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Fatty acid pattern in serum is associated with bone mineralisation in healthy
8-year-old children
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Animal studies have shown that fatty acids (FA) are important for normal bone development. Human data are scanty and mostly related to dis-
eases. We hypothesised that serum FA pattern might be related to bone mineralisation in healthy children. Serum phospholipid FA pattern was
studied in relation to bone parameters in eighty-five healthy Caucasian 8-year-olds. Dual-energy X-ray absorptiometry and blood sampling for
analysis of serum phospholipid FA by capillary GLC were performed on the same day. SFA concentrations were associated with bone mineral
density (BMD) of the hip, lumbar spine and total body. There was a general trend that linoleic acid (LA; 18:2n-6) was negatively associated
with BMD, since that was found both for the LA concentration, the total n-6 concentration and the ratio of n-6:n-3 FA. Arachidonic acid
(AA; 20:4n-6) was positively correlated with bone mineral content (BMC) and BMD of total body, as was the corresponding z-score and the
AA:LA ratio. Both saturated and polyunsaturated serum phospholipid FA were associated with BMC and BMD in healthy children. LA and
AA were found to inversely influence bone mineralisation and the association with the n-6:n-3 ratio suggested that this balance might also be
of importance. The general trend of a negative influence of high n-6 FA concentrations on bone mineralisation might be of concern in relation
to the changes in the Western diet. Longitudinal studies are necessary to verify if different bone compartments and different grades of modelling

are related to different FA patterns.

Bone mineral density: Dual-energy X-ray absorptiometry: Linoleic acid: Arachidonic acid: DHA

In the Western world osteoporosis is an increasing problem,
and its background is only partly known'”. The modern
Western diet has changed markedly by substituting SFA
with PUFA, leading to a shifted composition of fatty acids
(FA) with high levels of n-6 FA resulting in an increased
ratio of n-6:n-3 FA®?. The two families of essential FA
(EFA), the n-6 and n-3 series, are represented by linoleic
acid (LA; 18:2n-6) and a-linolenic acid (18:3n-3), which
can be converted into long-chain PUFA of which the most
important are arachidonic acid (AA; 20:4n-6), EPA
(20:5n-3) and DHA (22:6n-3). These FA are of importance
for many biological functions in the body.

During childhood and adolescence the bone is achieved by
modelling and maintained by remodelling; thus the skeleton is
under constant renewal. Bone modelling is a process of con-
tinuous growth, creating the bone shape. This process involves
100 % of the bone surfaces, while only 20 % of the surface is
active at one time during the remodelling process. Although
hereditary factors have been suggested as the most important
for the individual bone mass, different nutrients have associ-
ations with bone mass®. The influence of FA on bone has
mainly been investigated in animals, indicating that EFA are

associated with the development of normal bone mass®.

Both n-6 and n-3 FA have been found to be related to bone
metabolism in animal studies®. The n-6 FA influence bone
resorption and accretion in a dose-dependent way and n-3
FA stimulate bone accretion®™®, affecting both trabecular
and cortical bone, partly by influencing the concentration of
AA, indicating the importance of a balanced diet for bone
formation®. PGE, and leucotrienes of the 4 series, major
products of AA, have been shown to affect bone formation
in a dose-dependent way; high levels stimulate bone resorp-
tion and low levels bone formation®”. Much of the effect
of FA might thus be related to their eicosanoid products.

Dietary fat may modulate the formation of bone in children.
Also cartilage is influenced by FA, since both LA and AA can
reduce collagen synthesis while EPA has a stimulating
effect’”. The balance might also be modulated by SFA, i.e.
in chicks given butter fat the rate of bone formation was
higher than in chicks given a diet high in n-6 FA!V.

One study has shown correlations between dietary FA and
bone mineral density (BMD) in healthy children'® and a
recent study has shown an association between serum concen-
trations of DHA and bone mass in adolescent males"?.
In cystic fibrosis a similar association between serum phos-
pholipid FA and bone formation was shown in children and
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FA, fatty acid; LA, linoleic acid; LS, lumbar spine; 25(OH)D, 25-hydroxy-vitamin D; TB, total body.
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adolescents but not in adults"*'>. In elderly and in patients
after renal transplantation associations between BMD and
FA have been reported'®!?.

The aim of the present study was to investigate if serum
phospholipid FA, reflecting habitual dietary fat intake, were
associated with BMD in a sample of healthy prepubertal
children.

Subjects and methods
Subjects

Eighty-five healthy Caucasian children (fifty boys), aged 8:2
(sD 0-34) years, were investigated. They represented a
subgroup, who accepted blood sampling, of ninety-six chil-
dren for whom BMD data have recently been reported(lg).
The children were representative of the general population
of this age, except that the parents had higher education
(49 % had university education compared with 22 % in the
whole country). The parents were given local anaesthetic plas-
ters (EMLA®; AstraZeneca AB, Sodertilje, Sweden) to apply
on the skin of the child 1h before blood sampling.

The study was approved by the Ethics Committee at the
University of Gothenburg (Gothenburg, Sweden) and per-
formed in accordance with the Helsinki Declaration; informed
consent was obtained from the parents and the children.

Anthropometric measurements

Height and body weight were measured using standardised
equipment. BMI (kg/m?) and standard deviation scores
(z-score) of height, Weight(lg’zo) and BMI®" were calculated.

Dual-energy X-ray absorptiometry

The dual-energy X-ray absorptiometry (DXA) measurements
were analysed using the Lunar DPX-IQ (GE Lunar Corp.,
Madison, WI, USA) as previously described"'®. Bone mineral
content (BMC) of total body (TB), BMD of TB, lumbar
spine L,-L4 (LS), total femur, and femoral neck and bone min-
eral apparent density of LS (volumetric BMD, bone mineral
apparent density) were determined. The reference values

obtained from the manufacturer were expressed in age- and
sex-matched z-scores except for femur, for which no data
were available.

Biochemical analyses

The blood samples were collected after an overnight fast on
the same morning as the DXA measurements were performed.
FA were analysed in serum phospholipids with capillary GLC
as previously described"®. Serum Ca and 25-hydroxy-vitamin
D (25(OH)D) were analysed according to routine (Sahlgrenska
University Hospital, Gothenburg, Sweden).

Statistical analyses

Student’s ¢ test and Pearson correlation coefficients were
used for continuous variables, which were approximately
normally distributed. Statistically significant difference was
set at P<<(0-05 (two-sided test). Stepwise multiple regression
analyses were used to analyse the relationship between
BMD and anthropometry, serum Ca, vitamin D and different
FA. Statistical analyses were performed with the statistical
software program SPSS® 14.0 for Windows (SPSS Inc.,
Chicago, IL, USA).

Results
Anthropometry

There were no significant differences between boys or girls,
the averages being for height, 131 (SD 6) cm (z-score 0-4),
weight 29 (sp 5) kg (z-score 0-7) and BMI 17 (SD 2) kg/m2
(z-score 0-4).

Bone measurements

The results of the DXA investigations are shown in Table 1.
Boys generally had higher values of bone measurements
than girls except for bone mineral apparent density in the
LS; however, no difference was found between the sexes
for BMDLs.

Table 1. Bone measurements in eighty-five healthy prepubertal childrent
(Mean values and standard deviations)

Total (n 85) Boys (n 50) Girls (n 35)
Mean sD Mean SD Mean SD P
BMC+s (9) 1047 185 1093 191 981** 157 0-006
BMD+g (g/cm?) 0-86 0-06 0-87 0-06 0-84* 0-05 0-016
BMD+g z-score 0-38 0-71 0-50 0-73 0-22 0-65 0-073
BMD, s (g/cm?) 0-69 0-08 0-69 0-08 0-69 0-07 0-755
BMD, g z-score —0-09 0-76 -0-13 0-80 -0-04 0-71 0-616
LoL4 width (cm) 311 0-26 319 0-24 2.99*** 0-25 0-001
BMAD (g/cm®) 0-28 0-04 0-28 0-03 0-30** 0-04 0-005
BMD+¢ (g/cm?) 0-78 0-09 0-81 0-09 0-73*** 0-06 0-001
BMDgy (g/cm?) 0-78 0-09 0-81 0-09 0-72*** 0-07 0-001

BMC, bone mineral content; TB, total body; BMD, bone mineral density; LS, lumbar spine; BMAD, bone mineral apparent

density; TF, total femur; FN, femoral neck.

Mean value was significantly different from that of the boys: * P<0-05, ** P<0-01, *** P<0.-001.

t These children are included in a previous report('®.
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Table 2. Concentration of major serum phospholipid fatty acids
(molar %) in eighty-five healthy 8-year-old children

(Mean values and standard deviations)

Mean sD
Myristic acid (14:0) 0-46 0-10
Palmitic acid (16:0) 30-24 0-73
Stearic acid (18:0) 13-08 0-84
Arachidic acid (20:0) 0-55 0-07
3 SFA 47-49 1.04
Palmitoleic acid (16: 1) 0-42 0-12
Oleic acid (18: 1) 9-31 1.16
Nervonic acid (24 : 1n-9) 2.93 0-36
3 MUFA 12-66 1.28
Linoleic acid (18:2n-6) 21.96 2.21
Di-homo-y-linolenic acid (20 : 3n-6) 3-03 0-51
AA (20:4n-6) 8-70 1.22
3 n-6 34-01 1.85
a-Linolenic acid (18:3n-3) 0-29 0-09
EPA (20:5n-3) 113 0-43
DHA (22:6n-3) 4.21 1.07
3 n-3 5.63 1.34
Mead acid (20:3n-9) 0-17 0-07
3, PUFA 39.76 1.70
AA:DHA (20:4:22:6) 218 0-53
n-6:n-3 6-40 1.70

AA, arachidonic acid.

Serum phospholipid fatty acids

The mean serum phospholipid concentrations of the different
FA are presented in Table 2.

No sex difference was found. In correlation analysis nervo-
nic acid (24:1n-9) and a-linolenic acid (18:3n-3) were sig-
nificantly correlated with weight (r 0266 (P=0-014) and
r —0-224 (P=0-040), respectively).

Biochemical analyses

Mean serum concentration of Ca was 2-48 (sp 0-06) mmol/l
(reference values 2-20-2-60). Serum 25(OH)D averaged 70-5
(sp 27-3) nmol/l (reference values 25-162nmol/l). Girls
had significantly higher serum values of Ca and 25(OH)D
than the boys (2:51 (sp 0-06) v. 2:46 (sp 0-05) mmol/l
(P<0-001) and 80-6 (sp 27-9) v. 63-5 (sp 24-8) nmol/l
(P=0-004), respectively). Serum Ca and vitamin D were
only associated with bone mineral apparent density (r 0-267,

P=0-014 and r 0-269, P=0-013, respectively), but the influ-
ence was not significant in the multiple regression analysis
adjusted for FA, sex, height and weight. Vitamin D (25(OH)D)
was negatively associated with stearic acid (18:0) (r —0-292;
P=0-007) but positively with LA and EPA (r 0-213, P=0-05
and r 0-221, P=0-043, respectively).

Correlations between fatty acids and bone measures

The associations between bone parameters and FA are shown
in Table 3. There was a weak but inverse relationship between
palmitic (16:0) and stearic (18:0) FA and the bone par-
ameters, and arachidic acid (20:0) was correlated with both
BMD and bone mineral apparent density of the LS. Positive
correlations were found for nervonic acid (24:1r-9) with
bone measures of TB and all measurements of the hip.
There was a general trend that LA was negatively associated
with BMD, since that was found both for the LA concen-
tration, the total n-6 concentration (which is mainly deter-
mined by LA) and the ratio of n-6:n-3 FA (Figs. 1 and 2).
AA was positively correlated with BMCrg and BMD+g, a
result supported by a positive correlation with the ratio of
AA:LA (Fig. 3 (a) and (b)) and that the corresponding
BMD-+g z-score also was correlated with this ratio (r 0-346;
P=0-001). Furthermore the ratio between AA and its precur-
sor di-homo-y-linolenic acid (DGLA; 20:3n-6), an index of
AS5-desaturase activity, was positively correlated with
BMCrg (r 0-222; P=0-041), BMDrg (r 0-318; P=0-003),
the corresponding z-score (r 0-330; P=0-002) and BMD gy
femur (7 0-229; P=0-036).

Since the strongest relationships with serum FA concen-
trations were found in the LS, a multiple regression analysis
was made adjusting for sex and anthropometric measures,
known to influence bone. The multiple regression analysis
showed that weight (P=0-005) and arachidic acid (P=0-023)
were independently and positively associated with BMDyg.
A weak but significant negative association was seen bet-
ween a-linolenic acid and total BMC. No correlations were
found between bone measurements and EPA, DHA, the ratio
AA:EPA or AA:DHA. When adjusting for differences in
body weight there was a significant correlation between
DHA and BMDyg in the children with the highest body
weight (>32kg) and a mean BMI >19 kg/mz, representing
the upper tertile of the children studied (Fig. 4).

Table 3. Correlation between major serum phospholipid fatty acids and bone parameters in eighty-five healthy 8-year-old children

BMDTB BMDLS Z-score BMAD BMDTF BMDFN

BMCrg () (g/cm?) z-score BMD+g (g/cm?) BMD, g (g/cm?®) (g/cm?) (g/cm?)

Palmitic acid (16:0) 0-165 0-178 0-175 0-213 0-208 0-073 0-266* 0-198
Stearic acid (18:0) —0-153 —0-274* —0-293** —-0-195 —-0-199 —0-053 —0-203 —0-140
Arichidic acid (20:0) 0-198 0-209 0-217* 0-290* 0-294* 0-286™* 0-222* 0-213
Nervonic acid (24 : 1n-9) 0.273* 0-229* 0.233* 0-162 0-168 0-022 0.227* 0-246*
Linoleic acid (18:2n-6) —-0-170 —0-251* —0-270* —0-283** —0-303** —-0-217* —0-207 —0-154
Arachidonic acid (20: 4n-6) 0-234* 0-326™* 0-323** 0-079 0-075 —0-048 0-187 0-126
a-Linolenic acid (18:3n-3) —0-216* —-0-152 —-0-116 0-035 0-066 0-135 —0-102 —-0-128
DHA (22:6n-3) 0-032 0-190 0-213 0-121 0-127 0-096 0-125 0-106
3 n-6 -0-072 -0-121 —0-150 —0-286** —-0-318** -0-271* —0-161 —0-140
3> n3 0-034 0-194 0-213 0-161 0-167 0-117 0-135 0-104
n-6:n-3 —0-064 —0-224* —0-255* —-0-197 —-0-215 —0-153 —0-148 -0-112

BMC, bone mineral content; TB, total body; BMD, bone mineral density;
* P<0-05, ** P<0-01.

LS, lumbar spine; BMAD, bone mineral apparent density; TF, total femur; FN, femoral neck.
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Fig. 1. The associations between total body bone mineral density (BMDg) and (a) the serum phospholipid concentration of linoleic acid (r —0-251; P=0-020) and
(b) the ratio of n-6:n-3 fatty acids (r —0-224; P=0-039) in eighty-five healthy 8-year-old children.

Discussion

The present study shows that n-6 FA was similarly associated
with bone mineralisation in humans as has been previously
shown in animals‘®. There seemed to be a different influence
of FA on BMD representing the TB and BMD representing the
LS, which might indicate different relationships of FA to cor-
tical and trabecular bone, since in the measurements of the TB
the cortical bone predominates (Table 3). This different influ-
ence, also by different FA, has also previously been noticed in
healthy children'® and in children with cystic fibrosis"®.

In TB skeleton there was a strong positive correlation with
AA and a weak negative correlation with LA and the ratio
n-6:n-3. In the LS, where trabecular bone is more apparent,
a negative correlation was found between the concentrations
of LA and total n-6 FA in serum phospholipids and BMD
and bone mineral apparent density, indicating that an excess
of n-6 FA might predispose for lower BMD in the LS.
A higher dietary ratio of n-6:n-3 FA has been found to
be associated with lower BMD in the hip in women and
in the spine of elderly women without hormone therapy'®.
In the LS there was no significant association with AA. These
findings might be of strong importance, since it is during
childhood that peak bone mass is achieved, determining the
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risk of osteoporosis later in life®®. The change of fat quality
in the Western diet towards higher amounts of n-6 FA might
in this context be of significant importance(2’3).

Studies have indicated that PGE, affects bone formation in
a dose-dependent way, stimulatory at low levels and inhibitory
at high levels, and therefore balanced levels of AA are import-
ant for bone formation'". Watkins e al. suggested that the
concentration of AA is especially important in the young,
since a moderate level of PGE, showed a stimulatory effect
on bone formation in the chicks, whereas a higher dose led
to a decreased rate of bone formation'"”. An increased
intake of n-6 FA would potentially increase AA and thereby
PGE, synthesis, which might further augment bone resorption.
Another possibility is that very high concentrations of LA
might inhibit A-6-desaturase leading to lower AA concen-
tration as suggested by Sprecherm). The positive association
between the ratio of AA:LA and total bone mineralisation
(Fig. 3 (b)) might support such interpretation. Since we
could not in the present study estimate the eicosanoids, we
cannot judge if the high LA was related to a high release of
AA, stimulating the AA cascade. This might be an important
focus for further studies.

FA pattern did not differ between boys and gitls at this age.
A correlation has been reported between dietary SFA and
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Fig. 2. The associations between bone mineral density of the lumbar spine (BMD,g) and (a) the serum phospholipid concentrations of linoleic acid (r —0-283;
P=0-009) and (b) total n-6 fatty acids (FA) (r —0-286; P=0-008) in eighty-five healthy 8-year-old children.
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Fig. 3. The associations between total body bone mineral density (BMDyg) and (a) the serum phospholipid concentration of arachidonic acid (AA) (r 0-326;
P=0-002) and (b) the ratio of AA:linoleic acid (LA) (r 0-342; P=0-001) in eighty-five healthy 8-year-old children.

BMD, measured in the forearm with single photon absorptio-
metry in healthy children and young adolescents"'?. A similar
correlation between palmitic acid in serum phospholipids and
BMD in the LS, that was found in our sample of healthy
children, has also been reported in children with cystic fibro-
sis". A similar association was not found in healthy adoles-
cent males"? or in adolescents and adults with cystic
fibrosis'*'?, suggesting that there might be age-related
influences of FA on bone modelling.

In young men between the ages of 16 and 22 years, both
positive associations of n-3 FA and BMD and a negative
association of the ratio n-6:n-3 on the increment of BMDy g
have been reported(m. An inverse relationship between the
AA:DHA ratio and BMDy g z-score has been reported in chil-
dren but not in adults with cystic fibrosis'* and DHA seemed
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Fig. 4. The associations between DHA and bone mineral density of the lum-
bar spine (BMD_s) in eighty-five healthy children, grouped by tertile of body
weight: (O), tertiles 1 and 2 (r —0-062; P=0-636); (®), tertile 3 (body weight
=32kg) (r0-417; P=0-043).

to be connected to the modelling of bone since this association
was the only one related to the final modelling in adolescents
with cystic fibrosis"'> and in healthy adolescents"®. Such
association might relate to our finding of an interaction
between weight and DHA concentration on the BMD in the
LS. The correlation between BMD; g and the DHA concen-
trations in serum was only significant in the biggest children,
representing the highest tertile of weight and BMI (r 0-417;
P=0-043).

Studies in rats given isoenergetic diets only differing in the
quality of EFA during pregnancy and lactation have shown
that the bone in the adult offspring differed in relation to the
EFA amounts or different ratios of n-6:n-3 supplied only
during the perinatal period”"®. In these studies a balanced diet
with a relatively high ratio of n-6:n-3 FA was associated with
the highest BMD in the adult offspring(g), while a deficiency
of both n-6 and n-3 FA was associated with decreased BMD
in the adult animals'”. This suggests a programming into adult
life by the influence of FA. The findings indicated a possible
influence on gene expression®”, which might by imprinting in
early life regulate bone formation in the adults. That also
raises the question if epigenetics by dietary factors have to be
considered as risk factors for osteoporosis>>, challenging the
current view that bone mass is mainly determined by genes.

Vitamin D was only correlated to bone mineral apparent
density but the influence disappeared in multiple regression
analysis after adjusting for FA, sex, height and weight. The
inverse correlations between vitamin D (25(OH)D) and stearic
acid (18:0) on the one hand, and LA and EPA on the other,
might illustrate the associations between vitamin D and food
intake.

In summary, the present study of healthy prepubertal chil-
dren shows that the n-6 FA, linoleic acid and AA, in serum
correlated with BMD in an opposite pattern, more expressed
as a difference impact on BMD of the TB and the LS. It also
suggests that an overload of n-6 FA was associated with lower
BMD. Also influences of SFA were suggested. It would be
most interesting if FA could be determined in the bone
tissue, since it is well known that serum concentrations of
FA are not congruent with all other tissues.

An association between FA and bone parameters during
growth as reported in the animal experimental literature® is
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corroborated by the present study. The results indicate a com-
plex interaction of different FA, which might be associated
with different modelling of the skeleton. This is suggested
by the specific association between DHA and bone growth
during adolescence as previously reported'*'> and supported
by the association found in the biggest children in the present
study. Also the associations between bone density and SFA
found by us and others"'?, and the dose-dependent relation-
ship between LA and its longer derivative, AA, precursor to
PGE,, which has been indicated as one major modulator of
bone growth in animals'", were corroborated in the present
study. We found no associations with EPA or the AA:EPA
ratio although animal studies have indicated their importance
for bone formation by modulating PGE, synthesis®. The
results have to be confirmed in larger and longitudinal studies
to find if there is a dynamic influence of different FA on the
skeletal development and if there are long-term effects by
imprinting as indicated by the animal studies.
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