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Abbreviations

T2DM	 Type 2 diabetes mellitus
HbA1	 chemoglobin A1c
LS	 lumbar spine
BMD	 bone mineral density
FN	 femoral neck
NTX	 type I collagen cross-linked N-telopeptide
BMI	 body mass index
VF	 vertebral fracture
DXA	 dual-energy x-ray absorptiometry

Introduction
The number of patients with type 2 diabetes mellitus (T2DM) is 
rapidly increasing especially among elderly people, and it is esti-
mated that 439 million people will have T2DM by 2030 [1]. Their 
quality of life (QOL) is decreased by various complications, such as 
diabetic neuropathy, retinopathy and nephropathy as well as car-
diovascular diseases. It has been shown that patients with T2DM 
have a higher fracture risk compared to non-diabetics [2, 3]; thus, 
osteoporosis is now recognized as a complication of T2DM. More-
over, we have shown that lower bone mineral density (BMD) and 
the presence of vertebral fracture (VF) increase the risk of all-cause 
mortality in patients with T2DM [4]. Therefore, it is an urgent task 
to clarify which risk factors are involved in the risk of fracture in pa-
tients with T2DM.
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Abstr act

Purpose  Serum uric acid (UA) level may affect bone metabo-
lism because it has an anti-oxidative effect. However, whether 
serum UA level is associated with a fracture risk in type 2 dia-
betes mellitus (T2DM) is unclear. We thus aimed to clarify the 
association between serum UA and bone parameters in T2DM.
Methods  We conducted a cross-sectional study to investigate 
the association of serum UA with bone mineral density (BMD) 
at lumbar spine (LS) and femoral neck (FN), bone turnover 
markers such as osteocalcin and urine type I collagen cross-
linked N-telopeptide (uNTX), and the prevalence of vertebral 
fractures (VF) in 356 postmenopausal women and 512 men 
with T2DM.
Results  Multiple regression analyses adjusted for age, duration 
of diabetes, hemoglobin A1c, body mass index and log (serum 
creatinine) showed that serum UA level was significantly and 
negatively associated with uNTX in postmenopausal women 
with T2DM, whereas it was not associated with osteocalcin or 
BMD at each site. In men, serum UA was not associated with 
BMD or bone turnover markers. Because postmenopausal 
women with VF were significantly older and had longer dura-
tion of diabetes, higher serum creatinine level and lower BMD 
than those without it, logistic regression analyses adjusted for 
these confounding factors were performed. Higher serum UA 
level was significantly associated with the presence of VF.
Conclusions  The present study showed that higher serum UA 
is a risk factor for VF independently of BMD in postmenopausal 
women with T2DM.
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Hyperuricemia is defined as an abnormally high level of serum 
uric acid (UA) and it is often accompanied by metabolic syndrome 
and T2DM. Previous studies have shown that UA acts as an antiox-
idant in vivo [5]. However, the serum UA level is needed to be con-
trolled within the proper range by diet and anti-hyperuricemic 
drugs, because hyperuricemia causes gout, cardiovascular disor-
ders, hypertension and a progressive renal disease [6–8]. Previous 
studies reported that serum UA level might be associated with BMD 
and the fracture risk [9–14]. Nabipour et al. showed that serum UA 
level was positively associated with BMD and negatively with bone 
resorption markers in elder men, and that those with high serum 
UA level had lower prevalence of osteoporotic fractures [9]. Mako-
vey et al. reported that serum UA level was positively associated 
with BMD in women, and that those with high serum UA level had 
slower reduction in BMD [10]. In contrast, Mehta et al. showed that 
men with high UA level had an increased risk of hip fracture com-
pared to those with low UA level [14]. Thus, the effect of serum UA 
on BMD and the fracture risk still remains unclear. These contro-
versial results may be caused by the difference in background char-
acteristics of subjects.

The pathophysiology of bone fragility in T2DM is considered to 
be different from that of primary osteoporosis, because patients 
with T2DM have increased fracture risk despite normal or increased 
BMD [15]. Previous studies suggested that oxidative stress may be 
involved in diabetes-induced bone fragility [16]. Therefore, the 
roles of UA in bone metabolism should be investigated in diabetes-
induced bone fragility. A couple of cross-sectional studies showed 
that serum UA levels were positively associated with BMD in pa-
tients with T2DM [23, 24]. However, Yan et al. reported that serum 
UA was not associated with the presence of clinical fracture al-
though the association was significant before adjusting for BMD 
[23]. Therefore, it is still unclear whether or not serum UA is in-
volved in fragility fracture risk in patients with T2DM. We thus con-
ducted a cross-sectional study to clarify this issue in postmenopau-
sal women and men aged 50 years and older with T2DM.

Methods

Subjects
This is a cross-sectional study examining the association between 
serum UA level and fracture risk in patients with T2DM. Patients 
admitted to Shimane University Hospital for evaluation and treat-
ment for T2DM except for having malignant diseases, infection, 
necessity of operation and transplantation, and other special pur-
poses from 2002 – 2014 were screened. In our hospital, osteopo-
rosis has been checked as a diabetic complication. According to the 
hospital records, 517 women and 814 men were admitted. Among 
them, serum UA level and bone parameters such as bone turnover 
markers, BMD, and the presence of VF were examined in 379 post-
menopausal women and 713 men with T2DM. We then excluded 
1) premenopausal women who had spontaneous menses within  
1 year, 2) men younger than 50 years, 3) patients who had renal 
dysfunction [estimated glomerular filtration rate (eGFR)  < 30 mL/
min/1.73 m2], 4) patients had taken drugs for hyperuricemia and 
osteoporosis such as bisphosphonate and hormone replacement 
therapy, as well as thiazolidinedione and glucocorticoid which are 

known to affect bone metabolism. Finally, 356 postmenopausal 
women and 512 men aged 50 years and older with T2DM were in-
cluded in this analysis. Patient characteristics of demographic and 
biochemical parameters, BMD and the prevalence of VF are shown 
in ▶Table 1. This study was approved by the ethical review board 
of Shimane University Faculty of Medicine and complied with the 
Helsinki Declaration. The requirement for informed patient con-
sent was waived because no intervention and further examinations 
were performed.

Biochemical measurements
On the second day after admission, blood and urine samples were 
collected after overnight fasting. Biochemical markers were meas-
ured by standard methods as previously described [17, 18]. Hemo-
globin A1c (HbA1c) was determined with high-performance liquid 
chromatography. The value for HbA1c was estimated as the Na-
tional Glycohemoglobin Standardization Program equivalent value 
calculated using the formula HbA1c ( %)  = HbA1c (Japan Diabetes 
Society) ( %)  +  0.4 % [18]. Total osteocalcin and urine type I colla-
gen cross-linked N-telopeptide (uNTX) levels were measured by ra-
dioimmunoassay and enzyme-linked immunosorbent assay, re-
spectively. The coefficients of variation (CV) of osteocalcin and 
uNTX measurements were 5.5 and 5.7 %, respectively.

BMD measurements
BMD of the lumbar spine at L2-4 (LS) and femoral neck (FN) was 
evaluated by dual-energy x-ray absorptiometry (QDR4500, Hologic 
Co., Waltham, MA, USA). The CV (precision) of measurements of 
LS- and FN-BMD by our methods were 0.9 and 1.7 %, respectively. 

▶Table 1 	 Baseline characteristics of subjects.

Women Men p

Number of patients 356 512

Age (years) 67.4 ± 9.7 65.7 ± 8.8 0.009

Duration of diabetes 
(years)

12.2 ± 10.4 12.6 ± 9.6 0.672

Body height (cm) 150.2 ± 5.7 163.8 ± 6.3  < 0.001

Body weight (kg) 55.4 ± 11.3 62.0 ± 10.4  < 0.001

Body mass index (kg/m2) 24.5 ± 4.6 23.1 ± 3.4  < 0.001

Serum creatinine (mg/dL) 0.64 ± 0.18 0.81 ± 0.23  < 0.001

HbA1c (NGSP) ( %) 8.8 ± 2.3 8.8 ± 2.2 0.796

Serum uric acid (mg/dL) 4.6 ± 1.3 5.2 ± 1.4  < 0.001

LS BMD (g/cm2) 0.88 ± 0.18 1.03 ± 0.21  < 0.001

LS T score  − 1.20 ± 1.57 − 0.09 ± 1.69  < 0.001

LS Z score 0.64 ± 1.29 0.50 ± 1.18 0.117

FN BMD (g/cm2) 0.63 ± 0.13 0.74 ± 0.12  < 0.001

FN T score  − 1.48 ± 1.14 − 0.96 ± 0.98  < 0.001

FN Z score 0.37 ± 1.19 0.16 ± 1.07 0.017

Osteocalcin (ng/mL) 6.7 ± 2.9 5.2 ± 2.7  < 0.001

uNTX (nMBCE/mM-Cr) 54.7 ± 33.8 38.3 ± 47.1  < 0.001

Vertebral fracture n, ( %) 109 (30.6 %) 188 (36.7 %) 0.054

Data are means  ±  SD.; HbA1c, hemoglobin A1c; LS, lumbar spine 
2–4; BMD, bone mineral density; FN, femoral neck; uNTX, urinary 
type I collagen cross-linked N-telopeptide.
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T-scores indicate a deviation from the averaged BMD in sex-matched 
young Japanese normal reference mean, and Z-scores indicate a de-
viation from the averaged BMD in normal age- and sex-matched 
Japanese subjects in the standardized normal distribution.

Assessment of VF
Lateral radiographic films of the thoracic and lumbar spine were 
taken during the same week as the serum collection. The anterior, 
central and posterior heights of each of the 13 vertebral bodies 
from T4 to L4 were measured. A vertebral fracture was diagnosed 
if at least one of the 3 height measurements along the length of 
the same vertebrae had decreased by  > 20 % compared with the 
height of the nearest uncompressed vertebral body [19].

Statistical analysis
Data are expressed as mean ± standard deviation (SD). Because  
serum creatinine showed a skewed distribution, it was transformed 
to logarithm before multiple regression and logistic analyses. All anal-
yses were carried out using StatView (Abacus Concepts, Berkeley, CA, 
USA). A p value  < 0.05 was considered significant.

Results

Association of serum UA with BMD and bone 
turnover markers
Simple correlation analysis showed that the serum UA level was sig-
nificantly and positively correlated with LS-BMD (women: r = 0.15, 
p = 0.006, men: r = 0.12, p = 0.007) and negatively with uNTX 
(women: r =  − 0.25, p < 0.001, men: r =  − 0.17, p < 0.001) in both 
women and men, whereas it was not correlated with FN-BMD or 
osteocalcin.

Next, we performed multiple regression analyses adjusted for 
age, duration of diabetes, HbA1c, body mass index (BMI) and log 
(serum creatinine) (▶Table 2). The serum UA level was significant-
ly and negatively associated with uNTX in women (β =  − 0.22, 
p = 0.003), whereas it was not associated with BMD or osteocalcin. 
There was no association of the serum UA level with BMD or bone 
turnover markers in men.

Association between serum UA and the presence of VF
Next, we compared demographic, biochemical parameters and 
BMD between subjects with and without VF. As shown in ▶Table 3, 
women with VF were significantly older and had longer duration of 
diabetes and higher serum creatinine level than those without it 
(p < 0.001 for all). BMD and T score at LS and FN were significantly 
lower in women with VF than those without it (p < 0.001 for all). The 
uNTX level was significantly higher in women with VF than those 
without it (p = 0.032). Men with VF were significantly older and had 
lower HbA1c than those without it (p < 0.001 and p = 0.017, respec-
tively). BMD, T and Z scores at FN as well as T score at LS were sig-
nificantly lower in men with VF than those without it (at least 
p < 0.03).

Finally, we performed logistic regression analyses adjusted for 
age, duration of diabetes, log (serum creatinine), and BMD as well 
as uNTX because these parameters showed significant deviations 
between women with and without VF (▶Table 3). As shown in 

▶Table 4, higher serum UA level was significantly associated with 
the presence of VF in women [odds ratio (OR) = 1.38, 95 % confi-
dence interval (CI) = 1.01–1.88 per SD increase, p = 0.041 adjusted 
for LS-BMD and OR = 1.40, 95 % CI = 1.00–1.96 per SD increase, 
p = 0.048 adjusted for FN-BMD]. Moreover, the association was still 
significant after additional adjustment for uNTX (OR = 1.46, 95 % 
CI = 1.04-2.07 per SD increase, p = 0.031 adjusted for LS-BMD and 
OR = 1.42, 95 % CI = 1.00–2.02 per SD increase, p = 0.047 adjusted 
for FN-BMD). In contrast, there was no association between the 
serum UA level and the presence of VF in men.

Discussion
Bone is constantly renewed by osteoblastic bone formation and os-
teoclastic bone resorption. Previous studies have shown that pa-
tients with T2DM have a low bone turnover [20, 21], suggesting 
that bone remodeling is impaired and debased bone would be ac-
cumulated in patients with T2DM. In this study, we found that the 
serum UA level was negatively associated with uNTX in postmeno-
pausal women with T2DM even after adjustment for various con-
founding factors. This finding indicates that the increased UA may 
induce further low bone remodeling in case of T2DM. Therefore, 
whether the higher serum UA level is beneficial or harmful should 
be examined in patients with T2DM. In this study, we found that 
the serum UA level was significantly and positively associated with 
the presence of VF in postmenopausal women with T2DM, sug-
gesting that high serum UA level is a risk factor for VF in case of 
postmenopausal women with T2DM.

Previous studies showed that serum UA level was positively as-
sociated with BMD in patients with T2DM [23, 24]. In this study, 
simple correlation analysis showed that serum UA level was posi-
tively correlated with LS-BMD and negatively with uNTX in both 
women and men, and multiple regression analysis showed that 
serum UA level was marginally and positively associated with LS-
BMD in women. These findings seem to be consistent with the pre-
vious ones. However, it has been shown that T2DM have BMD-in-
dependent risk of osteoporotic fractures [15, 22], indicating that 
impaired bone quality is involved in the risk of fracture rather than 
BMD reduction in patients with T2DM. Therefore, it remains un-
clear whether or not serum UA is involved in the fracture risk in 
T2DM. Yan et al. previously reported that serum UA was not asso-
ciated with BMD-independent risk of self-reported clinical fractures 

▶Table 2 	 Multiple regression analyses between serum uric acid level and 
bone parameters.

Women Men

β p β p

LS BMD 0.12 0.071 0.07 0.166

FN BMD 0.06 0.375  − 0.05 0.382

Osteocalcin 0.02 0.806  − 0.07 0.204

uNTX  − 0.22 0.003  − 0.08 0.145

Multiple regression analyses adjusted for age, duration of diabetes, 
HbA1c, body mass index and log (serum creatinine) were performed. 
LS, lumbar spine 2-4; BMD, bone mineral density; FN, femoral neck; 
uNTX, urinary type I collagen cross-linked N-telopeptide.
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although serum UA was inversely associated with clinical fracture 
risk in Chinese population with T2DM [23]. In contrast, in the pre-
sent study, the serum UA level was positively associated with the 
presence of VF in logistic regression analyses adjusted for LS-BMD 
and FN-BMD. It is known that VF is the most frequent osteoporo-
tic fracture, and that most of VF occur without pain [32]. Thus, si-
lent VF may not be reported as clinical fractures and should be di-
agnosed by lateral radiographic films of the thoracic and lumbar 
spine, as in this study. Moreover, previous studies have shown that 
duration of T2DM is associated with fracture risk. Majumdar et al. 
reported that patients with T2DM loner than 10 years are at par-
ticularly high risk of fracture [33]. Mean diabetic duration of the 
subjects in the previous study by Yan et al. was 7.41 years and 8.53 
years in men and postmenopausal women, respectively [23], while 
that of our patients was 12.6 years and 12.2 years in men and post-

menopausal women, respectively. Therefore, methodology to col-
lect fragility fracture and fracture site as well as background such 
as duration of diabetes might be related to the contrasting findings 
between the previous study and ours.

Previous studies have shown that a functional urate transporter 
1 (Urat1) is expressed in various cells such as vascular endothelial 
and smooth muscle cells [25] as well as adipocytes [26]. Kang et al. 
reported that increased UA uptake into vascular cells caused local 
inflammation and reduced nitric oxide release even at physiologic 
concentration of UA (6 to 12 mg/dL) [27]. Baldwin et al. showed 
that UA induced an increase in the production of monocyte chem-
otactic protein-1, an essential adipokine inducing the proinflam-
matory state in adipose tissue, and a decrease in the production of 
adiponectin, an anti-inflammatory adipokine [26]. Although there 
are no reports showing the expression of the urate transporter in 
bone, Ahn et al. demonstrated that UA suppressed the differentia-
tion of osteoclast-like cells in vitro [28]. In this study, serum UA level 
was negatively associated with uNTX, which is consistent with the 
in vitro study [28]. However, to our knowledge, there are no stud-
ies examining the effects of UA on osteoblasts and osteocytes so 
far. Further studies are thus needed to clarify the association be-
tween UA and bone metabolism.

Interestingly, the significant association of serum UA with uNTX 
and VF was only seen in postmenopausal women with T2DM in this 
study although differences in background characteristics such as 
age, BMI and serum UA might contribute to the gender difference. 
Estradiol, the strong stimulator of bone growth, is known to be re-
sponsible for maintaining bone strength. It is known that increased 
oxidative stress enhances osteoclast activity and is involved in post-
menopausal bone loss [29]. Serum UA may act as a protective fac-
tor against the oxidative stress-induced osteoclast activity through 
its antioxidative capacity especially in postmenopausal women. In-
deed, several studies showed that serum UA level was negatively 

▶Table 3 	 Demographic and biochemical parameters of subjects with and without vertebral fracture.

Women Men

with VF without VF p with VF without VF p

Number of patients 109 239 188 310

Age (years) 71.7 ± 9.2 65.4 ± 9.2  < 0.001 67.9 ± 8.9 64.5 ± 8.4  < 0.001

Duration of diabetes (years) 15.5 ± 10.3 11.0 ± 10.1  < 0.001 13.7 ± 9.7 12.1 ± 9.6 0.108

Body mass index (kg/m2) 24.4 ± 5.2 24.6 ± 4.3 0.755 23.0 ± 3.3 23.2 ± 3.4 0.679

Serum creatinine (mg/dL) 0.69 ± 0.23 0.62 ± 0.15  < 0.001 0.81 ± 0.24 0.82 ± 0.23 0.804

HbA1c (NGSP) ( %) 8.8 ± 2.4 8.9 ± 2.3 0.681 8.5 ± 1.9 9.0 ± 2.3 0.017

Serum uric acid (mg/dL) 4.8 ± 1.4 4.5 ± 1.2 0.071 5.1 ± 1.5 5.3 ± 1.4 0.313

LS BMD (g/cm2) 0.83 ± 0.20 0.90 ± 0.16  < 0.001 1.01 ± 0.20 1.05 ± 0.22 0.085

LS T score  − 1.65 ± 1.76  − 1.00 ± 1.44  < 0.001  − 0.31 ± 1.64 0.05 ± 1.73 0.026

LS Z score 0.46 ± 1.26 0.72 ± 1.31 0.101 0.38 ± 1.15 0.58 ± 1.21 0.077

FN BMD (g/cm2) 0.59 ± 0.23 0.65 ± 0.12  < 0.001 0.72 ± 0.12 0.76 ± 0.13 0.001

FN T score  − 1.83 ± 1.16  − 1.29 ± 1.08  < 0.001  − 1.17 ± 0.92  − 0.83 ± 1.00  < 0.001

FN Z score 0.17 ± 1.27 0.46 ± 1.15 0.060 0.00 ± 1.00 0.25 ± 1.11 0.019

Osteocalcin (ng/mL) 6.69 ± 3.48 6.77 ± 2.69 0.844 5.14 ± 2.88 5.29 ± 2.50 0.578

uNTX (nMBCE/mM-Cr) 60.3 ± 42.2 51.1 ± 28.4 0.032 37.5 ± 20.7 38.7 ± 58.6 0.790

Data are means  ±  SD. P values were calculated using Student’s t-tests.; VF, vertebral fracture; HbA1c, hemoglobin A1c; LS, lumbar spine 2-4; BMD, 
bone mineral density; FN, femoral neck; uNTX, urinary type I collagen cross-linked N-telopeptide.

▶Table 4 	 Association of serum uric acid level with the presence of  
vertebral fracture.

Women Men

OR (95 % CI) p OR (95 % CI) p

Model 1 1.38 
(1.01–1.88)

0.041 1.05 
(0.84–1.32)

0.654

Model 2 1.40 
(1.00–1.96)

0.048 0.99 
(0.79–1.25)

0.940

Model 3 1.46 
(1.04–2.07)

0.031 1.05 
(0.82–1.33)

0.708

Model 4 1.42 
(1.01–2.02)

0.047 1.01 
(0.79–1.29)

0.924

Logistic regression analyses were performed.; Model 1: adjusted for 
age, duration of diabetes, log (serum creatinine) and LS BMD.; Model 2: 
adjusted for age, duration of diabetes, log (serum creatinine) and FN 
BMD.; Model 3: adjusted for Model 1 and uNTX.; Model 4: adjusted 
for Model 2 and uNTX. OR, odds ratio; CI, confidence interval.
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associated with bone resorption markers [28, 30], and we also con-
firmed the negative association between serum UA and uNTX in 
postmenopausal women with T2DM. The suppressive effects of UA 
on bone resorption might be beneficial for postmenopausal oste-
oporosis although whether or not it is also beneficial for diabetes-
induced bone fragility is necessary to be clarified. In contrast, it has 
been shown that estradiol suppresses the expression of Urat1, 
which resorbs UA on the luminal side of the tubular epithelium, in 
the mouse kidney [31]. Thus, sudden loss of estradiol after meno-
pause and the following rapid rise in serum UA might be associat-
ed with the negative association between UA and VF. To clarify the 
role of estradiol in the association between UA and fracture risk, 
we need to investigate and compare the association between pre- 
and postmenopausal women in future.

There are several limitations in our study. First, the sample size 
was not large enough to make definite conclusions. Second, we an-
alyzed only subjects who visited our hospital, a tertiary center, for 
treatment of diabetes mellitus. Therefore, the participants enrolled 
in this study might have relatively severe states of the disorders and 
might not be representative of Japanese patients. Third, non-dia-
betic control subjects were not examined in this study. Therefore, 
we can’t compare the contribution of serum UA to bone metabo-
lism and fracture risk between T2DM and non-diabetics. Forth, we 
need to examine inflammation markers and reactive oxygen spe-
cies to identify the underlying mechanism of the relation between 
UA and VF risk. Finally, we need to examine not only cross-section-
al studies but also longitudinal ones to understand the causal rela-
tionship between serum UA level and VF in T2DM.

In conclusion, this study showed that high serum UA level is a 
risk factor for VF independently of BMD in postmenopausal women 
with T2DM. These findings might give a clue for comprehensive 
prevention and treatment of osteoporosis in patients with T2DM 
and hyperuricemia.
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