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Association of Serum Uric Acid and Incident Nonspine
Fractures in Elderly Men: The Osteoporotic Fractures
in Men (MrOS) Study
Nancy E Lane,1 Neeta Parimi,2 Li‐Yung Lui,2 Barton L Wise,1 Wei Yao,1 Yu‐An Evan Lay,1 Peggy M Cawthon,2

Eric Orwoll,3 and for the Osteoporotic Fractures in Men (MrOS) Study Group
1University of California at Davis, Sacramento, CA, USA
2California Pacific Medical Center, San Francisco, CA, USA
3Oregon Health & Science University, Portland, OR, USA

ABSTRACT
Uric acid (UA) is produced from purines by the enzyme xanthine oxidase, and elevated levels may cause arthritis and kidney stones.
Conversely, UA also appears to function as an antioxidant and may protect against the oxidative stress associated with aging and
disease. We performed a prospective fracture case‐cohort study to understand the relation of UA and fracture risk in older men
enrolled in the Osteoporotic Fractures in Men (MrOS) study. In the cohort of 5994men aged 65 years and older attending the baseline
MrOS examination, we evaluated a subgroup 1680 men in a case‐cohort study design. The analytic group included 387 men with
incident nonspine fractures (73 hip) and a random sample of 1383. Serum UA was measured in baseline serum samples. Modified
proportional hazards models that account for case‐cohort study design were used to estimate the relative hazards (RH) of hip and
nonspine fracture in men for serum UA. Models were adjusted for age, race, clinic site, body mass index, vitamin D, parathyroid
hormone, walking speed, Physical Activity Scale for the Elderly (PASE) score, frailty, and total. Subjects with incident nonspine
fractures were older, had lower total hip bonemineral density (BMD), and higher serumphosphorus. There was an 18%decreased risk
of nonspine fractures (95% confidence interval [CI] 0.71–0.93; p¼ 0.003) per 1 SD increase of baseline serum and 34% decreased risk
of nonspine fractures in quartile 4 of UA versus quartiles 1, 2, and 3 (95% CI 0.49–0.89; p¼ 0.028) compared with nonfracture cases
after multivariate adjustment. Hip fractures were not significantly associated with UA. Total hip BMD was significantly higher in the
group of men with high UA levels compared with lower UA levels and increased linearly across quartiles of UA after multivariate
adjustment (p for trend¼ 0.002). In summary, higher serum UA levels were associated with a reduction in risk of incident nonspine
fractures but not hip fractures and higher hip BMD. © 2014 American Society for Bone and Mineral Research.

KEY WORDS: AGING; DXA < ANALYSIS/QUANTITATION OF BONE; EPIDEMIOLOGY

Introduction

Elevated serum uric acid (UA) level, or hyperuricemia, is a
metabolic disorder that is often associated with acute and

chronic attacks of gouty arthritis resulting from the deposition of
monosodium urate crystals in joints. Elevated serum UA is also
associated with an increased risk of nephrolithiasis. The
prevalence of gout is 1% of the general population; however,
the prevalence is not similar across all age groups because it
increases with age and is higher in middle‐aged and older men
and older (postmenopausal) women compared with younger
individuals.(1) Hyperuricemia is the most significant predisposing
factor for the development of gout, and it results from either
increased production or reduced excretion of UA, or both.(1,2)

UA is the end product from the breakdown of purines
in humans. Normal serum levels of UA are generally below

6.8mg/dL. Recent studies have reported that an elevated serum
level of UA is a risk factor for bothhypertension and cardiovascular
disease, renal disease, type 2 diabetes mellitus, and metabolic
syndrome. The proposedmechanism is through direct interaction
of the UA with the vascular endothelial cells.(2–7) However, serum
UA is also a potent antioxidant and is reported to account for
nearly 50% of the antioxidant activity in the plasma.(8,9) As a result
of this antioxidant effect, investigators have examined whether
higher levels of UA were associated with lower risk of disorders
characterized by high oxidative states including neurodegenera-
tive disorders like Parkinson’s disease and osteoporosis. A strong
inverse relationshiphasbeen reported for serumUAand the riskof
Parkinson’s disease, bone mineral density (BMD) and prevalent
fractures in oldermen, bonemass in perimenopausal women, and
postmenopausal bone loss inwomen.(10–15) The relationofUAand
bone density is hypothesized to be through its antioxidant effects.
Both observational and epidemiologic studies have reported an
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association of oxidative stress or low levels of antioxidants with
reduced bone mineral density and osteoporosis.(15–17) In a large
population‐based study of older men, higher serum UA levels
were associatedwith significantly higher BMD at the lumbar spine
and hip and prevalent fractures at the lumbar spine and hip even
after adjustments for covariates.(2) Ahn and colleagues reported
that higher serum UA was associated with higher bone mass,
lower bone turnover, and lower prevalence of vertebral fracture in
postmenopausal women.(12) Also, a longitudinal study of peri‐ and
postmenopausal women reported that higher serum UA levels
reduced the rate of bone loss by an average of 9.7 years later for
lumbar spine, forearm, and whole body bone mass after
adjustments for possible confounders including lean mass and
fat mass.(15)

Although the relation of serum UA and bone mass and
prevalent fractures has been reported, there is little to no
information about the association of serum UA with incident
fracture risk. Therefore, the purpose of our study was to perform
a prospective case‐cohort study to understand the relation of
serum UA and fracture risk in older men enrolled in the
Osteoporotic Fractures in Men (MrOS) study.

Materials and Methods

Study Population

A total of 5994 community‐dwelling men at six clinical centers in
the United States (Birmingham, AL; Minneapolis, MN; Palo Alto,
CA; Monongahela Valley near Pittsburgh, PA; Portland, OR; and
San Diego, CA) enrolled in the MrOS (from March 2000 through
April 2002), a study of osteoporosis and fractures in elderly
men.(18,19) Eligible men were aged 65 years or older, without
bilateral hip replacements, and able to walk without the
assistance of another person. Details of the MrOS design and
cohort have been published elsewhere.(18,19) The Institutional
Review Board (IRB) at each center approved the study protocol,
andwritten informed consent was obtained from all participants.

Follow‐up and outcome ascertainment

Tri‐annual questionnaires were sent to the men to report any
fractures. All nonspine fractures were verified bymedical records
and confirmed by blinded central adjudicators.(20) Pathologic
fractures were excluded.

Case‐cohort study design

The current study is a prospective case‐cohort study of men
nested within MrOS. Men with 5 or more vials of archived serum
were eligible for inclusion in the study. Hence, of the 5994 MrOS
participants enrolled in the study, 5649 had sufficient serum
archived. Of thesemen, the first 1385 samples of serum collected
were selected to serve as the subcohort. Over 5.3 years of follow‐
up, 90 nonspine fractures (including 16 hip fractures) arose from
the randomly selected subcohort. Among the 4264 participants
not selected for the random cohort, there were 297 nonspine
fractures (including 57 hip fractures) that occurred over 5.3 years
of follow‐up in the remainingMrOS cohort. Hence, a total of 1682
participants including 387 nonspine fracture cases and 1295
non‐cases were selected for UA measures. Two participants with
missing UA levels owing to invalid assays were excluded,
resulting in 1383 men in the subcohort and 297 fracture cases
outside of the cohort for this study. The total study sample for the
nonspine fracture analyses was 1680men (Fig. 1). Similarly, there

were 73 hip fractures with 16 occurring in the subcohort and 57
hip fracture cases outside the cohort resulting in 1440 men for
the hip fracture analysis.

Vitamin D, parathyroid hormone (PTH), and cystatin C
assays

Fasting morning blood was collected; sera was protected from
sunlight, prepared immediately after phlebotomy, and was
stored at�70°C until first thawed for vitamin D, PTH, and cystatin
C and creatinine assays. Measures for 25(OH) vitamin D2 (derived
from ergocalciferol) and 25(OH) vitamin D3 (derived from
cholecalciferol) were performed at the Mayo Clinic using mass
spectrometry as previously described.(21) Total 25(OH) vitamin D
was calculated by summing the values of 25(OH)vitamin D2 and
25(OH)vitamin D3. Total intact PTH was assessed at Columbia
University using the 115 immunoradiometric assay from Scanti-
bodies (3KG600). Serum cystatin C levels were determined using
a BN100 nephelometer (Dade Behring Inc., Deerfield, IL, USA)
using a particle‐enhanced immunonepholometric assay.(22)

Serum creatinine, calcium, and phosphate concentrations were
measured using a Roche COBAS Integra 800 analyzer (Roche
Diagnostic Corporation, Indianapolis, IN, USA) at the Portland VA
Medical Center using an enzymatic method calibrated with
materials assayed by isotope‐dilution mass spectrometry (IDMS).
A combined formula using standardized cystatin C and
creatinine‐based estimated glomerular filtration rate (eGFRcysC)
was computed using a CKD‐EPI creatinine‐cystatin C equation
given that this was shown to be the most accurate estimate of
renal function in a recent publication.(23–25)

UA assays

UA assays were conducted in the clinical pathology laboratory at
University of California at Davis Medical Center using serum

Fig. 1. Case‐cohort design for the MrOS Uric Acid and Fracture Study.

1702 LANE ET AL. Journal of Bone and Mineral Research



collected at the baseline visit. Samples were thawed and the
assays performed on a UnicalDxC 800 auto‐analyzer (Beckman
Coulter, Fullerton, CA, USA). The interassay and intra‐assay
reproducibility of this measurement is greater than 99%. The UA
assay has a detection limit of 0.01mmol/L, reference range of
0.18 to 0.41mmol/L, and a combined measurement of
uncertainty of 1.1% at 0.18 and 0.44mmol/L in the University
of California at Davis Medical Center clinical laboratory.

Other measures

All covariates were assessed at baseline. Participants completed
questionnaires to ascertain information on date of birth, race/
ethnicity, self‐rated health, self‐reported doctor‐diagnosed gout,
fracture history, alcohol intake, physical‐diagnosed gout, and
history of falls. Physical performance was assessed using the
Physical Activity Scale for the Elderly (PASE).(26) Physical function
was assessed usingwalking speed (time in seconds towalk 6m at
usual pace expressed as m/s). BMD (g/cm2) of the total hip was
measured using fan‐beam dual‐energy X‐ray absorptiometry
(DXA) (QDR 4500W, Hologic Inc., Bedford, MA, USA).(18,27,28)

Height (cm) was measured on Harpenden stadiometers, and
weight (kg) was measured on standard balance beam or digital
scales using standard protocols, with participants wearing light
clothing without shoes. Body mass index (BMI) was calculated as
kg/m2.
Frailty status was defined using a slightly modified criteria

proposed by Fried and colleagues using data collected in the
Cardiovascular Health Study.(29,30) Frailty was identified by the
presence of three or more of the following five components: 1)
shrinking/sarcopenia defined by appendicular lean mass (ad-
justed for height and total body fat) in lowest quintile; 2)
weakness defined by grip strength in lowest quintile stratified by
BMI quartile; 3) exhaustion defined by an answer of “a little or
none” to the question “How much of the time during the past
4 weeks did you have a lot of energy?” from the Medical
Outcomes Study SF‐12;(31) 4) slowness defined by a walking
speed in lowest quintile stratified by standing height (median); 5)
low physical activity level defined by a PASE score in lowest
quintile.(26)

A modified Block Food Frequency questionnaire was adminis-
tered to assess usual dietary and supplement intake over the past
year (Block Dietary Data Services, Berkeley, CA, USA). Vitamin D
and calcium intake were examined in these analyses. Values for
participants who reported a total of <400 kcal per day were
recorded asmissing. At baseline, participants were asked to bring
in all medications used within the last 30 days. All prescription
medications recorded by the clinics were stored in an electronic
medications inventory database (San Francisco Coordinating
Center, San Francisco, CA, USA). Eachmedicationwasmatched to
its ingredient(s) based on the Iowa Drug Information Service
(IDIS) Drug Vocabulary (College of Pharmacy, University of Iowa,
Iowa City, IA, USA).

Statistical methods

Baseline characteristics were compared in the subcohort across
quartiles of UA using chi‐square tests for categorical variables,
ANOVA for normally distributed continuous variables, and
Wilcoxon nonparametric tests for nonparametric distributed
covariates. Baseline characteristics were also compared between
fracture cases and nonfracture cases (data not shown). Baseline
characteristics that were associated with nonspine fracture and
UA at p< 0.1 were identified as confounders. Other covariates

known to be confounders from the literature were also selected
such as physical activity, vitamin D, and PTH. Associations were
first examined in our base model, which included adjustment for
age, clinic, race, and BMI and total hip BMD in fracture models.
Models were further adjusted for vitamin D, PTH, walking speed,
PASE score, and frailty. To determine if the association between
UA and fractures and hip BMD was independent of renal
function, models were then further adjusted for eGFR.

Associations between UA and BMD levels were assessed in the
random cohort by generalized linear models. Adjusted least
square means of total hip BMD across quartiles of UA and p for
linear trend by expressing quartiles of UA as an ordinal variable
were calculated.

Hazard ratios (HR) and 95% confidence intervals were
calculated from the Cox proportional hazards models modified
for case‐cohort analysis to test the association of nonspine frac-
tures and UA across quartiles and per standard deviation increase
in UA. Serum UA levels were divided into quartile categories
defined on the basis of the distribution in the random cohort. The
lowest quartile formed the referent group. Similar models were
performed for the association of hip fractures and UA.

Results

The mean age was 73 years and 91% of the subjects were white.
BMI and femoral neck BMD were higher in men with high levels
of UA (Table 1, p< 0.001) compared with lower UA levels. Frailty
status and walking speed were significantly associated with UA,
although the directions of associations appeared nonlinear
across quartiles. There were no significant differences in 25(OH)
vitamin D, phosphorus levels, PASE score, prevalent fractures, or
history of falls across the quartiles of UA. However, serum
creatinine, cystatin C, and PTH were higher and eGFR was lower
in themen in the highest UA quartile compared with those in the
other quartiles of UA (p< 0.001). In addition, men in the highest
quartile of UA were more likely to use thiazide, diuretics, and oral
or inhaled corticosteroids compared with men with lower UA
levels. There were no significant differences in smoking, alcohol
drinks per week, history of falls, or bisphosphonate use across UA
quartiles (data not shown in Table 1). Menwith nonspine fracture
were older, mostly white, were more likely to have a history of
fracture after age 50 years and falls, had slower walking speed,
weremore frail, and had less alcoholic drinks per week compared
with those who did not fracture (data not shown). In addition,
men with nonspine fractures had lower hip BMD and higher
serum creatinine and phosphorous levels than thosewho did not
fracture (data not shown). There were no significant differences
in 25(OH) vitamin D, serum calcium, and eGFR between nonspine
fracture cases and non‐cases.

Association of total hip BMD and UA

The mean total hip BMD in the random cohort was 0.95 g/cm2

(SD 0.14). Total hip BMD increased linearly across quartiles of UA
after multivariate adjustment for age, race, clinic status, BMI,
walking speed, vitamin D, PTH, fracture history, and frailty (p for
trend¼ 0.002). The linear trend remained after adjustment for
eGFR (p for trend¼ 0.0023) (Fig. 2).

Association of fracture and uric acid

The mean serum UA in the study population was 6.0 pg/dL
(range 2.6–13.59 pg/dL). There was an 18% decrease in nonspine
fracture risk per SD increase in UA (hazard ratio [HR]¼ 0.82, 95%
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confidence interval [CI] 0.72–0.93) in base models adjusted for
age, race, BMI, clinic status, and total hip BMD (Table 2). Results
remained significant after further adjustments for vitamin D, PTH,
walking speed, PASE score, and frailty (HR¼ 0.81, 95% CI 0.71–
0.93). A graded association with nonspine fractures and increase
in UA quartiles was observed (p for trend in MV models¼ 0.003)

(Table 2). Men in the highest quartile of UA had a significantly
lower risk of nonspine fracture compared with men in Q1
(HR¼ 0.59, 95% CI 0.41–0.84). Results were slightly attenuated
but remained significant when models were further adjusted for
eGFR (HR for Q4 versus Q1¼ 0.61, 95% CI 0.41–0.91, p for
trend¼ 0.014) (Table 2).

There was a significant association of hip fracture in men with
the highest UA compared with men with lower UA levels (HR for
Q4 versus Q1, 2, 3¼ 0.45, 95% CI 0.21–0.97) in multivariable
models. However, this association was attenuated after adjust-
ment for eGFR (HR Q4 versus Q1, 2, 3¼ 0.49, 95% CI 0.21–1.18)
(Table 2).

Exclusion of men using allopurinol medication or
having gout disease

After excluding 144 men with gout disease and/or allopurinol
medication use, there was no significant change in the
association between nonspine fractures or hip fractures and
UA levels. Similarly, there was no difference in the association
between total hip BMD and nonspine or hip fractures after
exclusion of 108 men in the random cohort with gout disease or
using allopurinol medication.

Discussion

Serum UA is frequently measured in clinical medicine as a
biochemical parameter of purine metabolism, and elevated
levels are associated with gout (a crystalline arthritis), renal
disease, and recently cardiovascular outcomes.(3–7) We have

Table 1. Baseline Characteristics Across Quartiles of Uric Acid (mg/dL) in the Random Cohort

Characteristics

Q1: 2.6 to 5.0 Q2: 5.1 to 5.8 Q3: 5.9 to 6.6 Q4: 6.7 to 13.6

(n¼ 297) (n¼ 379) (n¼ 337) (n¼ 370) p Value

Mean� SD
Age (years) 73.8� 5.8 73.7� 5.6 73.6� 6 74.1� 6.1 0.598
BMI (kg/m2) 26.7� 3.6 27.3� 3.6 27.1� 3.3 28.3� 4.0 <0.0001
Total hip BMD (g/cm2) 0.929� 0.146 0.943� 0.139 0.948� 0.134 0.981� 0.144 0.0003
Uric acid mg/dL 4.4� 0.5 5.5� 0.2 6.2� 0.2 7.6� 1.0 <0.0001
25(OH) total vitamin D (ng/mL) 25.5� 7.6 25.1� 8.1 25.5� 7.6 24.8� 8.6 0.590
Total intact PTH (pg/mL) 29.1� 12.3 30.7� 11.7 32.7� 13.2 40.9� 46.1 <0.0001
eGFR (mL/min/1.73m2) 81.3� 13.9 76.8� 14.2 75.6� 14.3 64.1� 17.9 <0.0001
Serum phosphate (mg/dL) 3.2� 0.4 3.2� 0.4 3.2� 0.4 3.2� 0.5 0.228
Creatinine (mg/dL) 9.3� 0.3 9.3� 0.4 9.3� 0.4 9.4� 0.4 0.0022
Serum calcium (mg/dL) 0.9� 0.2 1.0� 0.2 1� 0.2 1.2� 0.4 <0.0001
Serum cystatin C (mg/L) 0.86� 0.18 0.91� 0.18 0.91� 0.18 1.09� 0.33 <0.0001
PASE score 151.4� 70.8 149.1� 68.1 149.4� 67.3 139.8� 69.6 0.1117
6‐Meter usual pace (m/sec) 1.2� 0.2 1.3� 0.2 1.3� 0.2 1.2� 0.2 0.0008
Vitamin D supplements (IU) 425.2� 256.7 396.2� 244.25 389.2� 249.4 344.3� 238.5 0.0003
Calcium supplements (IU) 1206.9� 634.3 1201.5� 592.4 1159.5� 587.5 1035.7� 568.0 0.0001
White, n (%) 269 (90.6) 352 (92.9) 313 (92.9) 324 (87.6) 0.0378
Self‐reported health status, n (%) 256 (86.2) 329 (86.8) 296 (87.8) 293 (79.4) 0.006
History of gout, n (%) 13 (4.4) 31 (8.2) 13 (3.7) 50 (13.5) <0.0001
History of fracture after age 50 years, n (%) 83 (28.1) 76 (20.1) 75 (22.3) 86 (23.3) 0.2915
Thiazide use, n (%) 16 (5.5) 30 (8.3) 44 (14.0) 89 (24.9) <0.0001
Loop diuretic use, n (%) 7 (2.4) 6 (1.67) 15 (4.8) 39 (10.9) <0.0001

Frail status 0.0126
Robust, n (%) 133 (44.8) 169 (44.6) 171 (50.7) 148 (40)
Pre‐frail, n (%) 137 (46.1) 185 (48.8) 143 (42.3) 175 (47.3)
Frail, n (%) 27 (9.1) 25 (6.6) 23 (6.8) 47 (12.7)

Fig. 2. Adjusted means and 95% CI for total hip BMD across quartiles of
uric acid (mg/dL). Dotted bars¼models adjusted for age, race, clinic site,
BMI, vitamin D, PTH, walking speed, frailty status, and PASE score. Dashed
bars¼models adjusted for age, race, clinic site, BMI, vitamin D, PTH,
walking speed, frailty status, PASE score, and eGFR.
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studied a large population of older mostly white men and found
that elevated serumUAwas associated with both increased BMD
at the total hip and reduced risk of incident nonspine fractures.
The results remained statistically significant even after adjust-
ment for renal disease.
Our results are similar to those reported by Nabipour and

colleagues,(2) who found higher serum UA levels defined as
above the median values of 0.36mmol/L were also associated
with higher BMD at all skeletal sites evaluated. Also, serum UA
values above the median level reduced the odds of prevalent
vertebral and nonspine fractures by 35% to 49%. Although the
serum UA accounted for 1.0% to 1.44% of the variance in the
BMD with R2 values between 0.10 to 022, in multivariate
regression models serum UA levels above the median reduced
the odds of osteoporosis defined by T‐score of �2.5 at the
lumbar spine to 0.44, and for the femoral neck to 0.42. The
characteristics of the CHAMP cohort of elderly men that was
studied is quite similar to the MrOS cohort including the range of
the age of the participants (73 to 76 years), total hip BMD, eGFR,
average serum UA levels, and PASE levels.(2)

The association of serumUA and BMD has also been observed
in women. Markovey and colleagues performed both cross‐
sectional and longitudinal analyses of serum UA and bone
density and bone loss in peri‐ and postmenopausal women.(15)

The cross‐sectional analyses revealed nearly a 6% difference
from quartile 4 to quartile 1 for lumbar spine BMD, 2% for
femoral neck, 2% total hip (p< 0.01) and 1% for total body BMD
(p< 0.05).(15) A multiple regression analysis was performed to
adjust for the differences in body weight across the quartiles
and the results still remained significant. In addition, higher
serum UA levels were associated with less annual loss of BMD at
the lumbar spine, forearm, and total body but not at the hip. The
observed reduction in protection of hip BMD by serum UA over
time may be explained by the hip BMD influence of both body
composition and weight‐bearing activities.(15) However, the
lumbar spine differs from the hip in that it contains a
significantly higher percentage of the more metabolically
active trabecular bone so that it may be more affected by
elevation of serum UA.
Recently, Ahn and colleagues reported that serum UA was

positively correlated with bone mass at the lumbar spine and at
the hip in a cohort of healthy postmenopausal women.(12) They
also found serum UA was inversely related to serum C‐terminal
telopeptide of type I collagen and osteocalcin levels. The subjects
with prevalent vertebral fractures had significantly lower serum

UA compared with subjects without fractures. The investigators
performed in vitro studies of osteoclastogenesis and reported
that exposure to increasing doses of uric acid decreased
osteoclastogenesis by reducing reactive oxygen species produc-
tion. These investigators confirmed the strong association with
serum UA and bone mass and bone strength and further
investigated the mechanism for this association by concluding
that the mechanism appears to be through reduction in number
and activity of osteoclasts that resorb bone. Additional work to
further characterize this observation is warranted.(12)

Patients with elevated serum UA levels frequently have
reduced renal function. The reduction in renal function alters the
conversion of 25 vitamin D to 1,25 vitamin D as the 1 hydroxylase
enzyme levels are reduced, and this can lead to an increase in
serum PTH. In our study, increasing levels of serum UA was
significantly associated with increasing serum creatinine and
PTH levels and decreasing levels of eGFR. There was a nonlinear
association with increasing UA levels and calcium. Interestingly,
Nabipour and colleagues(2) observed that serum UA was
positively correlated with serum PTH and calcium concentra-
tions, and Yoneda and Valdemarsson observed that patients with
hyperparathyroidism had higher serum UA and lower UA
clearance that subjects with idiopathic hypoparathyroidism;
however, the serum UA returned to normal with successful
parathyroidectomy.(32,33) Serum UA has been reported to
increase in osteoporotic patients with daily injections of
recombinant human PTH (1‐34).(34) These results suggest that
renal handling of UA is somewhat dependent on serum PTH
values. However, the association between UA with fracture and
BMD was not explained by PTH levels in our analysis.

The mechanism for the association between serum UA and
BMD is not clear. UA is the final breakdown product of purine
metabolism and it crystalline state has inflammatory proper-
ties,(2,15) whereas the soluble form within the normal physiologic
levels may have antioxidant properties.(8,15,31–33) UA accounts for
nearly half of the antioxidant properties in the circulation,(3) and
studies have associated oxidative stress or low serum levels of
antioxidants to reduced BMD and osteoporosis.(12–15) Investi-
gators have hypothesized that the antioxidant effects of elevated
UA might protect against oxidative stress, such as oxidative
injury to cardiac, vascular, and neural cells.(35–37) Support for
these hypotheses has come from studies that show elevated
serum UA levels protect against the development of Parkinson’s
disease.(10,11) UA has a strong antioxidant effect at physiologic
concentrations, and oxidative stress has been proposed as a

Table 2. Association of Fractures With Uric Acid

Uric acid (mg/dL)

Nonspine fractures Hip fractures

Base model1 MV2 MVþ eGFR Base model MV MVþ eGFR

Per SD increase 0.82 (0.72–0.93) 0.81 (0.71–0.93) 0.82 (0.7–0.95) 0.79 (0.57–1.09) 0.78 (0.56–1.09) 0.83 (0.56–1.24)
Quartiles of uric acid
Q1: 2.6 to 5.0 (ref) 1.00 1.00 1.00 1.00 1.00 1.00
Q2: 5.1 to 5.8 0.85 (0.62–1.16) 0.88 (0.64–1.21) 0.88 (0.63–1.21) 0.93 (0.46–1.86) 0.99 (0.49–2.00) 0.97 (0.47–2.01)
Q3: 5.9 to 6.6 0.78 (0.56–1.08) 0.81 (0.58–1.13) 0.82 (0.59–1.14) 0.92 (0.47–1.81) 0.97 (0.49–1.93) 1.01 (0.51–1.99)
Q4: 6.7 to 13.6 0.60 (0.43–0.85) 0.59 (0.41–0.84) 0.61 (0.41–0.91) 0.48 (0.21–1.09) 0.44 (0.18–1.06) 0.49 (0.18–1.33)
p for trend 0.0038 0.0032 0.014 0.0883 0.069 0.213

Q4 versus Q1, Q2, Q3 0.69 (0.52–0.93) 0.66 (0.49–0.89) 0.69 (0.49–0.96) 0.5 (0.25–1.03) 0.45 (0.21–0.97) 0.49 (0.21–1.18)

eGFR¼ estimated glomerular filtration rate.
1Base model adjusted for age, race, clinic site, BMI, and total hip BMD for fracture models.
2MV (multivariate) model adjusted for covariates in base model and vitamin D, PTH, PASE score, walking speed, and frailty status.
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major predictor of Parkinson’s disease.(10,11) An in vitro study
demonstrated that administration of UA reduced the adverse
effects of homocysteine, whereas pesticides increased oxidative
stress, mitochondrial dysfunction, and apoptosis on human
dopaminergic cells.(38) However, it may be the precursors of
serum UA that could be responsible for the protective
associations including a nucleotide, inosine, that is deribosylated
and oxidized to urate and has been demonstrated to have
neuroprotective actions in patients with both stroke andmultiple
sclerosis.(10,39–41)

However, elevated serum UA has also been associated with
endothelial dysfunction, and UA‐induced endothelial dysfunc-
tion is associated with mitochondrial alterations and decreased
intracellular ATP that may contribute to the pathogenesis of
hypertension and vascular disease. It is possible that a
mitochondrial dysfunction may be along the causal pathway
of UA and diabetes mellitus.(42)

This study has a number of strengths including a well‐
characterized longitudinal cohort of elderly men with informa-
tion on both risk factors and central validation of fractures; more
than 97% of the enrolled subjects have complete follow‐up. Also,
our cohort of men was recruited from the community and not
clinical practices such that the sample was not selected for
comorbid diseases that would influence serum UA levels.
However, there are a few shortcomings that include a single
measure of serum UA levels at the baseline visit; the potential
effects of change on UA levels on fracture risk were not
examined. In addition, we performed our analysis on baseline
serum that had been thawed and then refrozen, and this may
have influenced our results. However, we utilized a standard
clinical laboratory‐based assay, and themean values of serumUA
were within the normal clinical range. Also, we only report results
on older men; therefore, these results are not generalizable to
older women or younger individuals.

In conclusion, in this large community‐based cohort of elderly
men, serum UA levels within the physiologic range were
significantly associated with a reduction in incident nonspine
fractures and increased BMD. These data confirm other reports
that serum UA protects bone mass older adults. Based on these
data, we hypothesize that serum UA may have an antioxidant
activity that may prevent the loss of bone mass and nonspine
fractures. Additional studies to understand the mechanism for
the protective effects of UA on bone mass and strength are
warranted.
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