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INTRODUCTION

Osteoporosis and related fractures are increasing causes of
mortality and painful physical impairment in the elderly, especially in the Western world (1, 2). Bone mineral accrual during
childhood and adolescence is thought to play a vital role in
preventing osteoporosis (3–5). Identifying and optimizing factors influencing peak bone mass is thus important for the prevention of osteoporosis and related fractures.
Genetic factors, estimated to be responsible for 앒70% of the
variance in bone mass (6, 7), cannot be influenced; other factors
affecting bone, such as nutritional intake, physical activity, and
body mass index (BMI), can be influenced, thereby decreasing
the risk of osteoporosis and its consequences (8).
Knowledge of the influence of nutritional intake on bone
health is limited. Estimated intakes of polyunsaturated fatty acids

(PUFAs) and saturated fatty acids have been suggested to influence bone growth and modeling in humans, although data are
sparse (9, 10). A pilot study suggested that dietary supplementation with evening primrose oil rich in ␥-linolenic acid (GLA)
and fish oil rich in eicosapentaenoic acid (EPA) may decrease
bone turnover and increase bone mineral density (BMD) in elderly patients (11).
Animal studies have shown that a dietary intake of long-chain
nҀ3 PUFAs may influence both bone formation and bone resorption (12, 13). Fatty acids have also been reported to have an
influence on bone metabolism, including an increase in periosteal bone formation in animal studies (14, 15).
No study to date has investigated the association between
concentrations of different fatty acids measured in serum and
BMD in men. Therefore, the aim of this 8-y prospective and
retrospective study was to investigate a possible role of fatty
acids in bone accumulation and the attainment of peak bone mass
in young postpubertal men.

SUBJECTS AND METHODS

Subjects
Beginning in 1994, we recruited 95 healthy adolescent white
males from high schools and athletic clubs in Umeå in northern
Sweden for this longitudinal study—the Northern Osteoporosis
and Obesity Study (NO2 Study). The initial aim was to investigate factors important for the development of BMD (16) and
body-composition variables such as fat mass and lean body mass
(17, 18). After a mean period of 5 y and 11 mo, 84 of the original
participants agreed to participate in a first follow-up examination. At this follow-up, blood samples were obtained. One of the
participants received a diagnosis of anorexia nervosa and depression between baseline and the follow-up and was therefore excluded, and 5 subjects were excluded for declining to leave blood
samples, which left 78 participants. Seventy-three of these men
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ABSTRACT
Background: Knowledge of the influence of nutritional intake on
bone health is limited. Polyunsaturated fatty acids have been suggested to influence bone growth and modeling in humans, although
data are sparse.
Objective: The objective was to investigate the role of fatty acids in
bone accumulation and the attainment of peak bone mass in young
men.
Design: The cohort studied consisted of 78 healthy young men with
a mean age of 16.7 y at baseline. Bone mineral density (BMD; in
g/cm2) of total body, hip, and spine was measured at baseline and at
22 and 24 y of age. Fatty acid concentrations were measured in the
phospholipid fraction in serum at 22 y of age.
Results: Concentrations of nҀ3 fatty acids were positively associated with total BMD (r ҃ 0.27, P ҃ 0.02) and spine BMD (r ҃ 0.25,
P ҃ 0.02) at 22 y of age. A positive correlation between nҀ3 fatty
acid concentrations and the changes in BMD at the spine (r ҃ 0.26,
P ҃ 0.02) was found between 16 and 22 y of age. Concentrations of
docosahexaenoic acid (DHA, 22:6nҀ3) were positively associated
with total BMD (r ҃ 0.32, P ҃ 0.004) and BMD at the spine (r ҃
0.30, P ҃ 0.008) at 22 y of age. A positive correlation was also found
between DHA concentrations and the changes in BMD at the spine
(r ҃ 0.26, P ҃ 0.02) between 16 and 22 y of age.
Conclusion: The results showed that nҀ3 fatty acids, especially
DHA, are positively associated with bone mineral accrual and, thus,
with peak BMD in young men.
Am J Clin Nutr 2007;85:803–7.
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participated in the second follow-up conducted after a mean of
7 y and 11 mo.
Questionnaire on lifestyle

Statistical analyses
All data are presented as means 앐 SDs. Bivariate correlations
were measured by using Pearson’s correlation coefficients (r).
The independent contributions of fatty acids to BMD at each site
were investigated by using linear regression, including weight,
height, and physical activity as independent variables. Differences between 3 groups were tested by using analysis of variance
(ANOVA) with Bonferroni’s test for post hoc comparisons. The
SPSS software for personal computers (version 11.5; SPSS Inc,
Chicago, IL) was used for the statistical analyses. P values 쏝0.05
was considered statistically significant.

TABLE 1
Age, anthropometric data, physical activity, and bone mineral density
(BMD) at baseline and at the first and second follow-ups and fatty acid
profiles in the phospholipid fraction at the first follow-up in the healthy
young men1

Anthropometric measurements
Weight and height were measured in light clothing. Weight
was measured to the nearest 0.1 kg by use of a digital scale, and
height was measured to the nearest 0.5 cm against a wallmounted stadiometer.
Bone mineral density measurements
The BMD (g/cm2) of the total body and right hip was measured
by using a Lunar DPX-L (Lunar Co, Waukesha, WI) dual-energy
X-ray absorptiometer with version 4.6e software. The CV (CV,
ie, SD/mean) was determined by scanning one person 7 times on
the same day, with repositioning between each scan. Accordingly, the CVs were 0.7% with the total body scan and 앒1% for
the total hip scan. The BMD of the spine was derived from the
total body scan. One investigator (AN) performed all the analyses. To maximize precision, the scaling option was used and set
to 200. To evaluate the region-of-interest program, 2 different
persons were scanned. The first person was scanned 7 times on
the same day, with repositioning between each scan. The CV was
then calculated to be 1.1% for spine BMD. The second person
was scanned on different days for a total of 10 times. The CV then
increased to 2.5%. The equipment was calibrated each day by
using a standardized phantom to detect drifts in BMD measurements. All scans were made by using the same Lunar DPX-L.
Fatty acid profile in serum phospholipids
Serum was obtained under a nonfasting condition from 78 men
during the first follow-up, ie, at 22 y of age. Total plasma lipids
were extracted according to Folch et al (19), and the phospholipids were isolated on 400 mg aminopropyl solid-phase extraction columns according to Helland et al (20). Phospholipids were
eluted from the columns with methanol, evaporated with hot
nitrogen, and transmethylated with fresh sodium methoxide.
Fatty acid methyl esters were extracted into hexane containing

Baseline
(n ҃ 78)
Age (y)
Weight (kg)
Height (cm)
Physical activity (h/wk)
BMD (g/cm2)
Total body
Total hip
Spine
Fatty acid profile (g/100 g
serum phospholipids)
Palmitic acid (16:0)
Palmitoleic acid (16:1)
Stearic acid (18.0)
Oleic acid (18:1)
Linoleic acid (18:2nҀ6)
Eicosatrienoic acid
(20:3nҀ6)
Arachidonic acid (20:4nҀ6)
Eicosapentaenoic acid (20:
5nҀ3)
Docosapentaenoic acid (22:
5nҀ3)
Docosahexaenoic acid (22:
6nҀ3)
PUFA
MUFA
SFA
nҀ6
nҀ3
nҀ6:nҀ3

16.7 앐 0.52
71.8 앐 9.12
179 앐 64
6.9 앐 4.22

First
follow-up
(n ҃ 78)

Second
follow-up
(n ҃ 73)

22.6 앐 0.73 24.6 앐 0.6
81.7 앐 11.1 83.0 앐 10.8
181 앐 6
181 앐 6
4.8 앐 3.8
3.6 앐 2.9

1.22 앐 0.082 1.31 앐 0.07 1.31 앐 0.7
1.27 앐 0.13 1.26 앐 0.15 1.23 앐 0.15
1.16 앐 0.112 1.27 앐 0.12 1.30 앐 0.14

—
—
—
—
—
—

29.1 앐 1.2
0.8 앐 0.4
15.6 앐 1.4
11.9 앐 1.9
22.9 앐 3.0
3.7 앐 0.8

—
—
—
—
—
—

—
—

8.7 앐 1.4
1.8 앐 1.0

—
—

—

1.3 앐 0.3

—

—

3.6 앐 1.0

—

—
—
—
—
—
—

42.5 앐 2.1
12.7 앐 1.9
44.7 앐 1.5
35.6 앐 2.3
7.0 앐 1.9
5.4 앐 1.3

—
—
—
—
—
—

All values are x 앐 SD. PUFA, polyunsaturated fatty acid; MUFA,
monounsaturated fatty acid; SFA, saturated fatty acid.
2
Significantly different from first and second follow-ups, P 쏝 0.01.
3
Significantly different from second follow-up, P 쏝 0.01.
4
Significantly different from first follow-up, P 쏝 0.05.
1
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Physical activity was measured by questionnaire and defined
as the self-reported mean activity associated with sweating or
breathlessness each week during the last year. The questionnaire
has been used since the data collection began in 1995 (18) and at
all follow-ups. In subjects with organized physical training in
local sports clubs, the self-reported activity of each subject was
also validated by the team coach at the start of this study. The
group’s physical activity consisted mainly of playing ice hockey,
soccer and floor ball, distance running, and some weight training.
The questionnaire used at baseline and at the follow-ups also
included questions on smoking habits, known illnesses, and medication use. Pubertal stage according to Tanner was determined
via self-examination of pubic hair and questions on growth of
beard and height development at baseline. None of the participants had any disease or were taking any medication known to
affect bone metabolism.
All data were collected at the Sports Medicine Unit at the
University Hospital of Northern Sweden. All of the participants
gave informed consent, and the Ethics Committee of the Medical
Faculty, Umeå University, Umeå, Sweden, approved the study
protocol.

20 mg butylated hydroxyl toluene (BHT)/L as an antioxidant and
separated on a 100 m ҂ 0.25 mm (internal diameter) capillary gas
chromatography column (SP-22566; Supelco, Bellefonte, PA),
with hydrogen as the carrier gas and flame ionization detection.
The results are expressed as grams fatty acids/ g serum phospholipids.
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TABLE 2
Pearson’s correlation coefficients between fatty acids measured in the phospholipid fraction and bone mineral density (BMD, in g/cm2) at 22 y of age and
for the changes in BMD between 16 and 22 y of age (⌬16 –22) and between 22 and 24 y of age (⌬22–24)1
Total

Hip

Spine

BMD
(n ҃ 78)

⌬16 –22
(n ҃ 78)

⌬22–24
(n ҃ 73)

BMD
(n ҃ 78)

⌬16 –22
(n ҃ 78)

⌬22–24
(n ҃ 73)

BMD
(n ҃ 78)

⌬16 –22
(n ҃ 78)

⌬22–24
(n ҃ 73)

Palmitic acid
Palmitoleic acid
Stearic acid
Oleic acid
Linoleic acid
Eicosatrienoic acid
Arachidonic acid
Eicosapentaenoic acid
Docosapentaenoic acid
Docosahexaenoic acid
PUFA
MUFA
SFA
nҀ6
nҀ3
nҀ6:nҀ3

0.16
0.00
0.07
Ҁ0.262
Ҁ0.20
0.06
0.17
0.18
0.12
0.323
0.09
Ҁ0.252
0.21
Ҁ0.14
0.272
Ҁ0.12

Ҁ0.04
0.04
0.07
Ҁ0.19
0.00
Ҁ0.09
0.12
0.04
0.02
0.10
0.14
Ҁ0.18
0.04
0.04
0.10
Ҁ0.12

Ҁ0.04
0.10
Ҁ0.01
0.04
0.02
0.08
0.09
Ҁ0.07
Ҁ0.03
0.08
Ҁ0.04
0.06
Ҁ0.04
0.05
Ҁ0.12
0.09

0.11
0.04
0.04
Ҁ0.15
Ҁ0.12
0.07
0.12
0.08
0.03
0.15
0.04
Ҁ0.14
0.13
Ҁ0.06
0.12
Ҁ0.07

0.01
0.03
0.02
Ҁ0.10
Ҁ0.06
Ҁ0.04
0.15
0.02
Ҁ0.07
0.07
0.07
Ҁ0.09
0.03
0.00
0.07
Ҁ0.13

0.10
0.09
0.09
Ҁ0.18
Ҁ0.13
0.09
0.18
0.03
0.09
0.13
0.04
Ҁ0.16
0.16
Ҁ0.03
0.09
Ҁ0.09

0.06
Ҁ0.06
0.08
Ҁ0.20
Ҁ0.18
0.04
0.18
0.15
0.12
0.303
0.10
Ҁ0.21
0.13
Ҁ0.12
0.252
Ҁ0.14

0.01
0.02
0.04
Ҁ0.22
Ҁ0.15
Ҁ0.08
0.252
0.16
0.05
0.262
0.16
Ҁ0.21
0.05
Ҁ0.07
0.262
Ҁ0.262

Ҁ0.01
0.21
0.01
0.08
Ҁ0.04
0.08
Ҁ0.04
Ҁ0.19
Ҁ0.11
0.10
Ҁ0.10
Ҁ0.11
0.00
Ҁ0.04
Ҁ0.08
0.03

1

PUFA, polyunsaturated fatty acid; MUFA, monounsaturated fatty acid; SFA, saturated fatty acid.
P 쏝 0.05.
3
P 쏝 0.01.
2

RESULTS

The participants’ fatty acid profile, age, weight, height, physical activity, and BMD of the total body, spine, and hip at baseline
and follow-up visits are presented in Table 1. The concentration
of ␣-linolenic acid could only be detected in 앒50% of the subjects; therefore, these data are not presented.
Bivariate correlations between the different fatty acids and
BMD measured at 22 y of age and the changes in BMD (⌬BMD)
between 16 and 22 y of age and 22 and 24 y of age are presented
in Table 2. In summary, BMD of the total body measured at 22 y
of age showed a significant negative correlation with serum
concentrations of oleic acid (r ҃ Ҁ0.26, P ҃ 0.02) and monounsaturated fatty acids (r ҃ Ҁ0.25, P ҃ 0.02) and a significant
positive correlation with docosahexaenoic acid (DHA) (r ҃ 0.32,
P ҃ 0.004, Figure 1) and nҀ3 fatty acids (r ҃ 0.27, P ҃ 0.02).
BMD of the spine measured at 22 y of age showed a positive
association with DHA (r ҃ 0.30, P ҃ 0.008) and nҀ3 fatty acids
(r ҃ 0.25, P ҃ 0.02). ⌬BMD of the spine between 16 and 22 y of
age showed a positive association with arachidonic acid (r ҃
0.25, P ҃ 0.02), DHA (r ҃ 0.26, P ҃ 0.02), and nҀ3 fatty acids
(r ҃ 0.26, P ҃ 0.02) and a negative association with the ratio of
nҀ6 to nҀ3 fatty acids (r ҃ Ҁ0.26, P ҃ 0.02).
The independent relations between the different fatty acids
and BMD were also evaluated by using linear regression and
including weight, height, and physical activity as explanatory
variables. BMD of the total body then showed an independent
relation with eicosapentaenoic acid (EPA) (␤ ҃ 0.31, P ҃ 0.02),
DHA (␤ ҃ 0.31, P ҃ 0.02), and nҀ3 fatty acids (␤ ҃ 0.35, P ҃
0.007) at 22 y of age (data not shown). BMD of the spine measured at 22 y of age showed an independent significant relation
with DHA (␤ ҃ 0.28, P ҃ 0.03) and nҀ3 fatty acids (␤ ҃ 0.31,
P ҃ 0.01) (data not shown).
The independent association between concentrations of fatty
acids and the changes in BMD between 16 and 22 y of age and

between 22 and 24 y were also investigated. The concentrations
of different fatty acids were used as explanatory variables together with changes in weight, height, and physical activity during the same period. ⌬BMD of the spine between 16 and 22 y of
age was then found to be independently related to DHA (␤ ҃
0.28, P ҃ 0.03) and nҀ3 fatty acids (␤ ҃ 0.28, P ҃ 0.04)
measured at 22 y of age. Finally, ⌬BMD of the spine between 22
and 24 y of age was independently related to concentrations of
palmitoleic acid measured at 22 y of age (␤ ҃ 0.27, P ҃ 0.03).

FIGURE 1. Relation between docosahexaenoic acid and bone mineral
density (BMD) of the total body in 78 healthy young men.
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DISCUSSION

AN and PN collected the material. AN and MH collected background
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on the manuscript and approved the final version. None of the authors had any
conflicts of interest.
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The novelty of our study was in the measurement of fatty acids
in the serum phospholipid fraction in healthy men and their
association with BMD and bone accrual in our cohort. Our key
finding was a positive association between nҀ3 fatty acids and
BMD of the total body and spine and the accumulation of BMD
at the spine between 16 and 22 y of age in this cohort of healthy
young men.
To our knowledge, studies performed in humans that have
investigated the possible role of nҀ3 fatty acids in skeletal health
are sparse, and the few that do exist are supplement studies that
did not investigate the concentrations of PUFAs in serum. The
data from supplement studies in the elderly suggest that nҀ3
fatty acid intakes may promote BMD maintenance in this population. In one study, elderly postmenopausal women were given
a mixture of fish oil and evening primrose oil with a high content
of EPA and ␥-linolenic acid (GLA), whereas the control group
received coconut oil (11). After 18 mo, both groups had lower
concentrations of bone turnover markers such as osteocalcin and
deoxypyridinoline. In the group treated with GLA and EPA,
BMD at the lumbar spine was maintained and BMD of the femoral neck even increased. In the control group, BMD decreased
at both sites (11). However, it cannot be concluded from this
study whether nҀ3 or nҀ6 fatty acids or both are beneficial for
BMD. In another study, 20 calcium nephrolithiasis patients were
given a fish-oil supplement. The results included lower plasma
prostaglandin E2 concentrations, serum calcitriol concentrations,
and markers of bone resorption, whereas calcium resorption increased and calcium excretion decreased (21). Thus, it seems that
nҀ3 fatty acids might maintain bone density in the elderly, although the mechanism is not known, and the evidence thus far is
sparse at best. This was also confirmed in a large cohort study in
which food intakes of PUFAs were investigated in 1532 men and
women aged 45–90 y. The ratio of nҀ6 to nҀ3 fatty acids
showed a negative association with BMD of the hip in both men
and women (22). The effects of nҀ3 fatty acids on bone health
may be multifaceted. Postulated mechanisms include effects on
calcium absorption in the intestine, reductions in bone resorption
because of lower urinary excretion of calcium, and enhanced
synthesis of bone collagen (23–25). nҀ3 Fatty acids have also
been put forward as likely candidate inhibitors of the production
of cytokines such as interleukin 6, interleukin 1, and tumor necrosis factor, which are implicated in the pathogenesis of osteoporosis (26 –31).
No studies of the possible role of nҀ3 fatty acids in bone
mineral accrual in growing humans have been conducted. However, animal studies suggest that nҀ3 fatty acids may have a
positive role in this process. Iwami-Morimoto et al investigated
the influence of fish-oil supplementation (rich in nҀ3 fatty acids)
compared with that of corn oil (rich in nҀ6 fatty acids) on
experimental tooth development in rats. nҀ3 Fatty acid supplementation decreased the number of osteoclasts by 60% and alveolar bone resorption by 80% (13). Reinwald et al (32) found
that rats with nҀ3– deficient bone tissue had a high ratio of nҀ6
to nҀ3 fatty acids and diminished bone strength. Repletion with
dietary nҀ3 fatty acids restored the ratio of nҀ6 to nҀ3 fatty
acids in bone compartments and reversed compromised bone
modeling. In contrast, Claassen et al (25) found that growing rats
supplemented with increasing ratios of GLA to EPA (ie, nҀ6 to
nҀ3 fatty acids) had lower concentrations of bone resorption

markers and higher bone calcium contents than did control subjects supplemented with linoleic acid and ␣-linolenic acid.
The association between nҀ3 fatty acids and total and spine
BMD in our study seemed to mostly be due to the positive
correlation of a specific nҀ3 fatty acid, namely DHA, with both
BMD at 22 y of age and changes in BMD of the spine between 16
and 22 y. No studies have investigated the association between
serum concentrations of individual PUFAs and bone density in
humans. However, experimental animal studies of supplementation support our findings that DHA is positively related to bone
density and bone accrual. Kruger and Schollum (33) found that
DHA concentrations in red blood cell membranes were associated with BMD, and with calcium absorption in bone, in a cohort
of growing rats fed a semisynthetic diet supplemented with tuna
oil. Others have found that DHA increases intestinal calcium
ATPase activity and may affect calcium absorption through this
mechanism (34). Weiler and Fitzpatrick-Wong (35) found that
higher concentrations of plasma DHA were associated with lessened bone resorption in piglets fed diets containing different
ratios of nҀ6 to nҀ3 fatty acids. Thus, other experimental studies support our findings and clearly indicate a possible relation
between dietary supplementation with DHA and various bone
variables.
The present study had some limitations. The cohort studied
was not randomly selected from the general population, but
rather consisted of volunteers from high schools and sports clubs.
Therefore, inferences with respect to the general population
should be made with caution. No information on dietary patterns
was available, which may have been useful to further strengthen
the relation between fatty acids and BMD. We found relations
between changes in BMD and both palmitoleic acid and arachidonic acid. We have no certain theoretical explanation for these
findings. In this context it should be noted that, because many
correlations were tested, it is more than likely that some of the
significant correlations found may have been due to type I errors.
In conclusion, this was the first study to investigate the association between individual PUFAs, BMD, and bone mineral accrual. In a cohort of healthy young men, we found that concentrations of nҀ3 fatty acids, especially DHA, were positively
associated with peak BMD in the total body and spine and with
bone accrual in the spine. More studies are needed to confirm our
results and investigate the relation between individual PUFAs
and BMD further.
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