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Abstract

Summary Previous studies are suggestive of the protective role of uric acid on bone in the middle-aged and elderly. Whether this
association exists in younger individuals has not been examined. This investigation showed a significant positive association
between serum uric acid and bone parameters among Iranian adolescents.

Introduction Uric acid (UA) might be linked to bone health, but it is unclear whether its effects on bone are limited to certain
population subgroups. This study is aimed at investigating the correlation between serum uric acid levels and bone mineral
density (BMD) in Iranian adolescents.

Methods This cross-sectional study was conducted on 413 (221 girls and 192 boys) Iranian adolescents aged 9-19 years. An
analysis of anthropometric, biochemical parameters and bone density was performed on the participants. Measurements included
serum uric acid, calcium, phosphorus, alkaline phosphatase, albumin, and vitamin D. They were divided according to their serum
UA into the low UA group who had UA <6 mg/dL and the high UA group with UA > 6 mg/dL. BMD and bone mineral content
(BMC) were measured in the total body, lumbar spine, and left femoral neck, using dual energy X-ray absorptiometry (DXA),
and bone mineral apparent density (BMAD) was calculated.

Results A Pearson correlation analysis revealed a significant correlation between UA and bone parameters. In multiple regression
analyses adjusted for potential confounders, serum UA was proven to be associated with BMD and BMC at all sites. There was
no association between UA, serum calcium, and vitamin D concentrations.

Conclusion Our study, as the first research on adolescents, demonstrated a higher bone density in those who had higher UA
levels.
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Introduction

Peak bone mass acquisition which is affected by both ge-
netic and environmental factors is established during ado-
lescence. Indeed, maximum bone mass and further bone
loss are two important determinants of osteoporosis devel-
opment in later life period [1, 2]. An increasing number of
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recent studies have shown that oxidative stress has adverse
effects on bone health and might play a role in the patho-
genesis of osteoporosis [3, 4]. In vitro, reactive oxygen
species are able to suppress the osteoblast generation and
development, and on the other hand, it enhances osteoclast
differentiation and activity [3]. Likewise, in the
Framingham osteoporosis study, antioxidants such as vita-
min C and carotenoids revealed to have bone protective
effects [5]. Recent literature review have suggested that
UA which has historically been viewed as a waste by prod-
uct, might actually be beneficial for bone metabolism
through its antioxidant effects [6]. However, the impor-
tance of UA, as a potent antioxidant in humans, is still
controversial and the results of previous studies were in-
conclusive. In this regard, some of the cross-sectional sur-
veys revealed greater BMD and lower prevalence of oste-
oporosis in middle-aged and older individuals with higher
serum uric acid levels [6—8]. In addition, it was suggested
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that uric acid, through its dual suppressive effects on vita-
min D activation or parathyroid hormone (PTH) produc-
tion, might be linked to bone health [9].

Objectives

Up to now, the exact role of UA in the musculoskeletal system
has not been fully explained. Meanwhile, whether serum UA
is independently associated with bone mineral density in the
general population or its beneficial bone effects are limited to
certain population subgroups still needs to be answered. To
the best of our knowledge, no study has been performed in this
regard among adolescents. For this reason, the present re-
search was designed to examine the relationship between se-
rum UA and BMD in Iranian adolescents.

Patients and methods

This cross-sectional study was conducted in the county of
Kawar. It is a community with an urban structure situated
50 Km east of Shiraz, the capital of Fars province, southern
Iran, during 2010-2011. The data used in this analysis were
from the baseline phase of the study which aimed to provide
the first reference values for BMC and BMD in Iranian ado-
lescents [10].

Subjects

Our participants were selected from girls and boys aged 9—
19 years. After applying an age-stratified systematic random
sample of 7.5%, using systematic random sampling method,
eventually, 413 participants (221 girls and 192 boys) were
enrolled in this research. The exclusion criteria were having
any disease or using medication which could affect bone den-
sity or serum UA level, such as renal failure; endocrine, rheu-
matologic, and musculoskeletal disorders; or consumption of
allopurinol, glucocorticoids, anticonvulsant drugs, and contra-
ceptives. The study protocol was approved by the local Ethics
Committee of Shiraz University of Medical Sciences. After
explaining the research objectives, written informed consents
were obtained from the participants’ parents/guardians.

Anthropometric measurements and Tanner stage

The participants were referred to the healthcare center where
they answered a short health questionnaire. Parents/guardians
helped the younger children to answer the questions. Body
weight was measured using a standard scale (Seca,
Germany), while they wore light clothes and no shoes.
Height was measured while they were in the upright position
and barefooted using a wall-mounted meter. The weight and
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height values were rounded to the nearest 0.1 Kg and 0.5 cm,
respectively. Body mass index (BMI) was calculated for each
person as the body weight in kilogram divided by height in
meters squared. Next, they were divided into two groups ac-
cording to their calculated BMI centile values, determined
based on their own BMI cut-off points [11] and also age and
gender-specific cut-off points, as defined by the IOTF [12].
Group 1 was considered normal (BMI<85th centile), and
group 2 was overweight or obese individuals (BMI > 85th
centile). We also stratified the participants according to the
recommendation by the American College of Sports
Medicine into those with fewer and those with more than three
times physical activity per week [13]. The Tanner puberty
classification was determined by an endocrinologist, and chil-
dren at stages I and II were classified as pre-early puberty,
those at stages III and IV as mid puberty, and children at stage
V were classified as full puberty.

Bone densitometry

Bone mineral density (g/cm2) and bone mineral content (g) in
the total body, lumbar spine, and left femoral neck were mea-
sured using the Hologic system (Discovery QDR, USA). All
measurements were performed on the same machine by an
experienced operator in accordance with standardized proce-
dures for subject positioning. Coefficients of variation based
on preliminary measurements in 10 participants were 2.4%
for BMD of the femoral neck, 0.51% for the lumbar spine,
and 1% for the total body. The measurements were in accor-
dance with international standards. In order to overcome the
effect of bone size on BMD and BMC interpretation, bone
mineral apparent density for the lumbar spine (LS BMAD)
and the femoral neck (FN BMAD) was calculated to estimate
the bone density per unit volume according to the following
equations [14]:

LS BMAD (g/cm’) = BMC of L2-L4/area'”
FNBMAD (g/cm?) = BMC of femoral neck /area’

Laboratory data

Venous blood samples were collected during early morn-
ing after an overnight fasting. Serum separation was per-
formed immediately and kept frozen at —70 °C until
assayed. Biochemistry included serum uric acid, total cal-
cium, phosphorus, alkaline phosphatase, and albumin.
Serum calcium values were adjusted for circulating albu-
min levels. All of the tests were performed in the
Endocrinology and Metabolism Research Center of
Shiraz University of Medical Sciences, using standard
techniques on a Dirui autoanalyzer (Dirui, CS-T240,
China). The serum level of 25-hydroxy vitamin D
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(250HD) was measured by high-performance liquid chro-
matography (Young Lee 9100, South Korea).

Statistical analysis

Statistical analysis included student’s ¢ test which was used for
comparing the mean levels of anthropometric, body composi-
tion, and bone density parameters. A Chi-square test was used
for comparison of categorical variables. Pearson’s linear cor-
relation was used for the analysis of correlation. Multiple re-
gression analysis was used to evaluate the influence of differ-
ent factors on bone parameters at different sites. Data were
analyzed using SPSS v. 18 software (Chicago, IL, USA). A
P value of < 0.05 was considered to be statistically significant.

Results

This cross-sectional study included 413 participants, 192
(46.5%) boys and 221 (53.5%) girls, aged 9-19 years with a
mean age of 13.99 +2.63 years. Basal characteristics of the
studied participants, including their anthropometric measure-
ments, serum biochemistry, and bone parameters are present-
ed in Table 1.

Uric acid had a mean level of 5.60+1.25 mg/dL for the
total participants (5.28 + 1.07 in girls and 5.96 + 1.34 in boys).
In total, 84.5% of the subjects had normal BMI (< 85th
centile), and only 15.5% were overweight or obese (>85th
centile). Severe vitamin D deficiency (< 8 ng/mL) was present
in 5.8%, while deficient (> 8 ng/mL and <20 ng/mL), insuf-
ficient (>20 ng/mL and < 30 ng/mL), and sufficient (> 30 ng/
mL) levels were detected in 78.4%, 13.8%, and 2%, respec-
tively. The subjects were stratified according to their serum
UA into low (<6 mg/dL) and high (> 6 mg/dL) UA groups.
Those in the high UA group were older and had a higher BMI,
but there were no differences between the two groups regard-
ing the stage of puberty, vitamin D, corrected calcium, and
phosphorus concentrations. Serum levels of albumin and al-
kaline phosphatase were significantly higher among those
with higher UA concentrations. Pubertal status was appropri-
ate for age in all subjects; all girls over 14 years of age had
experienced menarche and all boys over 14 years had a Tanner
stage grade of 3 or more. There were no significant differences
between the low and high UA groups regarding the frequency
of self-reported fractures.

Except for LS BMAD, all other bone parameters showed
significantly higher values in the high UA group. The Pearson
correlation test also showed a significant correlation between
UA and bone parameters at all sites. On univariate analysis,
serum vitamin D and corrected calcium levels had no signif-
icant association with the bone parameters in either skeletal
site, but there was a significant relationship between bone
parameters, gender, age, BMI, stage of puberty, serum UA,

and physical activity of the participants. In multiple regression
analysis after adjustment for gender, age, BMI, puberty stage,
and physical activity of the subjects, the serum UA level
remained positively correlated with skeletal parameters at all
sites.

Moreover, 65% of those in the high uric acid group were
male, 63% of those with low uric acid were female and also
those in the high uric acid group had greater BMI values.
Therefore, in order to determine the potential confounding
effects of gender and BMI, further analysis was done for each
gender and then in the two BMI groups (< 85th centile and >
85th centile) separately. At first, the adjusted regression anal-
ysis after splitting for gender revealed a significant association
ofuric acid and bone parameters in both genders again, except
for LS BMC and FN BMC in girls and LS BMC, FN BMAD
and Z-scores in boys. Furthermore, splitting of our subjects
according to their BMI groups also showed a significant rela-
tionship between uric acid and most of the bone indices
(Tables 2 and 3).

Finally, we concurrently repeated our analysis after split-
ting the participants according to their gender and BMI. This
subgroup’s analysis clearly revealed positive association be-
tween UA and bone parameters in girls with BMI < 85th
centile and in boys who had BMI > 85th centile (Tables 4
and 5).

Discussion

This study is aimed at examining the potential link between
bone density and serum UA levels in adolescents, showing a
significant association between them. To the best of our
knowledge, this is the first research on this issue among
adolescents.

Although hyperuricemia, through endothelial cell damage,
has been associated with deleterious effects such as insulin
resistance, heart failure, and renal disease [15], its role in mus-
culoskeletal health is controversial. There is an increasing
body of evidence stating that higher serum uric acid levels
have a protective role against bone loss in old people. For
example, Nabipour et al. in their population-based research
on men > 70 years showed higher BMD, lower prevalence
of fractures, and lower levels of bone resorption markers in
subjects who had higher serum UA concentrations [6].
Several other reports also revealed lower prevalence of oste-
oporosis and higher BMD in those who had higher serum UA
levels [7, 8]. Hence, it has been hypothesized that UA has
beneficial effects on the bone health only in older people
who have higher rates of bone resorption. Also, in spite of
the studies that were in favor of beneficial influence of UA
on the bone health, there are a few reports that did not confirm
this point [16, 17].
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Table 1 Basal characteristics of
all of the participants and in the
high and low uric acid groups

Table 2 Association between
serum UA and bone parameters
adjusted for age, BMI, puberty
category, and exercise status of all
of the participants, and after
splitting them for gender
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All Serum uric acid <6 mg/ Serum uric acid >6 mg/ P
dL dL value

Sex F: 221 F: 172 F: 49 0.0001

M: 192 M: 100 M: 92
Age (year) 13.99+£2.63 13.80+£2.70 14.37+£2.46 0.03
Weight (kg) 43.83+£13.29 41.12+£11.58 49.09+14.79 0.0001
Height (cm) 154.93 £14.00 152.89+13.15 158.89+14.76 0.0001
BMI (kg/m?) 17.87+3.27 17.28 £2.94 19.01 £3.57 0.0001
Vitamin D (ng/mL) 15.25+£5.67 15.29+5.39 15.18+6.20 0.86
Corr. calcium 9.22+0.52 9.19+0.53 9.26+0.50 0.26

(mg/dL)

Phosphorus (mg/dL)  4.04+0.75 4.06+0.83 4.01+0.57 0.52
Albumin (g/dL) 4.84+0.49 4.81+0.49 4.92+0.50 0.03
ALP (U/L) 367.96 +185.83 350.23 £181.06 404.62+191.06 0.01
UA (mg/dL) 5.60+£1.25 4.88+0.78 6.99+0.68 0.0001
Exercise Yes: 136 Yes: 72 Yes: 64 0.003

No: 277 No: 189 No: 88
Total BMD (g/cm?) 0.88+0.11 0.86+0.11 0.91+0.11 0.0001
FN BMD (g/cm?) 0.71+0.13 0.69+0.12 0.76 013 0.0001
LS BMD (g/cm?) 0.85+0.17 0.84+0.17 0.88+£0.17 0.044
Total BMC (g) 1481.40+441.51  1404.33+394.96 1630.06 £487.74 0.0001
FN BMC (g) 3.45+0.88 3.29+0.78 3.77+0.96 0.0001
LS BMC (g) 41.88+£16.40 40.27+15.85 44.99+17.04 0.005
Total Z-score -0.83+£0.92 -0.94+0.92 -0.61+0.87 0.001
FN Z-score -1.14+£1.09 -130+1.15 -0.84+0.89 0.0001
LS Z-score -1.01+£1.04 -1.10+£1.08 -0.85+0.95 0.023
Total BMAD (g/cm®)  0.88+0.12 0.86+0.12 091+0.11 0.0001
FN BMAD (g/cm’) 0.15+0.02 0.14+0.02 0.15+0.02 0.0001
LS BMAD (g/em’) 0.20+0.03 0.20+0.03 0.20+0.03 0.70

Data are given as mean =+ SD

F, female; M, male; BMI, body mass index; Corr: calcium, corrected calcium; ALP, alkaline phosphatase; UA, uric
acid; F'N, femoral neck; LS, lumbar spine

All Girls Boys

3 p R ey p 'S len p s
LS BMC (g) 0.11 0.002 0.55 0.08 0.08 0.57 0.1 0.06 0.56
LS BMD (g/cm?) 0.11 0.001 0.61 0.1 0.021 0.64 0.12 0.022 0.58
LS BMAD (g/em®) 0.11 0.006 0.46 0.13 0.006 0.55 0.14 0.045 0.26
FN BMC (g) 0.13 0.0001 0.55 0.09 0.08 0.47 0.11 0.05 0.51
FN BMD (g/cm?) 0.14 0.0001 0.48 0.14 0.008 0.48 0.13 0.038 0.39
FN BMAD (g/cm’) 0.11 0.026 0.17 0.16 0.009 0.28 0.11 0.14 0.07
Total BMC (g) 0.15 0.0001 0.65 0.1 0.012 0.67 0.14 0.004 0.64
Total BMD (g/cm?) 0.13 0.0001 0.61 0.12 0.007 0.64 0.15 0.006 0.58
Total BMAD (g/cm®) 0.12 0.001 0.55 0.12 0.007 0.64 0.12 0.046 0.46
LS Z-score 0.16 0.002 0.12 0.26 0.0001 0.21 0.1 0.22 0.07
FN Z-score 0.1 0.050 0.14 0.14 0.038 0.14 0.07 0.34 0.08
Total Z-score 0.13 0.012 0.13 0.25 0.0001 0.19 0.05 0.5 0.09

LS, lumbar spine; FN, femoral neck
 Standardized 3 coefficient
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Table 3 Association between

serum UA and bone parameters All BMI < 85th centile BMI > 85th centile

adjusted for gender, age, pube

caiegory, andg exercisegstatrl)ls opyall oy P R I P R I P R

of the participants, and after

splitting them for BMI LS BMC (g) 0.11 0.002 0.55 0.1 0.011 0.55 0.2 0.055 0.53
LS BMD (g/cm?) 0.11 0.001 0.61 0.1 0.005 0.60 0.2 0.049 0.61
LS BMAD (g/cm’®) 0.11 0.006 0.46 0.1 0.017 0.53 0.2 0.11 0.31
FN BMC (g) 0.13 0.0001 0.55 0.12 0.002 0.54 0.23 0.031 0.56
FN BMD (g/cm?) 0.14 0.0001 0.48 0.13 0.003 0.46 0.23 0.037 0.51
FN BMAD (g/cm’) 0.11 0.026 0.17 0.1 0.06 0.14 0.16 0.22 0.30
Total BMC (g) 0.15 0.0001 0.65 0.14 0.0001 0.65 0.21 0.024 0.64
Total BMD (g/cm?) 0.13 0.0001 0.61 0.11 0.003 0.61 0.25 0.012 0.61
Total BMAD (g/cm®) 0.12 0.001 0.55 0.1 0.012 0.53 0.25 0.012 0.61
LS Z-score 0.16 0.002 0.12 0.14 0.012 0.07 0.37 0.01 0.21
FN Z-score 0.1 0.050 0.14 0.08 0.13 0.10 0.3 0.044 0.15
Total Z-score 0.13 0.012 0.13 0.11 0.041 0.06 0.26 0.09 0.08

BMI, body mass index; LS, lumbar spine; N, femoral neck

 Standardized (3 coefficient

However, several possible mechanisms have been sug-
gested to explain the association between bone health and
UA. One proposed mechanism is the potential antioxidant
effects of uric acid, which in turn might inhibit osteoclastic
bone resorption and promote bone formation [3]. For exam-
ple, Dong et al. suggested that the increased serum uric acid
could accelerate the recovery of fractures via its antioxidative
effects [18].

Table 4  Association between serum UA and bone parameters adjusted
for age, puberty category, and exercise status of the participants after
concurrent splitting them for gender and BMI (girls and boys with
BMI < 85th centile)

Furthermore, the effect of elevated serum UA on 250HD
metabolism has been suggested as another mechanism, which
links UA with osteoporosis. In fact, hyperuricemia and vita-
min D deficiency are recognized as major public health con-
cerns worldwide. Whereas several studies have detected an
inverse relationship between them, other published reports
have shown a positive or even no association [6, 19-21].
For example, Takir et al. showed lower vitamin D levels only

Table 5  Association between serum UA and bone parameters adjusted
for age, puberty category, and exercise status of the participants after
concurrent splitting for gender and BMI (girls and boys with BMI>
85th centile)

BMI < 85th centile BMI < 85th centile

BMI > 85th centile BMI > 85th centile

Girls Boys Girls Boys

/op R F p R g p R 3 R
LS BMC (g) 0.1 0.052 057 007 024 0.56 LS BMC (g) 0.01 09 057 032 0.037 0.61
LS BMD (g/cm?) 0.11  0.02 062 0.08 0.13 059 LS BMD (g/cm?) 0.06 0.6 0.67 033 0.04 0.56
LS BMAD (g/cm®) 0.13 0.013 054 008 021 0.44 LS BMAD (g/cm®) 0.16 02 059 05 0.038 0.18
FN BMC (g) 0.08 0.15 043 0.09 0.12 0438 FN BMC (g) 0.16 028 045 022 0.16 0.61
FN BMD (g/em?) 0.15 0.011 042 0.09 0.18 0.36 FN BMD (g/cm?) 0.1 047 052 036 0.04 0.58
FN BMAD (g/em®) 02 0.006 020 005 0.5 0.07 FN BMAD (g/em®) 0.02 09 044 044 0.047 031
Total BMC (g) 0.11 0.014 0.65 0.12 0.02 0.63 Total BMC (g) 008 047 066 024 0.08 0.67
Total BMD (g/cm?) 0.11 0.016 0.63 0.11 0.046  0.57 Total BMD (g/cm?) 0.16 018 0.62 035 0012 0.70
Total BMAD (g/cm®) 0.11 0016 0.63 009 016 043 Total BMAD (g/cm®) 0.16 0.17 062 035 0.012 0.70
LS Z-score 0.26 0.001 0.14 0.05 05 0.04 LS Z-score 041 002 025 045 0047 028
FN Z-score 0.13  0.07 0.05 0.03 0.7 0.04 FN Z-score 023 023 013 041 007 0.27
Total Z-score 0.28 0.0001 0.08 0.004 09 0.05 Total Z-score 0.13 05 005 051 0.038 023

BMI, body mass index; LS, lumbar spine; FN, femoral neck
# Standardized 3 coefficient

BMI, body mass index; LS, lumbar spine; FN, femoral neck
# Standardized 3 coefficient
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in old hyperuricemic females, especially those who had severe
vitamin D deficiency [19]. To explain this relationship, there
are some reports which indicate a direct effect of UA on
250HD metabolism by inhibiting 1x-OH activity, leading to
higher PTH and lower 1,25-dihydroxy vitamin D
(1,250H2D) levels [9]. Similarly, Hsu and colleagues showed
that sodium urate infusion in rats inhibited the calcitriol syn-
thesis [22].

In the present study, we found no correlation between serum
UA and vitamin D concentrations, although a significant num-
ber of our subjects were vitamin D deficient or insufficient.
Therefore, the likelihood of an association between UA and
vitamin D metabolism was not supported in our study. Of note,
it has been shown that conversion of 250HD to 1,250H2D is
substrate independent in individuals with normal renal function
and in the absence of severe vitamin D deficiency [23]. Thus,
our findings might be due to the degree of vitamin D deficiency
in the participants. Meanwhile, it should be noted that the pri-
mary enzymes for UA and 250HD production are abundantly
found in the hepatocytes. Therefore, it is possible that old peo-
ple in previous reports who had lower UA levels had greater
age-related impairment of the liver function, which manifested
as both decreased production of uric acid and defective hydrox-
ylation of vitamin D [24].

In addition, other investigations have found a positive re-
lationship between UA and PTH in healthy subjects [25].
Hence, this relationship might be another explanation for
some of the observed metabolic changes associated with os-
teoporosis. Indeed, PTH involvement in renal handling of UA
was proposed by some authors and urate transporter 1 was
considered a potential candidate site [26, 27]. For example,
hyperuricemia was stated as a side effect of recombinant PTH
treatment [28] and patients who had PTH resistance at the
renal tubules usually have reduced serum UA [27]. Also,
hyperparathyroid subjects usually have high FGF23 and UA
levels which decrease after surgical treatment [29, 30].

It is noteworthy that a recent study performed on children
suggested a direct relationship between FGF23 and UA, inde-
pendent of PTH effect [31]. Gutierrez et al. also showed a
direct association between UA and FGF23 levels, regardless
of age [32]. Taken together, the correlation between serum
uric acid and bone metabolism might be explained by other
possible factors. Although we did not measure PTH in our
subjects, there was no significant correlation between UA
and calcium or phosphorous concentrations in our study.
This finding was in contrast to Valdemarsson et al. study
who observed a positive correlation between the serum UA
and serum calcium levels in patients with primary hyperpara-
thyroidism [33]. However, further studies are warranted to
elucidate the potential mechanisms of this association.

Other findings of our investigation consisted of a signifi-
cant positive association between UA and BMI, and on the
other hand, between UA level and BMD, even after
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adjustment for BMI. In fact, BMI has been considered an
important modifiable risk factor for hyperuricemia [34], and
their positive relationship has been shown among adult indi-
viduals in several investigations [35]. On the contrary, there
are few reports about the relationship between UA and obesity
in children and adolescents [36]. Our study revealed a signif-
icant association between UA and obesity in this age group.
Although purine metabolism in the adipose tissue has not been
defined clearly, it is possible that impaired adipocyte function
in obese subjects could lead to increased production of uric
acid. In this regard, experimental studies on mice have shown
that the adipocytes have abundant expression of xanthine ox-
idoreductase (XOR) activity which can result in higher UA
levels [37]. In addition, it has been suggested that XOR might
play a role in differentiation of the adipocytes in obese sub-
jects [38]. Tamba et al. also showed a significant association
between visceral fat area and adiponectin concentration with
the serum UA level and lowering UA after reducing the vis-
ceral fat [39]. Moreover, other reports attributed the hyperuri-
cemia in obese individuals to an impaired renal excretion of
UA rather than its overproduction [40].

However, the influence of obesity on bone density is still
controversial. Whereas some reports showed a reverse rela-
tionship between adiposity and bone metabolism, other re-
ports have indicated a protective role of overweight against
osteoporosis. For example, Cervellati et al. demonstrated an
inverse relationship between BMI and BMD in postmeno-
pausal women [41], but Nabipour et al. reported a positive
association between them in old men [6]. Muka et al. found
no modification effect by BMI for the association of UA with
bone parameters [42]. Similarly, we observed a significant
relationship between UA and bone health indices even after
splitting our subjects based on their BMI. However, after con-
current splitting of our subjects on the basis of their gender and
BMI, the association between UA and bone parameters in
girls remained significant in those who had BMI < 85th centile
and in boys with BMI > 85th centile in most studied areas.
Therefore, it could be suggested that the effects of UA and
BMI on the bone might be gender dependent. However, this
point of view needs to be investigated thoroughly in later
studies.

Lastly, the UA levels and its effects on the bone health
might vary among different ethnicities. In this regard,
Cauley et al. in a large population-based study reported race/
ethnicity as the strongest determinant of BMD in older men
[43]. Also, the positive correlation of UA and BMD was re-
ported in both cross-sectional and longitudinal studies on
middle-aged and older subjects in Asian population [7, 8],
but not in Western people [16, 17]. Moreover, epidemiological
studies suggested a strong genetic influence upon serum UA
concentrations. Indeed, genome-wide association studies ex-
hibited that up to 73% of UA variations could be explained by
the genetic background [21, 26, 44]. Therefore, other potential
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causes for disparity in various studies might be due to different
ethnicities and genetics of their participants or differences of
potential cofounder variables considered in previous studies.
However, the UA-bone association in specific population sub-
sets and in a variety of populations worldwide requires further
investigation before reaching a conclusive result.

Our study had some limitations including its cross-
sectional design which limits the inferences regarding causa-
tion and temporality. In addition, we did not evaluate other
potential antioxidants such as dietary intake of calcium, veg-
etable, and fruit in the participants. Also, we did not measure
GFR and PTH levels in this investigation.

Conclusion

This research on adolescents showed the significant associa-
tion of UA with BMD, similar to older subjects. Therefore, the
hypothesis that UA has beneficial effects only on older indi-
viduals who are at a higher risk of bone loss was not supported
in our study. However, our results indicated the need for fur-
ther basic studies to evaluate the relative importance of UA in
bone metabolism over long term and in different age groups.
Also, it is necessary to determine the potential level of serum
UA which would be beneficial for bone health without dele-
terious effects.

Acknowledgments The authors would like to thank all the colleagues
working on the project, especially the staff of the Endocrinology and
Metabolism Research Center of Shiraz University of Medical Sciences,
for their cooperation. The authors also wish to thank Mr. H. Argasi at the
Research Consultation Center (RCC) of Shiraz University of Medical
Sciences for his assistance in editing this manuscript.

Funding This work was financially supported by the research Vice
Chancellor of Shiraz University of Medical Sciences (grant number
9591).

Compliance with ethical standards

Ethical approval All procedures performed in this study were in accor-
dance with the ethical standards of the institutional and/or national re-
search committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Conflicts of interest None.

References

1. Michael AL (2012) Assessing bone health in children and adoles-
cents. Indian J Endocrinol Metab 16(Suppl 2):S205-S212. https://
doi.org/10.4103/2230-8210.104040

2. Ashouri E, Meimandi EM, Saki F, Dabbaghmanesh MH, Omrani
GR, Bakhshayeshkaram M (2015) The impact of LRP5 polymor-
phism (rs556442) on calcium homeostasis, bone mineral density,

10.

11.

12.

13.

14.

15.

16.

17.

and body composition in Iranian children. J Bone Miner Metab
33(6):651-657. https://doi.org/10.1007/s00774-014-0624-4

Bai XC, Lu D, Bai J, Zheng H, Ke ZY, Li XM et al (2004)
Oxidative stress inhibits osteoblastic differentiation of bone cells
by ERK and NF-kappaB. Biochem Biophys Res Commun 314:
197207

Lee YJ, Hong JY, Kim SC, Joo JK, Na YJ, Lee KS (2015) The
association between oxidative stress and bone mineral density ac-
cording to menopausal status of Korean women. Obstet Gynecol
Sci 58(1):46-52. https://doi.org/10.5468/0gs.2015.58.1.46

Sahni S, Hannan MT, Blumberg J, Cupples LA, Kiel DP, Tucker
KL (2009) Inverse association of carotenoid intakes with 4-y
change in bone mineral density in elderly men and women: the
Framingham Osteoporosis Study. Am J Clin Nutr 89(1):416-424.
https://doi.org/10.3945/ajcn.2008.26388

Nabipour I, Sambrook PN, Blyth FM, Janu MR, Waite LM,
Naganathan Vet al (2011) Serum uric acid is associated with bone
health in older men: a cross-sectional population-based study. J
Bone Miner Res Off ] Am Soc Bone Miner Res 26(5):955-964.
https://doi.org/10.1002/jbmr.286

Ishii S, Miyao M, Mizuno Y, Tanaka-Ishikawa M, Akishita M,
Ouchi Y (2014) Association between serum uric acid and lumbar
spine bone mineral density in peri- and postmenopausal Japanese
women. Osteoporos Int 25(3):1099-1105. https://doi.org/10.1007/
s00198-013-2571-7

Kim BJ, Baek S, Ahn SH, Kim SH, Jo MW, Bae SJ et al (2014)
Higher serum uric acid as a protective factor against incident oste-
oporotic fractures in Korean men: a longitudinal study using the
National Claim Registry. Osteoporos Int 25(7):1837—1844. https://
doi.org/10.1007/s00198-014-2697-2

Chen W, Roncal-Jimenez C, Lanaspa M, Gerard S, Chonchol M,
Johnson RJ et al (2014) Uric acid suppresses 1 alpha hydroxylase
in vitro and in vivo. Metabolism 63:150-160. https://doi.org/10.
1016/j.metabol.2013.09.018

Jeddi M, Roosta MJ, Dabbaghmanesh MH, Ranjbar Omrani G,
Ayatollahi SM, Bagheri Z et al (2013) Normative data and percen-
tile curves of bone mineral density in healthy Iranian children aged
9-18 years. Arch Osteoporosis 8:114. https://doi.org/10.1007/
s11657-012-0114-z

Jeddi M, Dabbaghmanesh MH, Ranjbar Omrani G, Ayatollahi SM,
Bagheri Z, Bakhshayeshkaram M (2014) Body composition refer-
ence percentiles of healthy Iranian children and adolescents in
southern Iran. Arch Iran Med 17(10):661-669

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH (2000) Establishing a
standard definition for child overweight and obesity worldwide:
international survey. BMJ 320(7244):1240-1243

Kohrt WM, Bloomfield SA, Little KD, Nelson ME, Yingling VR,
American College of Sports M (2004) American College of Sports
Medicine Position Stand: physical activity and bone health. Med
Sci Sports Exerc 36(11):1985-1996

Carter DR, Bouxsein ML, Marcus R (1992) New approaches for
interpreting projected bone densitometry data. J Bone Miner Res
7(2):137-145. https://doi.org/10.1002/jbmr.5650070204

Holme I, Aasteveit AH, Hammar N, Jungner I, Walldius G (2009)
Uric acid and risk of myocardial infarction, stroke and congestive
heart failure in 417,734 men and women in the Apolipoprotein
Mortality RISk study (AMORIS). J Intern Med 266(6):558-570.
https://doi.org/10.1111/j.1365-2796.2009.02133.x

Mehta T, Buzkova P, Sarnak MJ, Chonchol M, Cauley JA, Wallace
E et al (2015) Serum urate levels and the risk of hip fractures: data
from the Cardiovascular Health Study. Metabolism 64(3):438-446.
https://doi.org/10.1016/j.metabol.2014.11.006

Zhang D, Bobulescu IA, Maalouf NM, Adams-Huet B, Poindexter
J, Park S et al (2015) Relationship between serum uric acid and
bone mineral density in the general population and in rats with

@ Springer


https://doi.org/10.4103/2230-8210.104040
https://doi.org/10.4103/2230-8210.104040
https://doi.org/10.1007/s00774-014-0624-4
https://doi.org/10.5468/ogs.2015.58.1.46
https://doi.org/10.3945/ajcn.2008.26388
https://doi.org/10.1002/jbmr.286
https://doi.org/10.1007/s00198-013-2571-7
https://doi.org/10.1007/s00198-013-2571-7
https://doi.org/10.1007/s00198-014-2697-2
https://doi.org/10.1007/s00198-014-2697-2
https://doi.org/10.1016/j.metabol.2013.09.018
https://doi.org/10.1016/j.metabol.2013.09.018
https://doi.org/10.1007/s11657-012-0114-z
https://doi.org/10.1007/s11657-012-0114-z
https://doi.org/10.1002/jbmr.5650070204
https://doi.org/10.1111/j.1365-2796.2009.02133.x
https://doi.org/10.1016/j.metabol.2014.11.006

2064

Osteoporos Int (2019) 30:2057-2064

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

experimental hyperuricemia. J Bone Miner Res 30(6):992-999.
https://doi.org/10.1002/jbmr.2430

Dong XW, Tian HY, He J, Wang C, Qiu R, Chen YM (2016)
Elevated serum uric acid is associated with greater bone mineral
density and skeletal muscle mass in middle-aged and older adults.
PLoS One. 11(15):¢0154692. https://doi.org/10.1371/journal.pone.
0154692

Takir M, Solak Y, Erek A, Kostek O, Oral A, El¢iOglu OC et al
(2016) Association between elevated serum uric acid and vitamin D
insufficiency among the middle-aged and elderly population. Turk
Neph Dial Transpl 25(2):182—-186

Chen L, Peng Y, Fang F, Chen J, Pan L, You L (2015) Correlation of
serum uric acid with bone mineral density and fragility fracture in
patients with primary osteoporosis: a single-center retrospective
study of 253 cases. Int J Clin Exp Med 8(4):6291-6294
Thakkinstian A, Anothaisintawee T, Chailurkit L, Ratanachaiwong
W, Yamwong S, Sritara P et al (2015) Potential causal associations
between vitamin D and uric acid: bidirectional mediation analysis.
Sci Rep 5:14528. https://doi.org/10.1038/srep 14528

Hsu CH, Patel SR, Young EW, Vanholder R (1991) Effects of
purine derivatives on calcitriol metabolism in rats. Am J Physiol
260:F596-F601. https://doi.org/10.1152/ajprenal.1991.260.4.F596
Adams JS, Hewison M (2010) Update in vitamin D. J Clin
Endocrinol Metab 95(2):471-478. https://doi.org/10.1210/jc.
2009-1773

Le Couteur DG, Everitt A, Lebel M (2009) The aging liver. Geriatr
Aging 12:319-322

Paik JM, Farwell WR, Taylor EN (2012) Demographic, dietary, and
serum factors and parathyroid hormone in the National Health and
Nutrition Examination Survey. Osteoporos Int. 23(6):1727-1736.
https://doi.org/10.1007/s00198-011-1776-x

So A, Thorens B (2010) Uric acid transport and disease. J Clin
Invest 120(6):1791-1799. https://doi.org/10.1172/JC142344

Laspa E, Bastepe M, Ju"ppner H, Tsatsoulis A (2004) Phenotypic
and molecular genetic aspects of pseudohypoparathyroidism type
Ib in a Greek kindred: evidence for enhanced uric acid excretion
due to parathyroid hormone resistance. J Clin Endocrinol Metab
89(12):5942-5947. https://doi.org/10.1210/jc.2004-0249

Miller PD, Schwartz EN, Chen P, Misurski DA, Krege JH (2007)
Teriparatide in postmenopausal women with osteoporosis and mild
or moderate renal impairment. Osteoporos Int 18(1):59-68. https://
doi.org/10.1007/s00198-006-0189-8

Ishay A, Herer P, Luboshitzky R (2011) Effects of successful para-
thyroidectomy on metabolic cardiovascular risk factors in patients
with severe primary hyperparathyroidism. Endocr Pract 17:584—
590. https://doi.org/10.4158/EP10321.0R

Kawata T, Imanishi Y, Kobayashi K, Miki T, Arnold A, Inaba M
etal (2007) Parathyroid hormone regulates fibroblast growth factor-
23 in a mouse model of primary hyperparathyroidism. J] Am Soc
Nephrol 18:2683-2688. https://doi.org/10.1681/ASN.2006070783
Bacchetta J, Cochat P, Salusky IB, Wesseling-Perry K (2012) Uric
acid and IGF1 as possible determinants of FGF23 metabolism in
children with normal renal function. Pediatr Nephrol 27(7):1131—
1138. https://doi.org/10.1007/s00467-012-2110-3

Gutierrez OM, Wolf M, Taylor EN (2011) Fibroblast growth factor
23, cardiovascular disease risk factors, and phosphorus intake in the
health professionals follow-up study. Clin J Am Soc Nephro 16:
2871-2878. https://doi.org/10.2215/CIN.02740311

@ Springer

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Valdemarsson S, Lindblom P, Bergenfelz A (1998) Metabolic ab-
normalities related to cardiovascular risk in primary hyperparathy-
roidism: effects of surgical treatment. J Intern Med 244:241-249.
https://doi.org/10.1046/j.1365-2796.1998.00366.x

Ishizaka N, Ishizaka Y, Toda A, Tani M, Koike K, Yamakado M
etal (2010) Changes in waist circumference and body mass index in
relation to changes in serum uric acid in Japanese individuals. J
Rheumatol 37(2):410-416. https://doi.org/10.3899/jrheum.09073
Wang H, Wang L, Xie R, Dai W, Gao C, Shen P et al (2014)
Association of serum uric acid with body mass index: a cross sec-
tional study from Jiangsu Province, China. Iranian J Publ Health
43(11):1503-1509

Miranda JA, Almeida GG, Martins RIL, Cunha MB, Belo VA,
Santos JET et al (2015) The role of uric acid in the insulin resistance
in children and adolescents with obesity. Rev Paul Pediatr 33(4):
431-436. https://doi.org/10.1016/j.rppede.2015.08.005

Tsushima Y, Nishizawa H, Tochino Y, Nakatsuji H, Sekimoto R,
Nagao H et al (2013) Uric acid secretion from adipose tissue and its
increase in obesity. J Biol Chem 288(38):27138-27149. https://doi.
org/10.1074/M113.485094

Cheung K1J, Tzameli I, Pissios P, Rovira I, Gavrilova O, Ohtsubo T
et al (2007) Xanthine oxidoreductase is a regulator of adipogenesis
and PPARYy activity. Cell Metab 5:115-128. https://doi.org/10.
1016/j.cmet.2007.01.005

Tamba S, Nishizawa H, Funahashi T, Okauchi Y, Ogawa T,
Noguchi M et al (2008) Relationship between the serum uric acid
level, visceral fat accumulation and serum adiponectin concentra-
tion in Japanese men. Intern. Med 47:1175-1180. https://doi.org/
10.2169/internalmedicine.47.0603

Yamashita S, Matsuzawa Y, Tokunaga K, Fujioka S, Tarui S (1986)
Studies on the impaired metabolism of uric acid in obese subjects.
Marked reduction of renal urate excretion and its improvement by a
low-calorie diet. Int J Obes 10:255-264

Cervellati C, Bonaccorsi G, Cremonini E, Romani A, Fila E,
Castaldini MC et al (2014) Oxidative stress and bone resorption
interplay as a possible trigger for postmenopausal osteoporosis.
Biomed Res Int 2014:569563. https://doi.org/10.1155/2014/
569563

Muka T, de Jonge EA, de Jong JC, Uitterlinden AG, Hofman A,
Dehghan A et al (2016) The influence of serum uric acid on bone
mineral density, hip geometry, and fracture risk: the Rotterdam
Study. J Clin Endocrinol Metab 101(3):1113-1122. https://doi.
org/10.1210/j¢.2015-2446

Cauley JA, Fullman RL, Stone KL, Zemuda JM, Bauer DC,
Connor EB et al (2005) Factors associated with the lumbar spine
and proximal femur bone mineral density in older men. Osteoporos
Int 16:1525-1537. https://doi.org/10.1007/s00198-005-1866-8
Nath SD, Voruganti VS, Arar NH, Thameem F, Lopez-Alvarenga
JC, Bauer R et al (2007) Genome scan for determinants of serum
uric acid variability. ] Am Soc Nephrol 18(12):3156-3163. https://
doi.org/10.1681/ASN.2007040426

Publisher’s note Springer Nature remains neutral with regard to jurisdiction-
al claims in published maps and institutional affiliations.


https://doi.org/10.1002/jbmr.2430
https://doi.org/10.1371/journal.pone.0154692
https://doi.org/10.1371/journal.pone.0154692
https://doi.org/10.1038/srep14528
https://doi.org/10.1152/ajprenal.1991.260.4.F596
https://doi.org/10.1210/jc.2009-1773
https://doi.org/10.1210/jc.2009-1773
https://doi.org/10.1007/s00198-011-1776-x
https://doi.org/10.1172/JCI42344
https://doi.org/10.1210/jc.2004-0249
https://doi.org/10.1007/s00198-006-0189-8
https://doi.org/10.1007/s00198-006-0189-8
https://doi.org/10.4158/EP10321.OR
https://doi.org/10.1681/ASN.2006070783
https://doi.org/10.1007/s00467-012-2110-3
https://doi.org/10.2215/CJN.02740311
https://doi.org/10.1046/j.1365-2796.1998.00366.x
https://doi.org/10.3899/jrheum.09073
https://doi.org/10.1016/j.rppede.2015.08.005
https://doi.org/10.1074/M113.485094
https://doi.org/10.1074/M113.485094
https://doi.org/10.1016/j.cmet.2007.01.005
https://doi.org/10.1016/j.cmet.2007.01.005
https://doi.org/10.2169/internalmedicine.47.0603
https://doi.org/10.2169/internalmedicine.47.0603
https://doi.org/10.1155/2014/569563
https://doi.org/10.1155/2014/569563
https://doi.org/10.1210/jc.2015-2446
https://doi.org/10.1210/jc.2015-2446
https://doi.org/10.1007/soo198-005-1866-8
https://doi.org/10.1681/ASN.2007040426
https://doi.org/10.1681/ASN.2007040426

	Association between serum uric acid and bone health in adolescents
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Objectives
	Patients and methods
	Subjects
	Anthropometric measurements and Tanner stage
	Bone densitometry
	Laboratory data
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


