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BMI : Body Mass Index, CCI : Charlson Comorbidity Index, CDR : Clinical Dementia Rating,
MMSE : Mini-Mental State Exam, CAM : Confusion Assessment Method, NPI . Neuropsychiatric
Inventory, CMAI . Cohen-Mansfield Agitation Inventory, CES-D : Center for Epidemiologic
Studies Depression Scale, ZCB : Zarit Caregiver Burden, CSDD : Cornell Scale for Depression
in Dementia
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Abstract

Summary Previous studies on the association between uric
acid and bone mineral density yielded conflicting results. In
this study, we demonstrated positive association between uric
acid and lumbar spine bone mineral density in peri- and
postmenopausal Japanese women. Further research is needed
to elucidate the underlying mechanism.

Introduction Oxidative stress has been implicated in the patho-
genesis of osteoporosis. Uric acid, a potent antioxidant
substance, has been associated with bone mineral density but
previous studies have yielded conflicting results. The objec-
tive of the study was to examine the association between
serum uric acid and lumbar spine bone mineral density
(BMD).

Methods This was a retrospective analysis of medical records
of 615 women, aged 45-75 years, who had lumbar spine
BMD measurement by dual-energy X-ray absorptiometry as
a part of health checkup from August 2011 to July 2012.
Results Mean serum uric acid level was 4.7 mg/dL. Serum
uric acid level was positively and significantly associated with
lumbar spine BMD independent of age, body mass index,
smoking, drinking, physical activity, years after menopause,
diabetes mellitus, hypertension, serum calcium, estimated
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glomerular filtration rate, plasma C-reactive protein, and
serum alkaline phosphatase (standardized beta=0.078,
p=0.049). Uric acid rapidly increased until the age of
60 years, and then decelerated but continued to increase
thereafter. The association between lumbar spine BMD and
uric acid remained significantly positive after excluding wom-
en older than 60 years.

Conclusion The present study showed that higher uric acid
levels were linearly associated with higher lumbar spine BMD
in peri- and postmenopausal Japanese women. Further re-
search is needed to elucidate the underlying mechanism of
the association between uric acid and BMD.

Keywords Bone mineral density - Menopause -
Osteoporosis - Uric acid

Introduction

Osteoporosis, a disease characterized by bone fragility and
increased risk of fracture, has been chiefly attributed to the
decline of ovarian function at menopause and resulting sex
steroid deficiency [1]. On the other hand, oxidative stress has
also been implicated in the pathogenesis of osteoporosis
[1-12]. For example, observational studies suggested that a
higher intake of the antioxidant vitamin C was associated with
slower decline of bone mineral density (BMD) [10] and lower
risk of hip and nonvertebral fractures [9], and that diminution
in plasma antioxidant activity or high oxidative stress was
observed in patients with osteoporosis compared with those
without [4, 6, 8, 11, 12].

In agreement with accumulating evidence supporting the
role of oxidative stress as one of the underlying mechanisms
of osteoporosis, uric acid, a potent antioxidant substance [13],
has been associated with osteoporosis. In a large population-
based, cross-sectional study on older men, higher serum uric
acid levels were significantly associated with higher BMD at
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various sites including the lumbar spine and femoral neck,
adjusting for covariates [14]. Higher serum uric acid
levels were also associated with a lower prevalence of
osteoporosis, vertebral fracture ascertained by lateral
spine scans, and history of nonvertebral fracture [14].
Another large cross-sectional study replicated the associ-
ation of uric acid positively with BMD and negatively
with lower prevalence of vertebral fracture in postmeno-
pausal women [15]. This study also demonstrated that uric
acid suppressed osteoclastogenesis and reduced the pro-
duction of reactive oxygen species in osteoclast precur-
sors, providing important evidence that the positive asso-
ciation between uric acid and bone mineral density may
be related to the antioxidant effect of uric acid. Moreover,
in a longitudinal study on peri- and postmenopausal fe-
male twins, higher uric acid levels at baseline were asso-
ciated with higher BMD at baseline and a slower rate of
decline in BMD thereafter, independent of covariates [16].

However, there is also strong evidence linking hyper-
uricemia with increased risk of cardiovascular disease [17,
18] in which oxidative stress plays an important patho-
physiological role [19, 20]. One of the proposed hypoth-
eses explaining this paradox is related to a shift in the
prooxidant/antioxidant properties of uric acid depending
on its concentration. Experimental studies suggested that
uric acid may become prooxidant under certain conditions
[21, 22], particularly when it is supersaturated in blood.
Therefore, it is conceivable that uric acid may confer
protective antioxidant effects or detrimental prooxidant
effects when, respectively, present at normal levels or at
supersaturated concentrations [23]. One cross-sectional
study on young men and women actually demonstrated
that higher levels of serum uric acid were associated with
lower BMD at the femoral neck in women after control-
ling for age, weight, and serum creatinine [24].
Interestingly, uric acid levels in most female participants
were within the normal range. Estrogen has an antioxidant
property [1] and also reduces serum uric acid by enhanc-
ing renal clearance [25]. Therefore, the finding of an
inverse association between estrogen and uric acid may
be attributable to the confounding effects of estrogen,
considering that the women in this study were predomi-
nantly premenopausal. However, the effects of age and
menopause on the association between uric acid and os-
teoporosis have not been empirically examined, and fur-
ther research is needed.

In the present study, we examined the association between
uric acid and BMD in peri- and postmenopausal Japanese
women. We hypothesized that BMD and uric acid are linearly
and positively associated independent of covariates including
the menopausal status in the normal range of serum uric acid,
but the association becomes inverse in the hyperuricemic
range.
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Methods
Subjects

This was a retrospective analysis of medical records obtained
from Kanto Central Hospital which is a 470-bed urban teach-
ing hospital in Tokyo funded and run by the Mutual Aid
Association of Public School Teachers. Teachers who work
at public schools and belong to the Association have health
checkup annually at the Center for Health Check-up and
Preventive Medicine of the Hospital since workers are re-
quired by law to have annual health checkup regardless of
their age in Japan. Health checkup is performed in a standard-
ized manner, consisting of consultation with a doctor, height
and weight measurement, laboratory tests, and several studies
including chest X-ray. Lumbar spine BMD measurement by
dual-energy X-ray absorptiometry (DXA) is offered optional-
ly for teachers with financial subsidy from the association.

We drew data from the medical records of 3,814 women
aged between 45 and 75 years who received a health checkup
at the Center from August 2011 to July 2012. Of the women,
638 (16.7 %) out of 3,814 had lumbar spine BMD measure-
ment. Women with chronic kidney disease (estimated
glomerular filtration rate (GFR) lower than 60 mL/min/
1.73 m?) (n=10) or who had received treatment for osteopo-
rosis (n=8) were excluded from the analysis. Those who had
received treatment for either hypothyroidism (n =4) or hyper-
thyroidism (n=1) were also excluded because of the effect of
thyroid hormones on bone [26]. No women received oral
steroids, loop diuretics, high-dose thiazide diuretics, hormone
replacement therapy, or treatment for hyperuricemia or chron-
ic liver disease. After exclusion, 615 women were included in
the analysis. This study was approved by the Ethics
Committee of Kanto Central Hospital.

Measurements

Standardized interviews and self-reported questionnaires were
used to obtain the following information: age (years), smoking
habit (current smoker, past smoker, or never smoked), drink-
ing habit [abstainer, infrequent (non-abstainer but one or less
drink per week), and light (more than one drink per week but
one or less per day), or moderate to heavy (more than one
drink per day)], physical activity (any regular exercise or
none), age at menopause, medical history, and use of prescrip-
tion medication. Height and weight were measured using a
fixed stadiometer and a digital scale, with the participant
wearing light clothing. Body mass index (BMI) was calculat-
ed from weight and height.

Fasting blood samples were collected from each partici-
pant, and serum uric acid, creatinine, calcium, and alkaline
phosphatase were measured using a standard technique with a
medical autoanalyzer (BioMajesty JCA-BM2250). The assay
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