-telopeptide (bone
resorption marker) increased significantly in the intervention group, suggesting an overall
increase in bone turnover. Further, in this group, BMD significantly increased at the wards
area (+2.3%) compared to BMD loss (−1.1%) in the control group and femoral BMD was
maintained compared to loss seen in controls. It is difficult to determine whether the
protective effects of this bone blend supplement were due to individual nutritional
counterparts (i.e. PUFA) or a combination of other supplemental factors (e.g., supplemental
vitamin D) because serum vitamin D levels increased significantly over the study only in the
intervention group.

Dietary PUFA and Bone Markers: Results from RCT
Martin-Bautista et al. [33] evaluated the effect of an EPA and DHA fortified milk upon bone
turnover markers in 72 hyperlipidemic adults. Participants were randomized to either control
milk (6.7g saturated fat, 2.05g oleic acid and minimal amounts of vitamins A and D); or
intervention milk (2.3g saturated fat, 5.17g oleic acid, 0.20g EPA, 0.14g DHA, and modest
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levels of vitamins A, B6, D, E and folic acid). Participants were asked to consume two
250ml servings/d of milk for 12 months. Compliance was measured by change in circulating
plasma DHA (60% increase in the intervention group) and plasma EPA (42% increase). The
intervention group had a significant increase (12.5% at 6-month, 17.7% at 12-month) in
plasma osteoprotegerin (OPG, a negative regulator of bone breakdown); modestly increased
receptor activator of nuclear factor-kappa B ligand (RANKL, a stimulant for bone
resorption); increased ratio of OPG/RANKL; and significantly increased (16.5 to 20.2 ng/
mL in 12-months) in OC (a bone formation marker). No change was observed in the control
group. No changes were seen in parathyroid hormone (PTH) or serum C-telopeptide of type
I collagen (a marker of bone resorption) in either group at 12-months. No sex differences
were observed with any of the bone parameters. This study demonstrated that a milk product
fortified in DHA and EPA can alter the plasma composition of DHA and EPA, as well as
improve bone formation markers. However, it is unclear if the change in bone markers was
solely due to the increased intake of DHA, EPA, or due to the concurrent increase in oleic
acid (a monounsaturated FA), and decreased amount (approximately 2/3 less) of saturated
fatty acids in the intervention compared to control milk.

In a smaller trial with limited power [34] 25 postmenopausal women were randomized to
either 900mg n-3 FA or placebo capsules for 6 months, during which time participants
maintained fish consumption to 0–1 times per week. The 18 valid completers showed no
evidence of significant changes in serum levels of the bone formation markers OC or BAP.
However, urine pyridinoline (Pyd), a bone resorption marker, significantly decreased in the
treatment group. These results suggest that n-3 FA supplementation may decrease bone
resorption, but has little to no effect on bone formation.

Overall, evidence from the most recent RCTs examining supplementation with n-3 FA
suggest that increased intake of n-3 FA may alter bone turnover; however it is difficult to
tease out this effect from other dietary modifications in these studies. Bone turnover markers
are notoriously variable and may not be sufficiently sensitive to respond to short term
nutrition interventions. More definitive evidence between PUFA and bone requires long
term RCTs with BMD and fracture as primary outcomes. Future studies should focus on
potential interactions between DHA + EPA and various fatty acids and also examine sex
interactions between PUFA intake and bone outcomes.

Dietary PUFA and fracture risk: conflicting results
Cohort Studies

The association between PUFA and fracture risk remains unclear as several studies show
protective associations with AA and ALA [27, 35], while others show no association [28,
36]. Associations between intakes of total PUFA, LA, EPA, DHA and fish intake with risk
of hip fracture were assessed in 552 women and 352 men of the Framingham Study (average
age: 75y, mean follow-up: 11y) [35]. Dietary ALA (parent n-3 FA) was protective against
hip fracture (54% lower risk in the highest vs. lowest quartile of intake). No significant
associations were observed between intakes of EPA, DHA, EPA + DHA, LA or the n6:n3
FA ratio and hip fracture risk. Due to a sex interaction with AA intake and BMD (previously
described), sex-specific analyses were conducted. In men, those in the highest quartile of
AA (downstream n-6 FA) intake had an 80% lower risk of hip fracture than those in the
lowest quartile of intake (p-trend = 0.05). When FA were examined as plasma phospholipid
fractions, men and women with the highest plasma AA concentrations had 51% lower hip
fracture risk than those with the lowest AA concentrations; supportive of the dietary
association observed in men. In women alone, greater plasma PC LA status was associated
with over twice the risk of hip fracture (quintile 5 of LA status versus quintile 1) [27].
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However, these associations were attenuated when adjusted for BMI. Overall, these results
surprisingly suggest that AA, an n-6 FA protected against hip fracture.

Virtanen et al. [37] examined the relation between PUFA intakes (total PUFA, total n-3,
ALA, EPA + DHA, total n-6 and LA), the n6:n3 ratio and fish intake (canned tuna +
breaded store-bought fish + dark fish + other fish) with risk of hip fracture in the Nurses’
Health Study and the Health Professionals Follow-up Study (mean age 63y, mean follow-up:
24 y, hip fractures=1051 of 46,476 men and 529 of 75,878 women]. No significant
associations were observed between any FA intakes and hip fracture risk in the total sample
or in men alone. However, women with the highest intake of total PUFA had a decreased
risk of hip fracture compared to those with the lowest intakes (RR=0.84, lowest quintile: 7.9
vs highest quintile: 13.9g/d, p-trend=0.05). No significant associations with fish intake and
hip fracture risk were observed in any analyses.

Using Cardiovascular Health Study data, EPA + DHA intakes and fish (tuna/other or fried)
were evaluated for risk of hip fracture over 11 years (n=5,045, average age: 73y) [28].
Contrary to their previous study [28], no significant interactions were observed by sex or by
LA intakes. Furthermore, no significant associations were observed between EPA + DHA
intake or fish intakes with hip fracture risk in the men and women.

Investigators from the Women’s Health Initiative [36] assessed FA consumption (PUFA,
total n-3, ALA, EPA+DHA, total n-6) and hip fracture risk in 137,486 post-menopausal
women across 7.8y (20,399 fractures). Consumption of EPA + DHA was associated with
lower hip fracture risk; however, the association was not statistically significant (RR=0.86,
quartile 4 vs. quartile 1; p-trend: 0.13). Similarly, no significant associations were observed
for individual FA intakes or the ratio of n6:n3 FA. Hormone therapy use did not modify
these associations.

Case-Control Studies
In a matched case-control study, Fan and colleagues [38] studied fish intake [total fish,
freshwater fish, sea fish, and mollusca (squid, cuttlefish, oyster, scallop + shellfish)] and risk
of hip fracture in Chinese men (148 pairs) and women (433 pairs) with a mean age of 71y.
Greater sea fish, mollusca + shellfish and total fish consumption were linked with reduced
risk of hip fracture [OR (95%CI)] for quartile 4 vs. quartile 1: [0.31 (0.18–0.52) p-trend
<0.001 sea fish; 0.55 (0.34–0.88) p-trend=0.004 mollusca + shellfish; 0.47 (0.28–0.79) p-
trend=0.017 total fish]; however fresh water fish had no relation. This supports another
study that showed dose-dependent relations between sea fish intake and BMD and bone
mineral content, but not with fresh water or shellfish, among post-menopausal Chinese
women [39]. These results differ from those described in other ethnic populations (largely
white cohorts) suggesting the lack of association in previous studies may be due to limited
intakes. It also begs the question whether racial differences exist in bone’s response to
varying FA intakes.

Taken together, observational trials examining the relation between dietary PUFA and
fracture risk among older adults show inconsistent results. Total PUFA intake may be
protective of fracture risk among both men and women. However, it remains unclear
whether specific FA or combinations of PUFA are driving this association. The varying
ranges of FA intake across cohorts may explain differing results. Also, studies of PUFA and
BMD have found that n-3 FA may modify the association between n-6 FA and bone.
Therefore, more investigations are needed to determine if specific interactions among PUFA
are associated with fracture risk. In tandem with trials examining BMD, the above results
are suggestive of sex differences in response to PUFA intakes.
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Role of PUFA in muscle health and functional mobility
The decline in muscle mass and strength (components of frailty) common with aging can
lead to decline in functional mobility, disability and increased mortality [40]. The role of
PUFA in muscle health and functional mobility is an emerging area of research due to their
anti-inflammatory properties. In fact, short-term omega-3 FA supplementation (1.5g DHA +
1.86g EPA) has been shown to increase post-prandial muscle protein synthesis, by
increasing muscle mTOR and p70s6k phosphorylation [21, 22]. Consequently, n-3
supplementation may attenuate the muscle related anabolic resistance to circulating amino
acids commonly seen in older adults who are losing muscle.

While studies have suggested the usefulness of n-3 FA supplementation in cancer patients, a
group at high risk for skeletal depletion and sarcopenia [41, 42], the data on older adults is
lacking. A cross-sectional study of 247 older Americans aged ≥60 years found no
correlation between total n-3 or n-6 intakes with lower extremity strength and frailty [24].
However, a larger cross-sectional study of 417 older adults aged ≥85y from the Tokyo
Oldest Old Survey on Total Health [43] showed that lower usual intake of EPA + DHA was
significantly associated with poor functional mobility in men [OR=0.55 (95%CI:0.33–0.91)
per 1 SD increase of EPA + DHA intake]; but not in women [OR=0.88 (95%CI:0.58–1.32)].
These discrepant findings between the two studies may be because n-3 FA intake was
almost three times higher in the Japanese study compared to U.S. Study.

The only randomized double blind study on this topic, assigned 126 post-menopausal
women to either 1.2g EPA + DHA or placebo (olive oil supplement) [44]. After 6 months,
women taking the n-3 supplement significantly improved their walking speed compared to
controls. However, other measures of frailty, including grip strength and body composition
were not statistically different between the two groups. Future studies on this topic should
include men, and pay particular attention to possible sex differences as was observed in the
bone studies.

Taken together, these studies suggest a potential relation between omega-3 FA, muscle mass
and functional capacity in older adults. Omega-3 FA may increase muscle protein synthesis
by lessening muscle anabolic resistance to plasma amino acids [21, 22]; a phenomenon
common with aging. Larger studies with long-follow-up in older adults are required to
clarify these associations.

Current intake of n-3 and n-6 FA in the United States
The typical American diet provides a higher ratio of n-6 to n-3 PUFA of approximately 8–
12:1 [45]. Current total dietary n-3 intake (both marine and non-marine derived) in the US is
estimated at 1.6 g/d where an average of 0.1–0.2 g/d is due to DHA and EPA [45]. However,
current intake of n-3 FA in the US is far from recommended intakes from US or global
organizations. The Institute of Medicine recommends 1.6 g/d of ALA for men and 1.1 g/d
for women, of which 10% should be from EPA and DHA [46]. This is in comparison to the
Dietary Guidelines Advisory Committee (496mg EPA and DHA/day) [47], the World
Health Organization (1–2% of energy/day from n-3 FA) [48] and the International Society
for the Study of Fats and Lipids (650mg/2000kcal EPA and DHA/day) [49].

Fish is the most predominant dietary source of EPA and DHA followed by meat intake (non-
fish) [50, 51]. Quantities of EPA and DHA vary among fish species [52]. The American
Heart Association recommends two fatty fish meals/week for general health [52]. These
quantities may be sufficient for overall health; however it remains unclear whether
increasing fish intake to ≥ 3 times/week would be protective of bone health. The content of
LA, ALA and DHA & EPA of commonly consumed foods can be found in Table 1.
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Conclusions
This review synthesizes our current understanding of PUFA and their possible role in
preventing or reducing bone and muscle loss with aging. Overall, total PUFA intake is
modestly associated with greater BMD in older adults, although data are conflicting whether
this link translates to reduced fracture risk. Isolating the effect of individual PUFA seems to
be the next important step. However, this step is riddled with complexities related to the
ability of individual PUFAs to modify each other’s associations with bone. Of note, recent
research suggests that the intake of EPA & DHA may modify the association between n-6
FA (AA and LA) with BMD. The results for PUFA are not consistent across cohorts and
plasma FA though more precise than dietary FA intakes, may not be able to capture long-
term exposure [53], which is relevant for bone outcomes.

Current research suggests a modest increase in bone turnover with n-3 supplementation.
However, there is a clear lack of well designed RCTs on this topic. Additionally, the
intervention often contains other nutrients, making it difficult to isolate the effect of PUFA
over other nutrients. It is clear that estimated current intakes of EPA & DHA intakes are
below recommended levels needed for overall health. Increasing intake of fish, or
supplementation with EPA & DHA would decrease the n6:n3 ratio which has been
associated with better BMD. Future studies should focus on the ratio between n-3 and n-6
FA and long term bone outcomes including fracture. Currently, a significant knowledge gap
exists regarding whether all n-6 FA are detrimental to bone, or if specific n-6 FA are
surprisingly beneficial under situations with high EPA & DHA intake. Recent research
suggests that n-6 FA AA may protect against bone loss and hip fracture risk. In conjunction
with decreasing the n6:n3 ratio, a careful balance of certain n-6 FA should be examined for
their relation to bone health. Laboratory studies with controlled feeding may provide an
answer to this crucial question and aid in the development of a PUFA cocktail that can be
used in long-term assessment of BMD and fracture risk.

Even the limited findings on PUFA, both overall and the individual components, are
encouraging despite being in initial stages. The role of PUFA in muscle health and
functional mobility is an emerging area of research in which current findings from the
limited studies suggest a relation between higher n-3 FA, better muscle mass and functional
capacity in older adults. Much more information and insights are needed to move this
important aspect of musculoskeletal health of older adults forward. We await more
definitive work on FA with muscle outcomes. As data remain relatively sparse for bone
outcomes and certainly for muscle outcomes, future clinical trials and prospective studies
are important to determine the long term benefits of PUFA supplementation.
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Figure 1.
Metabolism of omega 6 and omega 3 fatty acids, adapted from [7]
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Table 2

Polyunsaturated fatty acid content of commonly consumed foods, adapted from: [46, 52, 54]

Food Serving Size Fatty acid content (g)

Linoleic acid (LA) n-6

Safflower oil 1 tablespoon 10.1

Sunflower oil 1 tablespoon 8.9

Corn oil 1 tablespoon 7.3

Soybean oil 1 tablespoon 6.9

Alpha-linolenic acid (ALA) n-3

Flaxseed oil 1 tablespoon 8.5

Walnuts 1oz 2.6

Canola oil 1 tablespoon 1.3

Soybean oil 1 tablespoon 0.9

Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA) n-3

Herring, Pacific 3oz 1.81

Salmon,Atlantic,Farmed 3oz 1.82

Salmon, Atlantic, Wild 3oz 1.56

Tuna, canned, white 3oz 0.73
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