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Abstract

Background: The uric acid-to-high-density lipoprotein cholesterol ratio (UHR) has emerged
as a novel indicator of inflammatory and metabolic status. This study aims to examine the
association between UHR and bone mineral density (BMD), as well as the risk of
osteoporosis, in individuals aged >50 years.

Methods: Focusing on participants aged >50 years. Femoral neck BMD (FN-BMD) was
measured using dual-energy X-ray absorptiometry. Linear regression models were employed
to examine the association between UHR and FN-BMD. Additionally, generalised additive
models were used to assess the nonlinear relationship between UHR and FN-BMD. Logistic
regression models were employed to evaluate the association between UHR and the risk of
osteoporosis.

Results: adults with a mean age of 64.16 + 8.92 years. Linear regression analyses revealed a
positive association between UHR and FN-BMD, regardless of covariate adjustments.
Logistic regression analyses indicated that elevated UHR was associated with a reduced risk
of osteoporosis with or without covariate adjustments. Subgroup analyses revealed that the
positive association between UHR and BMD was significant in individuals aged >65 years
but not in those aged 50 to 64 years. Interaction analyses by age showed significant
differences after adjusting for all covariates.

Conclusions: Clinicians should be vigilant regarding the potential risk of osteoporosis in
individuals with a low UHR. UHR might serve as a risk indicator for osteoporosis.
Keywords: bone mineral density, high-density lipoprotein cholesterol, national health and
nutrition examination survey, osteoporosis, uric acid.
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Introduction

Osteoporosis is a systemic musculoskeletal
disorder characterised by reduced bone
mineral density (BMD) and the
deterioration of bone tissue microstructure.
[1] It is notable for its high prevalence,
affecting approximately one-third of
females and one-fifth of males aged >50
years globally. [2-4] An epidemiological

study in China revealed an osteoporosis
prevalence of 5.0% among males and
20.6% among females aged >40 years. [5]
As the population continues to age, the
prevalence of osteoporosis is expected to
rise. [6,7] Moreover, osteoporosis imposes
significant financial and societal burdens,
with annual costs estimated at $17.9
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billion in the United States (US) and £4
billion in the United Kingdom. [8] The
disorder is also associated with high rates
of disability and mortality, particularly due
to serious complications such as
osteoporotic  fractures, including hip
fractures, which significantly affect the
health and quality of life of elderly
individuals. [9—11] Therefore, early pre-
vention of osteoporosis is a crucial focus
of ongoing research.

Investigating both risk and protective
factors for diseases is crucial for
developing effective early prevention
strategies. Osteoporosis, from a
pathological viewpoint, encompasses a
complex interplay of bone metabolism,
hormonal  regulation, and immune
modulation. [1,12] The aetiology of
osteoporosis is associated with a range of
factors. [1,12,13] Evidence indicated that
key risk factors include age, sex,
menopausal status, race, physical activity
levels, and nutritional intake. [13,14]
Further- more, numerous studies have
suggested that using these risk factors to
identify and predict osteoporosis risk can
be an effective strategy for early detection
and prevention. [15,16]

Therefore, there is a growing emphasis on
investigating the factors associated with
osteoporosis in current research. The uric
acid  (UA)-to-high-density lipoprotein
cholesterol (HDL-C) ratio (UHR) is a
novel marker indicative of metabolic and
inflammatory conditions. Previous
research has linked UHR to an increased
risk of various illnesses and demonstrated
its potential as a predictor for several
clinical outcomes. [17-20] Xie et al. found
that a high UHR was independently
associated with the risk and severity of
non-alcoholic fatty liver disease in the
American population, with correlations
varying by sex. [20]

This study aims to examine the correlation
between UHR and BMD, as well as the

risk of osteoporosis. Our hypothesis
posited that elevated UHR would be

e-ISSN: 0976-822X

positively correlated with higher BMD and
a reduced risk of osteoporosis

Methods

The Cross sectional study used data from
the 2019-2021 December Al falah Hospital

Study design and population:
Participants were included if they met the
following criteria: (i) aged >50 years, (ii)
had complete BMD data, and (iii) Had
complete UHR data. Individuals with
missing data on covariates were excluded
from the analysis. Additional details are
available on the NHANES website. [24]

BMD measurement and osteoporosis:
BMD was measured using dual-energy X-
ray absorptiometry, with femoral neck
BMD (FN-BMD) selected as the outcome
variable due to its established association
with hip fracture risk.25 Osteoporosis was
defined based on BMD results and the
World Health Organisation criteria, where
a T- score of < —2.5 for FN-BMD is
indicative of osteoporosis. Specific values
for FN-BMD were derived from previous
studies (BMD: <0.588 g/cm2 for males
and <0.560 g/cm2 for females). [26-28]
Detailed information on the BMD
measurement methodology is available on
the NHANES website. [29]

UHR assessment: In this study, UHR
was considered the exposure variable.
According to a previous study, 18 UHR is
calculated using the formula: UHR (%) =
UA (mg/dL)/HDL-C (mg/dL). Detailed
procedures for measuring UA and HDL-C
are available on the NHANES website.
[30]

Covariates: To account for potential
confounding variables that could influence
both the outcome and exposure variables,
this study included multiple covariates in
the analyses. The covariates considered
were as follows: age; sex/menopausal
status  (post-menopausal women, pre-
menopausal women, or men); race (non-
Hispanic White, non-Hispanic Black, );
education level (below high school, high
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school or equivalent, or above high
school); body mass index (BMI) categories
(normal: BMI <25 kg/m2; overweight: 25<
BMI <30 kg/m2; or obese: BMI >30
kg/m2); smoking status (never, former, or
current); drinking status (never, former, or
current); physical activity; vitamin D
intake; calcium intake; milk product
consumption (never, rarely, sometimes,
often, or varied); history of diabetes (yes
or no); history of arthritis (yes or no);
history of cancer (yes or no); history of
fractures (yes or no); history of
glucocorticoid use (yes or no); alanine

aminotransferase (U/L); aspartate
aminotransferase (U/L); alkaline
phosphatase (IU/L); blood urea nitrogen
(BUN) (mmol/L); serum creatinine

(mg/dL); serum calcium (mg/ dL); serum
total  cholesterol  (mg/dL); serum
triglycerides (TGs) (mg/dL); serum HDL-
C; and serum UA (mg/dL).

Statistical Analysis: Baseline
characteristics are reported as the mean +
standard deviation for continuous variables
and as n (%) for cate- gorical variables.
Differences in baseline characteristics
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variance for continuous variables and the
chi square test for categorical variables.

Linear regression models were employed
to investigate the association between
UHR and FN-BMD, while logistic
regression models were em- ployed to
examine the association between UHR and
oste- oporosis risk. The nonlinear
relationship between UHR and FN-BMD
was explored using generalised additive
models.

Furthermore, subgroup analyses and
interaction tests were performed to
evaluate the relationship between UHR
and BMD, as well as the risk of
osteoporosis, across different populations
categorised by age, sex/menopausal status,
race/ ethnicity, and BMI.

UHR values were also converted from a
continuous variable to a categorical
variable (quartile 1 to quartile 4) (Q1-Q4)
to examine their association with FN-
BMD and osteoporosis risk.

For education level, milk product
consumption, history of arthritis, BUN,
and TGs were included in the subsequent

among groups stratified by UHR were analysis. ~ For  detailed participant
assessed using one- way analysis of information.
Table 1: Association between UHR and FN-BMD
Model 1 Model 2 Model 3
p- p- p-

Population | p valu | P B val |P B val | P

95% | e interacti | (95% | ue | interacti | (95% | ue | interacti

CI) on CI) on CI) on
Overall 0.006 | <00 | — 0.001 |.004 | — 0.001 |.005 | —
Agea 5 01 0.5020 4 4 0.0168 4 1 0.0331

(0.005 (0.000 (0.000

5, 4, 4,

0.007 0.002 0.002

5) 4) 4)
50-64 years | 0.006 | <.00 0.000 |.558 0.001 |.164

4 01 4 (— 1|9 0 (—1|9

(0.005 0.001 0.000

1, 0, 4,

0.007 0.001 0.002

8) 8) 4)
65 years and | 0.007 | <.00 0.002 |.001 0.002 |.004
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older 1 01 0.1002 3 4 0.8037 2 0 0.6346
Sex/menopa | (0.005 (0.000 (0.000
usal statusb | 7, 9, 7,

0.008 0.003 0.003

6) 8) )
Post- 0.006 | <.00 0.001 |.080 0.001 |.118
menopausal | 0 01 9 (— |2 8 (— 1|5
women (0.003 0.000 0.000

7, 2, 5,

0.008 0.004 0.004

2) 0) 2)
Pre- 0.002 | .013 0.001 |.058 0.001 |.060
menopausal | 7 9 8 (— 1|7 8 (— 1|5
women (0.000 0.000 0.000

6, 1, 1,

0.004 0.003 0.003

8) 7) 7)
Men 0.003 | .000 0.001 |.065 0.001 |.069
Race/ethnici | 4 1 0.4820 3 (—1|9 0.3536 3 (— 8 0.3386
tyc (0.002 0.000 0.000

0, 1, 1,

0.004 0.002 0.002

8) 7) 7)

Other races | 0.007 | <.00 0.000 |.598 0.000 | .824
BMId 5 01 0.2530 5 (— |7 0.3621 2 (— 13 0.3058
(0.005 0.001 0.001
7, 4, 8,

0.009 0.002 0.002
4) 5) 3)
Normal 0.006 | <.00 0.001 |.073 0.002 |.036
BMI 1 01 9 (— |4 4 0
(0.004 0.000 (0.000
0, 2, 2,
0.008 0.004 0.004
3) 1) 6)
Overweight | 0.004 | .000 0.000 | .831 0.000 |.706
3 1 2 (— 3 4 (— |7
(0.002 0.001 0.001
6, 6, 5,
0.006 0.002 0.002
1) 0) 2)
Obesity 0.003 | .065 0.001 |.008 0.001 |.015
8 9 9 7 8 4
(0.002 (0.000 (0.000
3, 5, 4,
0.005 0.003 0.003
3) 3) 3)
Association between UHR and BMD
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Linear regression analyses revealed a
positive association between UHR and FN-
BMD in individuals aged >50 years with or
without  adjustment for covariates.
Subgroup ana- lyses further demonstrated
that this positive association was observed
in individuals aged >65 years, Whites,
those with normal BMI, and obese
participants  after adjusting for all
covariates.  Additionally,  interaction
analysis highlighted significant differences
based on age, though no significant
interactions were observed for other
stratification factors after adjustment for
all covariates. Detailed results are
presented in table 1

Association  between UHR  and
osteoporosis risk: The logistic regression
analysis revealed that UHR was negatively
associated with osteoporosis risk in
individuals aged >50 years, regardless of
whether covariates were adjusted for.
Subgroup analysis further showed that this
negative association was consistent in
males, Whites, Blacks, those with normal
BMI, and obese participants. Additionally,
interaction analysis indicated that no
significant interactions were observed after
adjusting for covariates

Discussion

The increasing incidence of osteoporosis
among middle- aged and elderly
individuals, which significantly diminishes
the quality of life for older adults, has
established osteo- porosis as a global
public health concern. [1,12]

In this cross- sectional study, UHR was
positively associated with FN- BMD and
negatively associated with osteoporosis
risk in individuals aged >50 years.
Subgroup analyses further re- vealed that
the positive association between UHR and
FN- BMD was observed in individuals
aged >65 years, but not in those aged 50—
64 years, with interaction analysis con-
firming significant age-related differences
after adjusting for all covariates.
Associated with BMD among patients with
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osteoporosis. [34] Yao et al. demonstrated
a positive correlation between UA and
lumbar spine BMD in elderly individuals.
[35] However, the relationship between
HDL-C and BMD remains con- tentious,
as several studies have indicated a negative
cor- relation between HDL-C and BMD.
[36,37] Tang et al. observed a negative
association between HDL-C and BMD in
individuals aged >20 years. [36] Wang et
al. identified a similar negative correlation
in male adolescents aged 12 to 19 years,
particularly among non-black and non-
Mexican populations. [37] In contrast, Xie
et al. reported a positive correlation
between HDL-C and lumbar spine BMD
in individuals aged 20 to 59 years. [38]
The aforementioned findings might
contribute to the observed positive associ-
ation between UHR and BMD. However,
further research with larger sample sizes is
necessary to elucidate the re- lationship
between UHR and BMD.

The current study identified a positive
correlation between UHR and FN-BMD in
individuals aged >65 years, but not in
those aged 50 to 64 years. This
discrepancy might be attributed to several
factors. The prevalence of osteo- porosis
increases significantly with age, [1,7,12]
and age itself is a significant independent
factor  influencing BMD. [1,6,12]
Additionally, the relatively small sample
size of individuals with osteoporosis in the
50-64 age group (N = 56) in this study
might have limited the ability to detect a
similar association. Therefore, further
research is needed to better understand
these age-related differences. The main
findings of this study might have
implications for future research. The novel
inflammation and metabolic indicator,
UHR—comprising UA and HDL-C—has
been associated with various clinical
conditions such as hypertension, diabetes,
metabolic syndrome, and non- alcoholic
fatty liver disease. [18,39—41] To the best
of our knowledge, this is the first study to
investigate the association between UHR
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and BMD, as well as the risk of
osteoporosis. Importantly, it was found
that higher UHR values were as- sociated
with a reduced osteoporosis risk,
suggesting that UHR could serve as a
novel indicator for identifying and
predicting  osteoporosis  risk.  The
interaction analysis further highlighted
significant age-related differences after
adjusting for co- variates. Although the
reasons for these age disparities re- main
unclear, it is imperative to consider age
differences when using UHR as a marker
for osteoporosis risk prediction.

Conclusion

Clinicians should be vigilant about the
potential risk of osteoporosis in individuals
with low UHR, as UHR could serve as a
risk indicator for this condition.
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