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Evaluation of the relationship between uric acid and bone
mineral density in postmenopausal women: a single center
retrospective study
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ABSTRACT

Objectives: Osteoporosis is an important public health problem which is characterized by loss of bone mass resulting in susceptibility to fractures. There is
much evidence indicating that uric acid, a final enzymatic product of purine metabolism, has beneficial antioxidant effects on several chronic diseases such as
diabetes mellitus, hypertension and cardiovascular diseases. We aimed to evaluate the relationship between serum uric acid levels and bone mineral density
(BMD) on postmenopausal osteoporosis in the present study.

Material and Method: This study was carried out at the Bolu [zzet Baysal Physical Medicine and Rehabilitation Training and Research Hospital, Department
of Physical Medicine and Rehabilitation. The medical records of 1200 postmenopausal women between January 2019 and 2020 who had dual energy x-ray
absorptiometry (DEXA) examination and serum uric acid levels recorded were screened retrospectively. In total, 92 individuals with osteoporosis and 399
healthy individuals were included in the study after exclusion of subjects with systemic diseases or taking drugs affecting bone metabolism or uric acid levels.
Bone mineral density and T scores of femur neck (F neck) and lumbar spine (L2-L4), glucose, AST, ALT, creatinine, alkaline phosphatase, calcium, phosphate,
parathormone (PTH), albumin and total protein were all recorded in individuals.

Results: Serum uric acid concentrations were found to be significantly lower in the osteoporosis group compared with the control group [4.65(2.40-7.80)
vs 5.20 (3.80-9.40); p<0.001, respectively]. In correlation analysis, uric acid was significantly associated with fasting blood glucose (r=0.129, p=0.004),
creatinine (r=0.374, p<0.001), calcium (r=0.201, p<0.001), total protein (r=0.123, p=0.006) and TSH (r=0.108, p=0.017). Correlation analysis also revealed a
significant and positive correlation between uric acid and L2-L4 BMD (r=0.255, p<0.001). L2-L4 BMD was found to be independently related with uric acid
in multivariate linear regression analysis after adjustment for confounding factors (B=1.619, p<0.001).

Conclusion: Our findings revealed that serum uric acid levels and lumbar (L2-L4) BMD were independently associated with each other in postmenopausal
osteoporosis. Further studies are needed to determine the association of uric acid with osteoporosis and to address the utility of uric acid in clinical practice.
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0z
Amag: Osteoporoz, kemik kiitlesi kayb1 ve kiriklara yatkinlikla sonuglanan 6nemli bir halk sagligi sorunudur. Piirin metabolizmasinin son enzimatik iiriini
olan tirik asitin diyabetes mellitus, hipertansiyon ve kardiyovaskiiler hastaliklar gibi gesitli kronik hastaliklar tizerinde faydali antioksidan etkilere sahip

oldugunu gosteren gok sayida kanit vardir. Bu galismada postmenopozal osteoporozda serum firik asit diizeyleri ile kemik mineral yogunlugu (KMY)
arasindaki iliskiyi degerlendirmeyi amagladik.

Gereg ve Yontem: Bu caligma Bolu Abant {zzet Baysal Egitim ve Arastirma Hastanesi, Fizik Tedavi ve Rehabilitasyon Kliniginde yapildi. Ocak 2019 ve 2020
yillar arasinda gift-enerjili X-151n1 absorbsiyometri (DEXA) incelemesi olan ve serum tirik asit diizeyleri kaydedilmis olan 1200 postmenopozal kadinin tibbi
kayitlar: retrospektif olarak tarandi. Sistemik hastaliklar1 olan veya kemik metabolizmasini veya iirik asit diizeylerini etkileyen ilag alan bireyler dislandiktan
sonra toplamda 92 osteoporozlu ve 399 saglikli birey ¢alismaya dahil edildi. Tiim bireylerde KMY, femur boynu ve lomber vertebra (L2-4) T skoru, serum
glukoz, AST, ALT, kreatinin, alkalen fosfataz, kalsiyum, fosfor, parathormon ve total protein diizeyleri kaydedildi.

Bulgular: Serum iirik asit konsantrasyonlari, osteoporoz grubunda kontrol grubuna gére anlamli derecede diisiik bulundu [4.65 (2.40-7.80)-5.20 (3.80-
9.40); p<0.001, sirastyla]. Korelasyon analizinde trik asit anlamli bir sekilde aglik kan sekeri (r=0.129, p=0.004), kreatinin (r=0.374, p<0.001), kalsiyum
(r=0.201, p<0.001), toplam protein (r=0.123, p=0.006) ve tiroid uyaricit hormon (TSH) (r=0.108, p=0.017) ile iliskili idi. Korelasyon analizi tirik asit ile L2-L4
KMY arasinda anlamli ve pozitif bir korelasyon oldugunu ortaya koydu (r=0.255, p<0.001). Coklu dogrusal regresyon analizinde karistirici faktorlerin etkisi
arindirildiktan sonra L2-L4 KMY iirik asit ile bagimsiz olarak iliskili bulundu (B=1.619, p<0.001).

Sonug: Bulgularimiz, postmenopozal osteoporozda serum iirik asit diizeyleri ve lomber (L2-14) KMY’nin bagimsiz iligkili oldugunu ortaya koydu. Urik asit ile
osteoporoz arasindaki iliskiyi belirlemek ve tirik asidin klinik uygulamadaki kullanimini degerlendirmek i¢in daha fazla ¢alismaya ihtiyag vardir.

Anahtar kelimeler: Osteoporoz, tirik asit, kemik mineral yogunlugu, postmenopozal kadin
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INTRODUCTION

Osteoporosis is a metabolic bone disease causing reduced
bone mass and degradation of bone microarchitecture
resulting in bone fragility and increased fracture risk (1).
The bone remodeling process occurs with equilibrium
between osteoclasts and osteoblasts. Cytokines emerging
during this cycle increase osteoclastic activity and lower
osteoblastic activity (2). Osteoporosis development is
observed in the elderly and those with diseases involving
systemic inflammation (3).

Uric acid occurs as the final product of purine
metabolism, especially in the liver. Mean serum uric
acid levels vary according to sex, but are higher in
males (4). Uric acid found in tissues may have crystal or
soluble structure according to properties and may have
antioxidant or prooxidant features (5). Some studies in
the literature have reported hyperuricemia is associated
with inflammation and plays a role in osteoporosis
pathogenesis (6). Additionally, it was associated with
gout, metabolic syndrome and cardiovascular diseases
due to prooxidant features (7). Furthermore, there
are publications stating it has protective effect against
diseases with chronic inflammation like osteoporosis
and Alzheimer disease (8,9). When the literature is
investigated, there are contradictory results about
the correlation between serum uric acid levels and
osteoporosis. In our study we aimed to investigate the
correlation between serum uric acid levels and bone
mineral density (BMD) in women with postmenopausal
osteoporosis.

MATERIAL AND METHOD

This retrospective study was carried out at the Bolu
[zzet Baysal Physical Medicine and Rehabilitation
Training and Research Hospital, Department of Physical
Medicine and Rehabilitation. The study protocol abided
by the principals of the Helsinki Declaration. Electronic
records of 1200 postmenopausal women between
January 2019 and 2020 who had dual energy X-ray
absorptiometry (DEXA) examination were analyzed
retrospectively. Participants with a T score < -2.5 were
defined as osteoporosis and included in the osteoporosis
group. Control subjects were selected among healthy
individuals who were referred for routine checkup with
a T score of >-2.5 on DEXA examination. Patients using
medications affecting bone metabolism were excluded
from the study. Participants with systemic diseases such
as liver and renal disease, diabetes mellitus, thyroid
and parathyroid disease, gout, cancer, inflammatory
disease, acute and chronic infectious diseases were
also excluded from the study. In total, 92 individuals
with osteoporosis and 399 healthy individuals who had
BMD and uric acid, glucose, aspartate aminotransferase
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(AST), alanine aminotransferase (ALT), creatinine,
alkaline phosphatase, calcium (Ca), phosphate (P),
parathormone (PTH), albumin and total protein
measurements were included in the study. BMD and T
scores of femur neck (F neck) and lumbar spine (L2-1L4),
glucose, AST, ALT, creatinine, alkaline phosphatase, Ca,
P, PTH, albumin and total protein were all recorded.
Menopause was defined as the loss of menstruation for
the last 12 months.

Statistical analysis:

SPSS 25.0 program (Armonk, NY: IBM Corp.) was
used for statistical analysis. Distributions were tested for
normality using the Shapiro-Wilk test. Variables were
analyzed with Mann Whitney U test since they were
distributed non-homogeneously. Data were presented as
median (min, max). The relationship between plasmauric
acid and other variables was investigated by Spearman
correlation analysis. Multivariate linear regression
analysis was performed to investigate the association of
serum uric acid with clinical and laboratory parameters.
P values less than 0.05 were considered statistically
significant for all statistical analyses.

RESULTS

The median age of the group was 64.00 (40-80) years,
and it was comparable between the osteoporosis and
control group. There were no differences between the two
groups with regards to AST, Ca, P, 25-hydroxyvitamin
D (25 (OH) D), PTH, albumin, total protein and
thyroid stimulating hormone (TSH). The baseline
characteristics of the study population are summarized
in Table 1. The average serum uric acid concentration
was 5.33 (2.40-9.40) mg/dl and was significantly lower
in the osteoporosis group compared with the control
group [4.65 (2.40-7.80) vs. 5.20 (3.80-9.40); p<0.001,
respectively] (Tablel). Comparison of serum uric
acid between patients with osteoporosis and healthy
controls is shown in Figure 1. In correlation analysis,
uric acid was significantly associated with age (r=0.167,
p<0.001), creatinine (r=0.374, p<0.001), fasting blood
glucose (r=0.129, p=0.004), Ca (r=0.201, p<0.001),
total protein (r=0.123, p=0.006) and TSH (r=0.108,
p=0.017). Correlation analysis revealed a significant
but weak positive correlation between uric acid and
L2-L4 BMD (r=0.255, p<0.001) (Table 2). Variables
correlated with uric acid in correlation analysis were
included in multivariate linear regression analysis. L2-
L4 BMD (B=1.449, p<0.001), age (B=0.018, p=0.007), Ca
(B=0.279, p=0.002) and creatinine (B=2.358, p<0.001)
were found to be independently associated with serum
uric acid after adjustment for confounding factors
(Table 3). F neck BMD was not related with uric acid
in multivariate regression analysis after adjustment for
confounding factors.
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Table 1. Clinical and demographic characteristics of individuals

Osteoporosis (n=92) Controls (n=399) P
Age, years 65.55 (49-85) 64.28 (40-87) 0.156
Uric Acid, mg/dL 4.65 (2.40-7.80) 5.20 (3.80-9.40) <0.001
Glucose, mg/dL 92 (65-234) 94 (26-279) 0.069
ALT, U/L 15 (5-51) 16 (5-87) 0.147
AST, TU/L 19 (3-74) 19 (9-85) 0.575
Creatinine, mg/dL 0.77 (0.58-1.23) 0.80 (0.54-2.13) 0.072
Alkaline Phosphatase, U/L 71 (24-177) 68 (21-169) 0.319
Ca, mg/dL 9.40 (8.10-13.20) 9.40 (7.60-11.90) 0.346
P, mg/dL 3.70 (2.60-5.70) 3.80 (2.10-5.90) 0.126
25 (OH) Vitamin D, ng/dL 16.81 (4.40-84.84) 15.93 (3.16-96.49) 0.522
PTH, pg/mL 55.70 (14.90-215.60) 51.60 (14.20-220.20) 0.411
Albumin, g/L 40.15 (30.10-46.90) 39.90 (21.30-54.50) 0.358
Total Protein, g/L 64.65 (53.10-74.80) 66.20 (42.40-90.60) 0.256
TSH, ulU/mL 1.29 (0.41-9.13) 1.35 (0.40-9.86) 0.573
L2-4 BMD (g/cm?) 0.76 (0.60-1.45) 1.01 (0.79-1.82) <0.001
L2-4 T Score -2.80 (-4.10-3.00) -0.70 (-2.40-4.10) <0.001
F Neck T Score -1.50 (-3.50-0.30) -0.30 (-2.40-3.30) <0.001
F Neck BMD(g/cm?) 0.71 (0.31-1.03) 0.84 (0.53-1.37) <0.001
Table 2. Correlation analysis showing the association between
clinical parameters and serum uric acid levels
Variables r value p value 100007 s
Age 0.167 <0.001 q
Glucose 0.129 0.004 8,000 -
AST 0.014 0.757
ALT 0.042 0.351 T somd
Alkaline Phosphatase -0.037 0.416 E
Creatinine 0.374 <0.001 ) T
Ca 0.201 <0.001 l
P 0.056 0.214
25(OH) Vitamin D -0.013 0.772 20001 o
PTH -0.003 0.938
Albumin 0.024 0.602 o . |
Total Protein 0.123 0.006 o et
TSH CLULE JLLz Figure 1. Comparison of serum uric acid levels between patients
L2-4 BMD 0.255 <0.001 with osteoporosis and healthy controls
F neck BMD 0.083 0.065
DISCUSSION
Table 3. Multivariate linear regression analysis for uric acid Osteoporosis is a public health concern characterized by
) loss of bone mass and disruption of bone architecture
Variables B P . . o . .
resulting in susceptibility to fractures especially in
Ll L2 By postmenopausal women. There is growing evidence
F neck BMD 0.053 0.902 indicating that uric acid has beneficial effects on bone
Age 0.018 0.007 metabolism. In the present study, we investigated the
Glucose 0.001 0.445 association of serum uric acid with bone mineral density
Caleium 0279 0.002 in postmenopausal women. Our study results indicate
that uric acid levels were lower in postmenopausal
Total protein 0.014 0.121 women with osteoporosis compared with the control
Creatinine 2.358 <0.001

group and uric acid was independently associated with
BMD in the lumbar (L2-L4) spine, but not with BMD in
the F neck.

Dependent variable; uric acid, independent variables; L2-L4 BMD, F neck BMD,
age, glucose, calcium, total protein, TSH. p<0.05; statistically significant, BMD; bone
mineral density
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Many studies have addressed the association of uric acid
and bone mineral density in the literature. However, it
is remarkable that there are few studies examining this
topic especially in postmenopausal women. Chen et al.
(10) investigated the correlation of uric acid with BMD in
patients with primary osteoporosis in both genders. They
stated that uric acid was positively correlated with lumbar
(L1-L4) BMD, but not with hip BMD in agreement with
our study. In another study, Babaei et al. (11) investigated
serum uric acid status and its association with bone
mineral density in elderly people aged 60 years and older,
and they reported that serum uric acid was negatively
associated with osteoporosis in this population. Our
study design differs between these two studies, including
the patient selection; Chen at al. (10) and Babaei et al.
(10) included both men and women in their study while
only postmenopausal women were recruited in our study.
In a study consisting of 310 healthy Indian participants,
Kaushal et al. (12) categorized indiviuals into two groups
based on the uric acid levels and found that height, weight
and body mass index (BMI) in the group with serum uric
acid 5.4 mg/dL and above were statistically significantly
higher compared to the group with serum uric acid
below 5.4 mg/dL. They noted that alkaline phosphatase,
25 (OH) D, fasting blood glucose and hemoglobin Alc
(HBA1c) levels were similar between the two groups.
Increased uric acid levels were shown to be consistent
with high BMD scores in both the lumbar region and
femur neck and this effect was proposed to be due to the
antioxidant properties of uric acid. A multicenter study
by Lin et al. (13) including 17,735 people demonstrated
statistically significant correlations between uric acid
with lumbar spine BMD and lumbar spine T scores and
Z scores. They reported that high uric acid levels might
be protective against both osteoporosis and osteopenia.
Another study including men over the age of 70 years in
Australia investigated the correlation between uric acid
and BMD and obtained similar results (14).

Makovey et al. (15) showed that high uric acid levels
were associated with less annual loss of lumbar spine,
forearm and total body BMI in studies including peri/
postmenopausal women. In contrary to many studies
in the literature, this study did not show an association
between uric acid with hip BMD. In our study, similar to
the one by Makovey et al. (15) uric acid and hip BMD
were not shown to be associated with each other. The other
two studies investigating the uric acid levels and lumbar
spine BMD including pre-perimenopausal and peri-
postmenopausal female patients in the Asian population
reported similar results to our study (16,17).

When the literature is investigated, studies investigating
the correlation between serum uric acid levels with
osteoporotic fracture development are notable. In a study
by Nabipour, it was stated that higher serum uric acid
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levels were associated with a lower prevalence of vertebral
and nonvertebral fractures in older men (14). Similarly,
Chen at al. (10) reported that postmenopausal women
with history of fragility fractures had significantly lower
levels of uric acid compared to postmenopausal women
without fragility fractures and claimed that serum uric
acid might be a protective factor for bone health in
primary osteoporosis. Lane et al. (18) investigated the
correlation of uric acid and fracture risk in older men
in the osteoporotic fractures in men (MrOS) study and
they demonstrated that higher serum uric acid levels were
associated with a reduction in risk of incident nonvertebral
fractures despite the fact that it was not related with higher
hip BMD and hip fractures. In the Rotterdam study; it was
found that higher levels of uric acid were associated with
a reduction in incident osteoporotic and nonvertebral
fractures in both men and women in agreement with the
MrOS study. It was also noted that there was no association
between serum uric acid and hip or vertebral fractures. In
addition, the relationship of uric acid with favorable hip
bone geometry was first demonstrated in this study (19).

Although recent studies have reported that
hyperuricemia could help protect against the onset
of bone fractures, contradictory results are found
when the literature is reviewed. In the Verona study
including both female and male individuals with 4+1.2-
year follow-up, basal serum uric acid levels were not
shown to be associated with new onset osteoporotic
fracture development. Furthermore, they indicated
that participants with higher serum uric acid levels
had significantly less osteoporosis in agreement with
most of the studies reported in the literature (20). In
another study, Zhang et al. (21) established a rat model
of experimental mild hyperuricemia and examined the
relationship between uric acid and BMD. They did not
find any relationship between hyperuricemic rats and
normouricemic rats with respect to BMD, volume density
and biomechanical properties, contrary to accumulating
evidence supporting possible associations between serum
uric acid levels and BMD. The cause of the contradictory
results in these studies may be explained by differences in
patient selection such as sex, age and ethnicity. Difference
in study designs and participant numbers may also cause
conflicting results. We think that from this perspective,
future prospective studies are required to reveal the
reasons underlying the conflicting results.

In the present study, we did not demonstrate an
independent relationship between uric acid and serum
levels of 25 (OH) vitamin D, PTH and P. We found that
uric acid was independently and positively associated
with calcium, age and creatinine in the adjustment model
on regression analysis. Different from present study,
Chen Li reported that uric acid was negatively related
with 25 (OH) vitamin D, but not with Ca or P in elderly
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people with primary osteoporosis (10). In another study,
Xiong also did not demonstrate any causal relationship
between serum uric acid and PTH, Ca or P. Contrary
to these studies, Hui at al. (22) found an independent
relationship between uric acid and PTH levels in a
national population study.

Our findings demonstrate a significant positive
association between serum uric acid and lumbar (L2-
L4) BMD in postmenopausal women in agreement with
studies claiming a protective effect of higher uric acid on
osteoporosis. It is not clear yet whether postmenopausal
women at risk of osteoporosis should be treated in the
presence of asymptomatic hyperuricemia because of its
protective effect on bone health. Li et al. (23) investigated
serum uric acid levels and multiple health outcomes
depending on review of evidence from observational
studies, randomized controlled trials, and Mendelian
randomization studies. They reported that a clear role
for serum uric acid levels existed only for gout and
nephrolithiasis.

There are, however, some limitations to this study. First,
individuals in this study were included from a single
tertiary hospital; thus, this may not be representative
of the general population. Retrospective design and
relatively small study population in osteoporosis group
are the second and third limitations.

We think that our findings provide additional data on the
beneficial effects of uric acid on bone mineral health in
postmenopausal women. Clinical implications of serum
uric levels in postmenopausal women with osteoporosis
are not clear yet and need to be determined by further
larger scale studies with sufficient power.
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