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Abstract
Summary The association between serum uric acid (SUA)
levels and bone mineral density (BMD) is controversial. Fat
accumulation is linked to SUA and BMD, thus possibly
explaining the mixed results. We found that adiposity drives
part of the association between SUA and BMD inwomenwith
postmenopausal osteoporosis.
Introduction Both positive and negative associations between
SUA and BMD have been reported. SUA levels and BMD
increase with higher body weight and other indices of adipos-
ity; hence, the association between SUA and BMDmight be a
consequence of the confounding effect of adiposity. We inves-
tigated in this cross-sectional study whether the association
between SUA and BMD is independent of measures of fat
accumulation and other potential confounders.
Methods SUA levels, femur BMD, markers of bone metabo-
lism, body mass index (BMI), fat mass (FM), waist circum-
ference (WC), and abdominal visceral fat area were measured

in 180 treatment-naive postmenopausal osteoporotic women
(mean age 66.3 ± 8.5 years, age range 48–81 years).
Results Women with higher SUA levels (third tertile) had
significantly higher femur BMD and lower cross-linked C-
terminal telopeptide of type I collagen (CTX) and bone alka-
line phosphatase (bALP) levels. SUA levels were positively
associated with all indices of adiposity. In multivariable anal-
ysis with femur BMD as dependent variable, the association
between logarithmic (LG)-transformed SUA levels and BMD
(beta = 0.42, p < 0.001) was lessened progressively by the
different indices of adiposity, like LG-BMI (beta = 0.22,
p = 0.007), LG-WC (beta = 0.21, p = 0.01), LG-FM (be-
ta = 0.18, p = 0.01), and LG-abdominal visceral fat area (be-
ta = 0.12, p = 0.05). The association between SUA levels and
markers of bone metabolism was dependent on the effect of
confounders.
Conclusion In postmenopausal osteoporotic women, the
strong univariable association between SUA levels and femur
BMD is partly explained by the confounding effect of indices
of adiposity.
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Introduction

Elevated serum uric acid (SUA) levels are associated with
gout and renal disease [1]. SUA exists either in a crystalline
state or in a soluble state, with antioxidant or pro-oxidant
properties depending on plasmatic and cellular environment
[2].

Reduced bone mineral density has been linked to a pro-
oxidative [3] and pro-inflammatory [4] environment, and ox-
idative stress has been recognized as an important cofactor for

* M. Pirro
matteo.pirro@unipg.it

1 Unit of Internal Medicine, Angiology and Arteriosclerosis Diseases,
Department of Medicine, University of Perugia, Perugia, Italy

2 Hospital BSanta Maria della Misericordia^, Piazzale Menghini, 1,
06129 Perugia, Italy

3 Biotechnology Research Center, Mashhad University of Medical
Sciences, Mashhad 9177948564, Iran

4 Metabolic Research Centre, Royal Perth Hospital, School of
Medicine and Pharmacology, University of Western Australia,
Perth, Australia

5 Department of Biochemistry, University of Otago, Otago, New
Zealand

Osteoporos Int (2017) 28:973–981
DOI 10.1007/s00198-016-3792-3

http://crossmark.crossref.org/dialog/?doi=10.1007/s00198-016-3792-3&domain=pdf


estrogen deficiency-induced bone loss [5]. Recently, it has
been speculated that SUA might protect from osteoporosis
due to its antioxidant properties [6, 7]. Cross-sectional and
longitudinal studies have shown that serum SUA levels are
positively associated with bone mineral density (BMD) both
in men and women [6, 8–18] irrespective of multiple con-
founders. Specifically, multivariable adjustment of the associ-
ation between SUA and BMD for indices of adiposity like
body weight [9, 10], body mass index (BMI) [6, 8, 9, 12],
and fat mass (FM) [11] has been performed, with SUA levels
positively associated with BMD irrespective of adiposity.
However, Zhang et al. [19] did not find any association be-
tween SUA and BMD in a large cohort of men and women.
Conversely, Sritara et al. [20] found a positive association
between SUA levels and BMD in young and middle-aged
men and an inverse association in 485 pre- and post-
menopausal women. Also, Bhupathiraju et al. [21] found that
SUA negatively contributed to trabecular bone mineral con-
tent in healthy postmenopausal women. Finally, Ishii et al.
[12] found the robustness of the positive association between
SUA and BMDwas stronger whenwomen older than 60 years
were excluded, whereas Muka et al. [16] observed that the
association between SUA and BMD was more prominent in
older individuals. Hence, some confounding effect of aging
and of additional covariates on the variability of the associa-
tion between SUA and BMD in postmenopausal women is
conceivable.

BMI calculation, waist circumference (WC), and assess-
ment of FM using bioelectrical impedance are used in clinical
practice as indices of either general or regional adiposity.
Also, abdominal visceral fat area measured through ultra-
sound has been suggested as a reliable index of regional adi-
posity. There is overwhelming evidence supporting a strong
correlation between indices of fat accumulation/distribution,
on the one hand, and SUA and BMD, on the other hand
[22–28]. Specifically, a positive association between either
body weight, BMI or FM and BMD [22, 23] has been shown,
suggesting a protective effect of fat accumulation against bone
loss. However, there is also evidence of a possible detrimental
impact of abdominal visceral fat on BMD [24, 25]. Hence, the
influence of body fat on bone health is quite variable.
Moreover, a positive association between different indices of
both total and regional adiposity and SUA levels has been
shown [26, 27], with visceral fat accumulation being exten-
sively linked to elevated SUA levels [28, 29].

Overall, the effect of the balance between general and vis-
ceral adiposity on BMD is dual, whereas the positive associ-
ation between fat accumulation and plasma SUA levels ap-
pears to be consistent. Therefore, the impact of indices of
adiposity on the association between SUA and BMD is un-
predictable and a comprehensive evaluation of the association
between SUA levels and BMD after correction for multiple
indices of adiposity is warranted. Moreover, inasmuch as the

link between markers of bone metabolism [i.e., bone alkaline
phosphatase (bALP), cross-linked C-terminal telopeptide of
type I collagen (CTX), 25(OH)-vitamin D, and parathyroid
hormone (PTH)] and BMD is consistent [30] and the associ-
ation between some markers of bone metabolism and SUA
levels has been described [31, 32], a further exploration of the
association between SUA levels and markers of bone metab-
olism after correction for indices of adiposity would be of
interest.

The aim of this study was to evaluate the relationship be-
tween SUA, femur BMD, and markers of bone metabolism
(i.e., bALP, CTX) in treatment-naive postmenopausal osteo-
porotic women, after correction for multiple indices of
adiposity.

Methods

Study design and participants

This is a cross-sectional study of 180 consecutive postmeno-
pausal female outpatients with newly diagnosed, never-treated
osteoporosis, selected among women independent in daily
living activities attending our Unit of Bone and Mineral
Metabolism (Perugia, Italy) for screening of postmenopausal
osteoporosis (Fig. 1).Womenwere considered postmenopaus-
al if they had not been menstruating for at least 1 year.
Exclusion criteria included history of chronic diseases, such
as renal, hepatic, cardiac, thyroid and rheumatic diseases, cur-
rent or prior use of drugs that could interfere with either bone
mass or uric acid levels (i.e., glucocorticoids, antiresorptive
drugs, hormonal replacement therapy, calcium or vitamin D
supplementation, urate-lowering therapy), history of traumatic
fractures, and the absence of self-reported or radiologically
documented fragility fracture in the 6 months prior to study
recruitment. Also, patients under body-weight-lowering drugs
or caloric restriction were not included in this study. A trained
interviewer conducted a questionnaire with each participant
asking questions regarding their age, age of menopause and
menarche, smoking habits, family or personal fractures, med-
ical history, comorbid diseases, and medication use.
Information was also obtained by a review of medical records
and laboratory data.

Clinical evaluation, bone mineral density, and visceral fat
area

All the determinations were made at the medical center at
8.00 h, with a room temperature between 21 and 23 °C,
after a 13-h overnight fast. Height and weight were mea-
sured to the nearest 0.1 cm and 0.1 kg, respectively, sub-
jects were wearing hospital gowns and had bare feet. BMI
was calculated as weight (kg) divided by height (m)
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squared. WC was also measured. Bioimpedentiometry
(50 kHz, amplitude 50 mA, Tanita, Japan), using elec-
trodes applied to the foot plantar surface, was used for
the measurement of fat mass in kilograms. Abdominal
ultrasound imaging was assessed for measurement of ab-
dominal visceral fat area by the same operator, who was
unaware of the results of the laboratory measurements of
each patient. Imaging was performed using the MyLab 50
(Esaote, Italy) ultrasound system. Abdominal visceral fat
area was measured as previously described by Hirooka
et al. [33] as follows: [VFA] = −9.008 + 1.191 × [distance
between the internal surface of the abdominal muscle and
the splenic vein (mm)] + 0.978 [distance between the
internal surface of the abdominal muscle and the posterior
wall of the aorta at the umbilicus (mm)] + 3.644 × [thick-
ness of the fat layer of the posterior right renal wall
(mm)]. Ultrasonography was always performed by the
same experienced operator, and the intra-operator inter-
day CV was 1.8 %.

Areal BMD (g/cm2; bone mineral content relative to pro-
jection area) was measured by dual-energy X-ray absorptiom-
etry (DXA) (Hologic Discovery W, Hologic Inc., Bedford,
MA, USA) at the proximal femur. The coefficient of variation
at our laboratory was 0.51 %.

Biochemical assays

SUA was measured by a colorimetric assay (ADVIA,
Siemens Healthcare Diagnostics srl, Erlangen, Germany).
Serum creatinine concentration was measured by a kinetic

assay (Instrumentation Laboratory spa, Richmond Hill,
Canada), and glomerular filtration rate (GFR) was calcu-
lated according to the Modification of Diet in Renal
Disease equation [34]. A radioimmunoassay was used to
measure serum 25(OH)-vitamin D (DiaSorin Inc., MN,
USA). Serum intact PTH levels were measured by an
immunoenzymatic method (Access, Beckman Coulter
Inc., CA, USA). Serum CTX was measured by an
enzyme-linked immunosorbent assay (Pantec srl, Torino,
Italy). An immunoradiometric assay was used to measure
bALP (Tandem R Ostase, Pantec srl, Torino, Italy).

Statistical analysis

SPSS statistical package, release 17.0 (SPSS Inc.,
Chicago, IL) was used for all statistical analyses.
Values are expressed as either mean ± SD or median
and interquartile range (IQR). The Shapiro-Wilk test
was used to check the distribution of continuous vari-
ables. Logarithmic (LG) transformation was performed
for nonnormal continuous variables. Independent-
samples t test and Mann-Whitney U test were used for
between-group comparisons. One-way analysis of vari-
ance (ANOVA) and Kruskal-Wallis H tests were used
for comparisons between tert i les of UA levels.
Correlat ion analyses were performed using the
Pearson’s and Spearman’s coefficients of correlations (r
and rho, respectively). Linear regression analysis was
used to estimate the association between SUA levels
and BMD, by including BMD as the dependent variable.

Fig. 1 Flowchart showing the
source population and reasons for
exclusion of participants
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The independent variables were those significantly asso-
ciated with either SUA or femur BMD in the bivariate
correlation analyses (age, GFR, smoking status, LG-
SUA, LG-transformed indices of adiposity). Hence, the
independent variables included in the basal model 1 in-
cluded LG-SUA, age, GFR, and smoking status; BMI,
WC, fat mass, and abdominal visceral fat area were
added singularly to the independent variables of model
1 in order to build additional models (from model 2 to
model 5). The effect of the interaction between age and
SUA levels was tested in the linear regression analysis,
after calculating the interaction term Bage*SUA^ from
the centered mean values of the variables age and
SUA. If the interaction term were significant at a p value
≤0.05, then analyses will be stratified by age groups.
Additional multivariable analyses were performed with
either LG-CTX or LG-bALP as dependent variables and

the following independent variables: age, smoking status,
GFR, LG-SUA, and one LG-transformed index of adi-
posity at a time. Standardized coefficients were calculat-
ed as a measure for the relative predictive value. A two-
sided p < 0.05 was considered statistically significant.

Results

The characteristics of 180 postmenopausal osteoporotic women,
grouped according to tertiles of SUA levels, are summarized in
Table 1. The Shapiro-Wilk test revealed a nonnormal distribu-
tion of SUA levels, markers of bone metabolism, and indices of
adiposity, thus medians and IQR or LG-transformed data have
been tested and reported for these variables. The age of partic-
ipants ranged from 48 to 81 years; 25 % of them were smokers;
and 46, 32, and 22 % were either normal weight (BMI 18.5–

Table 1 Characteristics of the study participants according to tertiles of serum uric acid levels

First tertile (N = 61) Second tertile (N = 60) Third tertile (N = 59) p value

Age (years) 63.8 ± 8.2 67.7 ± 8.8* 68.2 ± 8.1* 0.008

Age of menopause (years) 47.9 ± 5.5 49.2 ± 4.4 48.3 ± 5.7 0.411

Current smoking, n (%) 17 (27.9) 14 (23.3) 15 (25.4) 0.859

Body mass index (kg/m2) 23.8 (21.0–25.6) 25.8 (22.8–29.4)* 28.1 (25.1–32.9)*,** <0.001

Waist circumference (cm) 81.5 (75.0–86.0) 88.0 (82.0–98.7)* 93.0 (84.2–102.0)* <0.001

Fat mass (kg) 16.7 (13.3–20.7) 20.2 (16.8–27.1)* 25.2 (20.1–31.8)* <0.001

AVFA (cm2) 118.0 (98.5–139.0) 140.0 (110.2–165.2)* 171.0 (144.0–198.0)*,** <0.001

Glomerular filtration rate (mL/min) 93.5 ± 22.4 76.8 ± 22.2* 71.0 ± 17.7* <0.001

Uric acid (mg/dL) 3.3 (3.0–3.6) 4.2 (4.0–4.4)* 5.5 (5.0–6.2)*,** <0.001

25(OH)-vitamin D (n/mL) 15.9 (10.1–23.0) 12.8 (8.1–20.0) 15.7 (10.0–21.6) 0.273

Parathyroid hormon (pg/mL) 54.1 (43.5–64.3) 59.0 (44.2–75.0) 58.5 (42.6–82.0) 0.278

Bone alkaline phosphatase (μg/L) 13.4 (10.7–17.6) 13.6 (10.7–17.4) 12.2 (10.0–14.4)* 0.049

CTX (ng/mL) 0.9 (0.6–1.3) 0.8 (0.5–1.1) 0.7 (0.4–1.0)* 0.048

Femur BMD (g/cm2) 0.70 ± 0.10 0.79 ± 0.16* 0.82 ± 0.15* <0.001

Data are means and standard deviation or medians and interquartile range

AVFA abdominal visceral fat area, CTX cross-linked C-terminal telopeptide of type I collagen, BMD bone mineral density

*p < 0.05 for comparison vs first tertile of serum uric acid levels; **p < 0.05 for comparison vs second tertile of serum uric acid levels

Table 2 Univariable correlations between indices of adiposity

Body mass
index

p value Waist
circumference

p value Fat mass p value Abdominal
visceral fat area

p value

Body mass index NA NA 0.806 <0.001 0.893 <0.001 0.780 <0.001

Waist circumference 0.806 <0.001 NA NA 0.747 <0.001 0.739 <0.001

Fat mass 0.893 <0.001 0.747 <0.001 NA NA 0.748 <0.001

Abdominal visceral fat area 0.780 <0.001 0.739 <0.001 0.748 <0.001 NA NA

Correlations are expressed as Spearman’s coefficients

NA not applicable
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24.9), overweight (BMI 25–29.9), or obese (BMI ≥30),
respectively. SUA levels ranged from 2.2 to 8.0 mg/dL,
with only 3 % of participants having hyperuricemia (SUA
levels above 6.8 mg/dL). Comparison of biochemical and

anthropometric indices among different subgroups indi-
cated that women with higher SUA levels were older
and had significantly higher indices of adiposity and fe-
mur BMD, but lower renal function, CTX, and bALP
levels. Table 2 shows the correlations between indices of
adiposity; a strong positive correlation between all these
indices was found.

Correlates of SUA and BMD

SUA levels were significantly associated with age (rho = 0.26,
p < 0.001), BMI (rho = 0.45, p < 0.001), WC (rho = 0.42,
p < 0.001), FM (rho = 0.44, p < 0.001), abdominal visceral fat
area (rho = 0.49, p < 0.001), GFR (rho = −0.45, p < 0.001),
CTX (rho = −0.18, p = 0.013, bALP (rho = −0.17, p = 0.02),
and BMD (rho = 0.37, p < 0.001).

Femur BMD was significantly associated with age
(r = −0.15, p = 0.04), BMI (rho = 0.53, p < 0.001), WC
(rho = 0.41, p < 0.001), FM (rho = 0.61, p < 0.001), abdominal
visceral fat area (rho = 0.51, p < 0.001), 25(OH)-vitamin D
(rho = 0.20, p = 0.01), CTX (rho = −0.35, p < 0.001), and
bALP (rho = −0.25, p = 0.002).

Figure 2 shows the direct correlation of SUA levels with
femur BMD (Fig. 2a) and LG-abdominal visceral fat area
(Fig. 2b).

Independent covariates of BMD

Table 3 shows beta coefficients of the multivariable associa-
tion between LG-SUA levels and femur BMD after initial
adjustment for age, smoking status, and GFR (model 1), and
after further adjustment for LG-transformed indices of adipos-
ity, included in the regression models (from model 2 to model
5) one at a time. The association between LG-SUA levels and

Fig. 2 Correlation between LG-SUA levels and either femur BMD (a) or
LG-abdominal visceral fat area (b). LG logarithm, SUA serum uric acid,
BMD bone mineral density

Table 3 Predictors of femur bone
mineral density Model 1a

β (p value)

Model 2b

β (p value)

Model 3c

β (p value)

Model 4d

β (p value)

Model 5e

β (p value)

LG-serum uric acid 0.42 (<0.001) 0.22 (0.007) 0.21 (0.015) 0.19 (0.015) 0.12 (0.050)

LG-body mass index 0.51 (<0.001)

LG-waist circumference 0.48 (<0.001)

LG-fat mass 0.58 (<0.001)

LG-abdominal visceral
fat area

0.44 (<0.001)

aModel 1: adjusted for age, smoking status and glomerular filtration rate
bModel 2: as for model 1 plus body mass index
cModel 3: as for model 1 plus waist circumference
dModel 4: as for model 1 plus fat mass in kilograms
eModel 5: as for model 1 plus abdominal visceral fat area

Osteoporos Int (2017) 28:973–981 977



femur BMD (beta = 0.42, p < 0.001) was significant after
conservative adjustment (model 1: age, GFR, smoking), and
it was progressively lessened by correction for indices of ad-
iposity (i.e., LG-BMI, LG-WC, and LG-FM) (models 2 to 4)
reaching marginal significance in model 5 that included LG-
abdominal visceral fat area as independent variable (be-
ta = 0.12, p = 0.05). All indices of adiposity were able to
significantly predict femur BMD irrespective of LG-SUA
levels (Table 3, models 1 to 5). The centered interaction term
Bage*SUA^was calculated to test its influence on the associ-
ation between SUA levels and BMD; in all the multivariable
regression models, the association between the interaction
term and BMD was not significant (range of p values 0.27–
0.79) to and did not alter the degree of the association between
SUA levels and BMD.

Association between SUA, indices of adiposity,
and markers of bone metabolism

In the univariable association analyses, CTX levels were neg-
atively associated with BMI (rho = −0.28, p < 0.001), WC
(rho = −0.21, p = 0.012), FM (rho = −0.25, p = 0.002), and
abdominal visceral fat area (rho = −0.29, p < 0.001), whereas
bALPwas significantly associated with abdominal visceral fat
area (rho = −0.17, p = 0.03) and marginally associated with
BMI (rho = −0.15, p = 0.059) and FM (rho = −0.15,
p = 0.057). No significant associations were found between
25(OH)-vitamin D and markers of bone metabolism.

In the multivariable regression analysis, LG-SUA levels
were not found as a significant covariate of LG-CTX levels
after correction for age, smoking status, and GFR (be-
ta = −0.12, p = 0.17). The same nonsignificant results in mul-
tivariable regression were observed with either LG-bALP,
LG-25(OH)-vitamin D, or LG-PTH as dependent variables
and LG-SUA (beta = −0.16, p = 0.06; beta = 0.02, p = 0.80;
beta = 0.07, p = 0.38, respectively), age, smoking status, and
GFR as independent variables (Table 4).

The possible confounding effect of indices of adiposity on
the association between SUA and marker of bone metabolism

was tested. The multivariable regression analyses with
markers of bone metabolism levels as dependent variables
revealed that SUAwas not associated with any marker of bone
metabolism when it was included as an independent variable
along with singular indices of adiposity.

Discussion

Our results indicate that SUA is a potentially important corre-
late of femur BMD among treatment-naive postmenopausal
osteoporotic women, but that total body and regional fat de-
position may have a statistically relevant impact on the degree
of this association. Specifically, multivariable analysis re-
vealed that indices of adiposity (i.e., BMI, FM, WC, and ab-
dominal visceral fat area) attenuate the association between
SUA and BMD, and abdominal visceral fat area appears as
the strongest confounder of this association.

The relationship between SUA and bone health has been
extensively explored using experimental, cross-sectional, and
longitudinal designs, and through Mendelian randomization
analysis [6–21, 35–39]; however, conflicting results have
emerged from these studies.

Overall, experimental studies do not seem to support a
protective role of UA on bone health, with few exceptions.
Despite Ahn et al. [10] showed that UA decreases osteoclas-
togenesis in a dose-dependent manner and reduces the pro-
duction of reactive oxygen species in osteoclast precursors,
most studies failed to corroborate this line of evidence. In a
rat model of inducible mild hyperuricemia, there was no evi-
dence of improvement in BMD, bone volume density, and
bone biomechanical properties compared to normouricemic
control animals [19]. Dalbeth et al. [36], analyzing cellular
mechanisms of bone erosion in gout, found that peripheral
blood mononuclear cells from patients with severe erosive
gout preferentially formed osteoclast-like cells in culture with
receptor activator of nuclear factor kappa-B ligand (RANKL)
and monocyte colony-stimulating factor. In the same study
[36], monosodium urate monohydrate crystals inhibited oste-
oprotegerin gene and protein expression in bone marrow stro-
mal ST2 cells, and conditioned medium from ST2 cells cul-
tured with monosodium urate monohydrate crystals promoted
osteoclast formation from preosteoclast RAW 264.7 cells.
Also, hyperuricemia suppressed 1-α-hydroxylase leading to
lower 1,25(OH)2-vitamin D levels in rats [37]. Finally, inhi-
bition of xanthine oxidase by allopurinol promoted osteoblast
differentiation, leading to increased bone formation in vitro
[35].

Epidemiological evidence on the association between SUA
and BMD has so far produced mixed results. A positive rela-
tionship between SUA and BMD has been reported in elderly
subjects [6–8], in type 2 diabetes [9], premenopausal, peri-
menopausal, and postmenopausal women [10–12, 14, 15],

Table 4 Independent association between serum uric acid levels and
indices of adiposity

Dependent variables βa p value

LG-CTX −0.12 0.169

LG-bALP −0.16 0.060

LG-25(OH)-vitamin D 0.02 0.800

LG-PTH 0.07 0.381

aAdjusted for age, smoking status, and glomerular filtration rate

LG logarithm,CTX cross-linked C-terminal telopeptide of type I collagen,
bALP bone alkaline phosphatase, PTH parathyroid hormone
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young men with ankylosing spondylitis [13], primary osteo-
porosis [18], and in the general population [16, 17, 19, 20]. In
the contrary, few studies report an inverse correlation. Thus,
the association between SUA and BMD in the general popu-
lation [19] and in females [20] was lost after adjustment for
common confounders. Bhupathiraju et al. [21] found that
SUA contributes negatively to trabecular bone mineral con-
tent in healthy postmenopausal women. Finally, Mendelian
randomization analyses identified no evidence that increased
SUA levels has a causal role in increasing BMD or influenc-
ing bone-related outcomes [38, 39].

In the present study, we found that part of the association
between SUA and BMD is explained by indices of body fat
deposition like BMI, FM, WC, and abdominal visceral fat
area. The declining degree of the adjusted association between
SUA and BMD until level of marginal significance can be
explained from a statistical and pathophysiological perspec-
tive. A positive association between body fat and BMD has
been extensively reported in the literature [22, 23] and in this
study as well. In this regard, it has been hypothesized that
body fat may influence bone health positively through in-
creased skeletal loading [40]. Additionally, a positive associ-
ation between fat accumulation and SUA levels has been re-
ported here and in previous studies [26–29]. Therefore, we
can conclude that the positive association between SUA and
BMD could rely on the concordant impact of body fat depo-
sition on each of the two variables. This conclusion is sup-
ported by Mendelian randomization studies that have demon-
strated increased BMI to be associated with increased SUA,
but not increased SUA to be associated with increased BMI
[41–44] and for increased BMI to be associated with increased
BMD [45]. This conclusion, although statistically logical,
might hide a possible flaw when considering additional path-
ophysiological aspects related to the association between fat
and bone. Indeed, despite our results and ample published
evidence support the view that BMI and FM have a positive
relationship with BMD, other studies have suggested that ex-
cess of body fat, primarily in the abdominal visceral depot,
might not protect always against decreases in BMD [40].

Markers of bone metabolism may provide useful informa-
tion on bone health and in the clinical investigation of osteo-
porosis. Hence, exploring the association between SUA and
markers of bone metabolism and the possible influence of
confounders of this association is of interest. We found that
SUA levels were negatively associated with markers of bone
metabolism like bALP and CTX, whereas SUA levels were
not associated with 25(OH)-vitamin D levels. The association
between markers of bone metabolism and SUA levels is al-
ready recognized [10, 46]; moreover, low SUA levels have
been described in patients with higher 25(OH)-vitamin D
levels [31, 47]. Additionally, the association between some
markers of bone metabolism, namely 25(OH)-vitamin D
[48] and CTX [49], and body fat has been observed, thus

further complicating the intricate relationship between SUA,
markers of bone metabolism, and indices of adiposity. In this
regard, we explored the association between levels of SUA
and markers of bone metabolism in the light of the putative
confounding effect of additional variables (i.e., indices of ad-
iposity). We found that SUA levels were not associated with
levels of markers of bone metabolism (i.e., CTX, bALP,
25(OH)-vitamin D, and PTH) when statistical adjustment
was performed in multivariable analysis for age, smoking sta-
tus, GFR, and indices of adiposity. This result might suggest
that SUA may not be involved directly in influencing bone
turnover and that the observed univariable association be-
tween SUA and both CTX and bALPmay reflect the presence
of confounders. In agreement with this line of reasoning, there
are the results of Mendelian randomization analyses conclud-
ing that there is no relationship between SUA levels and bone-
related outcomes [38, 39].

Limitations of this study need to be acknowledged. First,
the cross-sectional design allowed us to generate the hypoth-
esis that the association between SUA and BMD is partly
explained by indices of adiposity; although intriguing, this
hypothesis should be validated in larger size longitudinal
studies and, possibly, in clinical trials in order to draw de-
finitive conclusions. Second, we used ultrasound abdominal
visceral fat area assessment for evaluation of abdominal vis-
ceral fat accumulation; however, more reliable methods for
visceral fat quantification are available, like computed to-
mography. Third, mechanistic explanations of the confound-
ing effect of abdominal visceral fat area and other indices of
adiposity on the association between SUA levels and BMD
cannot be drawn from this exploratory association study.
Among the indices of adipose tissue deposition, WC had
the lowest impact on the association between SUA and
BMD. Whether this result might depend on the limited re-
producibility of WC measurement or even on the limited
specificity of this variable for the measure of total body fat
remains to be clarified. Also, the confounding effect of ad-
ditional unmeasured variables (e.g., alcohol intake) on the
association between SUA and BMD cannot be excluded.
Similarly, we included only osteoporotic women and exclud-
ed patients with several conditions (e.g., chronic diseases,
bone fractures, etc.) that might have had an impact on the
association between SUA and BMD; thus, the influence of
these conditions cannot be inferred from this study. Finally,
a recent study by Dong et al. [50] found that elevated SUA
was associated with a higher BMD and a greater muscle
mass in a middle-aged and elderly Chinese population; in
addition, SUA-BMD association was partly mediated by
muscle mass. Unfortunately, we do not have data on muscle
mass to confirm this result; however, we failed to find a
significant confounding effect of free fat mass on SUA-
BMD association (results not shown). Further research is
needed to address all these issues in more detail.
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In conclusion, our study revealed a strong univariable as-
sociation between SUA levels and femur BMD; however,
indices of adiposity, especially abdominal visceral fat deposi-
tion, are correlated with both SUA levels and femur BMD and
appear to drive part of the association between SUA and
BMD.
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