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Association between serum uric 
acid and bone mineral density 
in males from NHANES 2011–2020
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Currently, the relationship between serum uric acid (SUA) and bone mineral density (BMD) in men 
remains controversial. This study aims to investigate the relationship between SUA and lumbar 
spine BMD in American men using data from the National Health and Nutrition Examination Survey 
(NHANES). A total of 6254 male subjects aged 12–80 years (mean age 35.52 ± 14.84 years) in the 
NHANES from 2011 to 2020 were analyzed. SUA was measured by DxC using the timed endpoint 
method, and lumbar spine BMD was measured by dual-energy X-ray absorptiometry (DXA). 
Multivariate linear regression models were used to explore the relationship between SUA and BMD by 
adjusting for age, race/Hispanic origin, drinking behavior, smoking behavior, physical activity, body 
mass index (BMI), poverty-to-income ratio (PIR), total protein, serum calcium, cholesterol, serum 
phosphorus, and blood urea nitrogen. After correcting for the above confounders, it was found that 
SUA was positively associated with lumbar spine BMD in the range of SUA < 5 mg/dL (β = 0.006 95% 
CI 0.003–0.009, P < 0.001), and BMD of individuals in the highest quartile of SUA was 0.020 g/cm2 
higher than those in the lowest quartile of SUA (β = 0.020 95% CI 0.008–0.032, P = 0.003). This study 
showed that SUA was positively correlated with lumbar spine BMD in American men within a certain 
range. This gives clinicians some insight into how to monitor SUA levels to predict BMD levels during 
adolescence when bone is urgently needed for growth and development and during old age when 
bone loss is rapid.

Osteoporosis, a systemic skeletal disease characterized by low bone mass and microarchitectural deterioration 
of bone tissue, with a consequent increase in bone fragility and susceptibility to fractures1, is common and 
increases as the population ages2. It causes a large number of bone-related diseases and increases mortality and 
health care costs3. Moreover, lumbar fractures are the most typical osteoporotic fractures, and they are strongly 
associated with lower bone mineral density (BMD) in the lumbar spine4. Therefore, it is particularly valuable to 
investigate the factors associated with reduced BMD due to the increasing economic and social burden caused 
by osteoporosis.

Uric acid is the end product of purine metabolism5, and serum uric acid (SUA) disorders are major risk fac-
tors for gout6. Numerous studies have concluded that hyperuricemia is also a predictor of the development of 
hypertension, metabolic syndrome, type 2 diabetes, cardiovascular disease, and renal disease5,7–9. However, an 
increasing amount of experimental and clinical evidence suggests that uric acid, as an antioxidant in humans, 
has an important role. A review provides current evidence on the antioxidant role of uric acid and suggests 
its potential therapeutic effects as a marker of oxidative stress and as an antioxidant10. Due to its antioxidant 
properties, SUA may enhance bone density by inhibiting osteoclast bone resorption and promoting osteoblast 
differentiation11. A meta-analysis of data on BMD, osteoporosis, and fractures in people with high and low SUA 
concentrations confirmed that there was a correlation between hyperuricemia and BMD, and uric acid played 
a protective role in disorders of bone metabolism12.

In conclusion, there is limited evidence on the relationship between SUA and BMD in men. Exploring the 
above relationship in different age groups and races can provide important information for individuals, clini-
cians, and health care providers to develop osteoporosis prevention and treatment strategies. Therefore, SUA and 
gout were selected as indicators, and a representative accredited sample from the National Health and Nutrition 
Examination Survey (NHANES) was used to assess the relationship between SUA and BMD in American men.
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Materials and methods
Study design and population
The NHANES is a representative survey of the national American population through a complex, multistage, and 
probability sampling design, which provides general health and nutritional status for the civilian and noninsti-
tutional population of the United States. The data from the NHANES 2011–2012, 2013–2014, 2015–2016, and 
2017–2020 cycles were combined in this study. The subjects were American men. The participants with missing 
lumbar spine BMD data (n = 11,440), missing SUA data (n = 1107), and diseases affecting BMD (n = 729) which 
included cancer patients (n = 233), thyroid disease (n = 163), rheumatoid arthritis (n = 158), and liver disease 
(n = 175) were excluded. Finally, 6,254 eligible subjects were enrolled in this study. The flow chart of participant 
selection is presented in Fig. 1.

Variables
SUA and gout were the exposure variables in this study. SUA was measured as a part of the routine serum 
biochemistry profile using the Beckman Coulter UniCel® DxC800 with the timed endpoint method. SUA was 
oxidized by uricase to produce allatoin and hydrogen peroxide. Catalyzed by peroxidase, the hydrogen peroxide 
reacted with 4-aminoantipyrine (4-AAP) and 3, 5-dichloro-2-hydroxybenzene sulfonate (DCHBS) to produce 
a colored product. A system was used to monitor the change in absorbance at 520 nm at a fixed time interval, 
and the change in absorbance was directly proportional to the concentration of uric acid in the sample. Gout 
was confirmed by trained interviewers using a structured questionnaire collected at home through a computer-
assisted personal interview (CAPI) system. The outcome variable was the lumbar spine BMD measured by 
dual-energy X-ray absorbtiometry (DXA). The measurement site was the lumbar spine, and the scans were all 
performed with a Hologic QDR 4500A sector beam densitometer (Hologic, Inc., Bedford, Massachusetts). All 
measured BMD values were collected and standardized by professionals.

In addition, the following covariates were included: age, sex, race/Hispanic origin, body mass index (BMI), 
poverty-to-income ratio (PIR), physical activity, blood urea nitrogen, total protein, total cholesterol, serum 
phosphorus, serum calcium, drinking behavior, and smoking behavior. The details on SUA, gout, and lumbar 

45070 subjects participated in the NHANES

2011-2020 biennial surveys

19530 male subjects were further screened

25540 females subjects were excluded

13276 were excluded

11440 missed bone mineral density data

1107 missed serum uric acid data

  729 had diseases affecting bone metabolism

   233 had cancer

   163 had thyroid diseases

   158 had rheumatoid arthritis

   175 had liver disease

6254 male subjects were finally included in 

this study

Figure 1.   Flowchart of participants selection. BMD, bone mineral density. SUA, serum uric acid.
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spine BMD measurement procedures and other covariate acquisition procedures could be found on the NHANES 
website.

Statistical analysis
For the included data, the software packages R and EmpowerStats were used for analysis, and P values < 0.05 
were considered statistically significant. The data were expressed as mean ± standard error (SE) for continuous 
variables and as percentages for categorical variables. To compare the differences between groups, the weighted 
chi-square test and the weighted linear regression model were used for continuous variables and classification, 
respectively. The participants were characterized by quartiles of SUA (Category 1: 0.4–4.9 mg/dL; Category 2: 
5.0–5.7 mg/dL; Category 3: 5.8–6.6 mg/dL; and Category 4: > 6.7 mg/dL). A weighted multiple logistic regression 
model was used to assess the association between SUA and lumbar spine BMD. Multiple regression analyses 
stratified by age and race were performed. Subsequently, smooth curve fitting and generalized additive models 
were used to analyze the nonlinear relationship between SUA and lumbar spine BMD. Finally, threshold effect 
and saturation effect analyses were used to calculate the inflection point of the relationship between SUA and 
lumbar spine BMD, and a segmented linear regression model was established on both sides of the inflection point.

Ethics statement
The NCHS Ethics Review Board granted approval for the conduct of NHANES, and written informed consent 
was obtained from all participants. We confirm that all methods were performed by the relevant guidelines and 
regulations.

Results
This study included a total of 6254 male participants who were aged between 12 and 80 years and classified 
according to the SUA quartiles (Category 1: 0.4–4.9 mg/dL; Category 2: 5.0–5.7 mg/dL; Category 3: 5.8–6.6 mg/
dL; and Category 4: > 6.7 mg/dL). The inclusion and exclusion processes were shown in Table 1. Baseline charac-
teristics differed significantly between the SUA quartiles except for total serum calcium, serum phosphorus, and 
protein. Compared with the other subgroups, participants in the highest quartile of SUA were more likely to be 
non-Hispanic White and non-Hispanic Black and had higher age, BMI, PIR, blood urea nitrogen, cholesterol, 
and lumbar spine BMD. In addition, individuals in the highest quartile of SUA might have better education, but 
they were more likely to drink and smoke.

The correlation between SUA and lumbar spine BMD in American men was assessed by multiple regression 
analysis, and the results were shown in Table 2. In the uncorrected model, SUA was positively associated with 
lumbar spine BMD in American men (β = 0.014, 95% CI 0.011–0.017, P < 0.001). After correction for covari-
ates, the correlation between SUA and lumbar spine BMD was also significant in Model 2 (β = 0.013 95% CI 
0.010–0.017, P < 0.001) and Model 3 (β = 0.006 95% CI 0.003–0.009, P < 0.001). The smooth curve fitting of the 
relationship between SUA and lumbar spine BMD was shown in Fig. 2. After the subsequent conversion of SUA 
from a continuous variable to a categorical variable (quartile), individuals in the highest quartile had a higher 
BMD of 0.020 g/cm2 than those in the lowest SUA quartile (β = 0.020 95% CI 0.008–0.032, P = 0.003).

In the subgroup analysis stratified by age and race, as shown in Table 2, it was found that the positive associa-
tion between SUA and lumbar spine BMD remained significant in the 12–19 years age group (β = 0.024 95% CI 
0.018–0.029, P < 0.001) and in the > 50 years age group (β = 0.010 95% CI 0.003–0.018, P = 0.004) but not in the 
20–34 years age group (β = − 0.002 95% CI − 0.008 to 0.004, P = 0.535) and 35–50 years age group (β = − 0.003 
95% CI − 0.010 to 0.004, P = 0.415). The positive association between SUA and lumbar spine BMD was more 
pronounced in non-Hispanic White (β = 0.009 95% CI 0.003–0.015, P = 0.003) but not in Mexican Americans 
(β = 0.005 95% CI − 0.002 to 0.012, P = 0.181), other Hispanic (β = 0.001 95% CI − 0.010 to 0.012, P = 0.879), 
non-Hispanic Black (β = 0.003 95% CI − 0.005 to 0.011, P = 0.412), and other races (including the multiracial 
population) (β = 0.000 95% CI − 0.008 to 0.008, P = 0.948). The smooth curve fitting and the generalized addi-
tive model used to characterize the nonlinear relationship between SUA and lumbar spine BMD were shown in 
Figs. 2 and 3A and B. Data analysis also revealed that in the > 50 years age group, the relationship between SUA 
and lumbar spine BMD was a positive U-shaped curve with an inflection point of 4.5 mg/ml determined by using 
a two-stage linear regression model; however, in the 12–19 years age group, the relationship between SUA and 
lumbar spine BMD was an inverted U-shaped curve with an inflection point of 5.1 mg/ml determined by using 
a two-stage linear regression model. This inverted U-shaped curve was also present in other Hispanic and non-
Hispanic Black. By analyzing the NHANES data for the whole population (including women) from 2011 to 2016 
(Table 3), this study found a correlation between the presence or absence of gout in individuals and the lumbar 
spine BMD, with individuals with gout having a higher BMD of 0.038 g/cm2 than those without gout (β = 0.038 
95% CI 0.018–0.059, P < 0.001). In the analysis stratified by gender, age, and race, this positive correlation was 
more pronounced in men, the 20–34 years age group, the > 50 years age group, Mexican Americans, and other 
Hispanic populations. We also performed a multiple regression analysis of the association between SUA and 
lumbar spine BMD in adolescent males aged 12-19 years (Supplementary Table 1). 

Discussion
In this cross-sectional study, the data from a large multilevel sample of the US population were evaluated to 
explore the relationship between SUA and BMD in American men, and a positive correlation between them 
was found. This association was significantly expressed in men in the 12–19 years age group (β = 0.024 95% 
CI 0.018–0.029, P < 0.001), ≥ 50 years age group (β = 0.010 95% CI 0.003–0.077, P = 0.004), and non-Hispanic 
White (β = 0.009 95% CI 0.003–0.015, P = 0.003). In addition, a positive association between gout and lumbar 
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spine BMD was also found, with those with gout having a higher BMD of 0.038 g/cm2 than those without gout 
(β = 0.038 95% CI 0.018- 0.059, P < 0.001).

Osteoporosis is a systemic disease characterized by a decrease in both bone mass per unit volume and bone 
strength, which predisposes affected bones to fractures. It is currently one of the leading causes of morbidity and 
mortality in the elderly worldwide13. Epidemiological investigations and laboratory studies in recent years have 
indicated that SUA may be involved in a variety of biological processes, associated with diseases such as gout, 
obesity, and chronic kidney disease, and also a protective factor for BMD11,12,14. Previous studies found a positive 
correlation between SUA and BMD, but most of them revealed that this correlation was mostly present in older 
men and adolescents, and was not seen in women, especially postmenopausal women15–18. A study using the early 
NHANES data (1996–2006) showed a positive association between SUA and lumbar spine BMD in older adults. 
The association was in an inverted U-shaped curve in Black15. A prospective cohort study of fracture cases from 
the United States included 1,680 men, and the analysis group contained 387 men who had non-spine fractures 
(73 hips) and 1,383 randomized samples. The analysis discovered that higher SUA levels were associated with a 
reduced risk of non-spine fractures, i.e., uric acid had a protective effect on bone density19. However, an analysis 
of data from the NHANES (1996–2006) by Li et al. found no association between SUA and BMD in American 
men (β = − 0.003 95% CI − 0.007 to 0.002), even after correction for relevant confounding factors20. In addition, a 
cross-sectional study from China also reported a positive association between SUA and BMD in postmenopausal 
women (n = 4256) but not in men (n = 943)21. They found no correlation between SUA and BMD in men, which 
is different from the results of this study.

Several aspects can explain this difference. First, their studies were comparative studies from different SUA 
cohorts and might not have been subjected to standardized regression analysis and adjustment for confound-
ing factors. Second, their studies performed subgroup analyses by different grouping methods, which may also 

Table 1.   Characteristics of the study population based on SUA quartiles. Mean ± SD for continuous variables: 
the P value was calculated by the weighted linear regression model. (%) for categorical variables: the P value 
was calculated by the weighted chi-square test. SUA: serum uric acid; PIR: poverty income ratio; BMD: bone 
mineral density; BMI: body mass index.

SUA (serum uric acid) Total Q1(0.4–4.9) Q2(5.0–5.7) Q3(5.8–6.6) Q4(> 6.7) P value

Number of subjects (n) 6254 1404 1612 1670 1568

Age (years) 34.36 ± 16.25 32.87 ± 17.51 33.61 ± 16.38 34.70 ± 15.94 36.10 ± 15.09  < 0.001

BMI (kg/m2) 27.32 ± 6.45 24.34 ± 5.37 26.06 ± 5.65 27.90 ± 5.88 30.67 ± 7.02  < 0.001

PIR 2.44 ± 1.57 2.26 ± 1.50 2.49 ± 1.57 2.44 ± 1.57 2.55 ± 1.60  < 0.001

Moderate recreational activities (minutes) 69.27 ± 46.02 69.79 ± 49.48 68.26 ± 44.39 69.79 ± 45.55 69.30 ± 44.96 0.208

Lumbar spine BMD (g/cm2) 1.02 ± 0.17 0.98 ± 0.19 1.01 ± 0.16 1.03 ± 0.16 1.04 ± 0.16  < 0.001

Blood urea nitrogen (mmol/L) 4.66 ± 1.63 4.50 ± 1.55 4.59 ± 1.58 4.62 ± 1.52 4.90 ± 1.82  < 0.001

Serum total calcium (mmol/L) 2.37 ± 0.09 2.37 ± 0.09 2.37 ± 0.08 2.37 ± 0.09 2.37 ± 0.09 0.331

Cholesterol (mmol/L) 4.70 ± 1.08 4.47 ± 1.03 4.59 ± 1.04 4.73 ± 1.09 4.97 ± 1.11  < 0.001

Serum phosphorus (mmol/L) 1.25 ± 0.23 1.30 ± 0.26 1.26 ± 0.23 1.24 ± 0.22 1.22 ± 0.20  < 0.001

Total protein (g/L) 72.37 ± 4.48 71.46 ± 4.39 72.16 ± 4.38 72.42 ± 4.38 73.36 ± 4.55  < 0.001

Race/Hispanic origin (%)  < 0.001

 Mexican American 1018 (16.28%) 257 (18.30%) 276 (17.12%) 281 (16.83%) 204 (13.01%)

 Other hispanic 623 (9.96%) 138 (9.83%) 172 (10.67%) 177 (10.60%) 136 (8.67%)

 Non-hispanic white 2057 (32.89%) 410 (29.20%) 540 (33.50%) 572 (34.25%) 535 (34.12%)

 Non-hispanic black 1444 (23.09%) 381 (27.14%) 345 (21.40%) 356 (21.32%) 362 (23.09%)

 Other race—including multi-racial 1112 (17.78%) 218 (15.53%) 279 (17.31%) 284 (17.01%) 331 (21.11%)

Education level (%)  < 0.001

 Less than 9th grade 335 (5.36%) 81 (5.77%) 80 (4.96%) 93 (5.57%) 81 (5.17%)

 9–11th grade 616 (9.85%) 139 (9.90%) 131 (8.13%) 176 (10.54%) 170 (10.84%)

 High school graduate 1099 (17.57%) 215 (15.31%) 284 (17.62%) 288 (17.25%) 312 (19.90%)

 College degree or above 2557 (40.89%) 479 (34.12%) 668 (41.44%) 688 (41.20%) 722 (46.05%)

 Not reported 1647 (26.34%) 490 (34.90%) 449 (27.85%) 425 (25.45%) 283 (18.05%)

4/5 or more drinks every day (%)  < 0.001

 Yes 820 (13.11%) 161 (11.47%) 185 (11.48%) 215 (12.87%) 259 (16.52%)

 No 3393 (54.25%) 646 (46.01%) 900 (55.83%) 944 (56.53%) 903 (57.59%)

 Not reported 2041 (32.64%) 597 (42.52%) 527 (32.69%) 511 (30.60%) 406 (25.89%)

Smoked at least 100 cigarettes in life (%)  < 0.001

 Yes 2198 (35.15%) 487 (34.69%) 531 (32.94%) 570 (34.13%) 610 (38.90%)

 No 2660 (42.53%) 473 (33.69%) 685 (42.49%) 765 (45.81%) 737 (47.00%)

 Not reported 1396 (22.32%) 444 (31.62%) 396 (24.57%) 335 (20.06%) 221 (14.09%)
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account for the difference. For example, Li et al.20 divided the population into three groups by age i.e., < 40 years 
age group, 40–59 years age group, and ≥ 60 years age group, and they also divided the population into < 7 mg/dL 
and ≥ 7 mg/dL groups based on SUA levels. Third, their study had a limited number of participants, which may 
lead to unstable results. In conclusion, heterogeneity among these studies, such as differences in methodological 
design, included populations, stratified analysis methods, and controlled confounding variables, may explain 
the existence of controversy.

This cross-sectional study demonstrated a positive association between SUA and BMD in American men. 
Several possible mechanisms were proposed to explain this association. First, individuals with high uric acid 
may live in better conditions and consume more nutrients than those with low uric acid11,14. Previous studies 
have considered SUA as a nutritional marker that can represent the nutritional status of an individual. The main 

Table 2.   The association between SUA and Lumbar Spine BMD (g/cm2) in men. Model 1: no covariates were 
adjusted. Model 2: age and race/ethnicity were adjusted. Model 3: age, race/Hispanic origin, drinking behavior, 
smoking behavior, physical activity, BMI, PIR, total protein, serum calcium, cholesterol, serum phosphorus, 
blood urea nitrogen. SUA: serum uric acid. PIR: poverty income ratio. BMI: body mass index.

Model 1 β (95% CI) P value Model 2 β (95% CI) P value Model 3 β (95% CI) P value

SUA 0.014 (0.011, 0.017) < 0.001 0.013 (0.010, 0.017) < 0.001 0.006 (0.003, 0.009) < 0.001

SUA categories

 Q1 (0.4–4.9 mg/dL) Reference Reference Reference

 Q2 (5.0–5.7 mg/dL) 0.029 (0.017, 0.041) < 0.001 0.032 (0.021, 0.043) < 0.001 0.019 (0.007, 0.030) 0.001

 Q3 (5.8–6.6 mg/dL) 0.036 (0.024, 0.048) < 0.001 0.037 (0.026, 0.048) < 0.001 0.019 (0.008, 0.030) < 0.001

 Q4 (> 6.7 mg/dL) 0.048 (0.036, 0.060) < 0.001 0.047 (0.035, 0.058) < 0.001 0.020 (0.008, 0.032) < 0.001

 P for trend  < 0.001  < 0.001 0.003

Subgroup analysis stratified by age

 12–19 0.046 (0.039, 0.052) < 0.001 0.024 (0.018, 0.029) < 0.001 0.024 (0.018, 0.029) < 0.001

 20–34 − 0.004 (− 0.010, 0.002) 0.194 − 0.002 (− 0.008, 0.004) 0.469 − 0.002 (− 0.008, 0.004) 0.535

 35–49 0.001 (− 0.006, 0.007) 0.828 − 0.001 (− 0.008, 0.005) 0.749 − 0.003 (− 0.010, 0.004) 0.415

 ≥ 50 0.016 (0.010, 0.023) < 0.001 0.016 (0.009, 0.022) < 0.001 0.010 (0.003, 0.018) 0.004

Subgroup analysis stratified by race/ethnicity

 Mexican American 0.009 (0.002, 0.016) 0.015 0.009 (0.002, 0.016) 0.016 0.005 (− 0.002, 0.012) 0.181

 Other hispanic 0.011 (0.001, 0.021) 0.034 0.010 (− 0.000, 0.020) 0.057 0.001 (− 0.010, 0.012) 0.879

 Non-hispanic white 0.016 (0.010, 0.021) < 0.001 0.016 (0.010, 0.021) < 0.001 0.009 (0.003, 0.015) 0.003

 Non-hispanic black 0.015 (0.008, 0.023) < 0.001 0.011 (0.004, 0.018) 0.003 0.003 (− 0.005, 0.011) 0.412

 Other race-including multi-racial 0.008 (0.001, 0.016) 0.037 0.009 (0.001, 0.017) 0.026 0.000 (− 0.008, 0.008) 0.948

Figure 2.   Relationship between serum uric acid and lumbar spine bone mineral density. (a) Each black 
dot represents a sample. (b) The solid line indicates a smooth curve fit between the variables. The blue band 
indicates the 95% confidence interval of the fit. Adjusted for age, Race/Hispanic origin, drinking behavior, 
smoking behavior, physical activity, BMI, PIR, total protein, serum calcium, cholesterol, serum phosphorus and 
blood urea nitrogen.



6

Vol:.(1234567890)

Scientific Reports |         (2024) 14:4292  | https://doi.org/10.1038/s41598-024-52147-8

www.nature.com/scientificreports/

sources of uric acid are purine-rich foods such as meat, seafood, and purine-rich vegetables, all of which are also 
high in protein. In puberty when bone mass is needed for growth and development and in old age when bone 
mass is lost, people with better living conditions and better nutritional intake may have higher BMD than those 
with low uric acid22. A study from the United States has also suggested that nutritional supplements are key to 
preventing osteoporosis10. Second, the protective effect of SUA on BMD may be related to its antioxidant capacity. 
SUA is a powerful endogenous antioxidant that clears peroxyl alone (RO2.), hydroxyl alone (.OH), and singlet 
oxygen radicals, respectively10,23. Low SUA concentrations reduce the ability to resist oxidative stress, thereby 
promoting osteoclast differentiation and reducing osteoblast activity, resulting in enhanced bone resorption 
and bone loss24. Another study has shown that uric acid plays an important role in the expansion of human 
bone marrow mesenchymal stem cells and promotes osteogenic differentiation25. Third, lower SUA concentra-
tions were associated with lower serum parathyroid hormone (PTH) levels and higher serum TRACP5b levels. 
This would counter support and explain the idea that lower SUA concentrations enhance bone resorption, as 
reflected by an increase in serum TRACP5b levels, and this leads to greater loss of BMD and elevated serum 
calcium levels, causing a decrease in serum PTH levels as a result of negative feedback26. Previous studies have 
also found that PTH, as a metabolic factor, may affect the clearance of SUA, leading to an increase in SUA levels, 
and is involved in the relationship between SUA and bone metabolism27,28. In addition, people with high SUA 
levels have more lean body mass without many changes in fat mass. Some studies suggest that there is a positive 
correlation between lean body mass and BMD29. Despite these speculations and findings, the exact mechanism 
underlying the positive association between SUA and BMD remains uncertain and requires further investigation.

It could be known from the results of smooth curve fitting (Fig. 2) and threshold effect analysis (Table 4) that 
when SUA levels were < 5 mg/dL, BMD increased with SUA and there was a positive correlation between SUA 
and BMD; but when SUA levels were ≥ 5 mg/dL, the positive correlation between SUA and BMD was no longer 
significant. Considering the influence of SUA on other diseases, this saturation effect suggests that raising the 
level of SUA moderately within its normal range may be beneficial to bone health and will not have adverse effects 
on other systems. Then, a stratified analysis based on race was conducted in this study, finding that the positive 
correlation between SUA and lumbar spine BMD was significant in non-Hispanic White but not in other races. 
The smooth curve fitting (Fig. 3) indicated that the relationship between SUA and BMD in non-Hispanic Black 
was an inverted U-shaped curve, which is the same as a previous study. Genetic factors, lifestyle differences, and 
other factors may provide possible explanations for ethnic differences in this relationship15. Figure 3A suggests 
that serum uric acid is negatively correlated with lumbar spine BMD in the 20–35 age group, where BMD is 
stable, whereas this relationship becomes reversed and unstable with saturation in the adolescent and elderly 
populations. Figure 3B suggests that in non-Hispanic blacks, serum uric acid and lumbar spine BMD show a 
clear inverted U-shaped curve, which correlates with the fact that blacks are more physically active and require 
more nutrition.

A large number of research samples are needed to explain the special relationship between SUA and BMD 
in the Black population. A stratified analysis based on age was also conducted, concluding that the positive cor-
relation between SUA and BMD often occurred in people aged 12–19 years and ≥ 50 years. Teenagers need to 
grow and develop, while elderly individuals will experience rapid bone loss. Hence, both groups are in a period 
of extreme need for bone mass. Many studies have found that there is a positive correlation between SUA and 

Figure 3.   (A) The association between serum uric acid and lumbar spine bone mineral density (stratified by 
age). Adjusted for race/Hispanic origin, drinking behavior, smoking behavior, physical activity, BMI, PIR, total 
protein, serum calcium, cholesterol, serum phosphorus, blood urea nitrogen. (B) The association between 
serum uric acid and lumbar spine bone mineral density (stratified by race/Hispanic origin). Adjusted for age, 
drinking behavior, smoking behavior, physical activity, BMI, PIR, total protein, serum calcium, cholesterol, 
serum phosphorus, blood urea nitrogen.
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Table 3.   The association between gout and lumbar spine BMD (g/cm2) in men. Model 1: no covariates were 
adjusted. Model 2: age and race/ethnicity were adjusted. Model 3: age, race/Hispanic origin, drinking behavior, 
smoking behavior, physical activity, BMI, PIR, total protein, serum calcium, cholesterol, serum phosphorus, 
blood urea nitrogen. SUA: serum uric acid. PIR: poverty income ratio. BMI: body mass index.

Model 1 β (95% CI) P value Model 2 β (95% CI) P value Model 3 β (95% CI) P value

Doctor ever told you that you had gout

 No Reference Reference Reference

 Yes 0.031 (0.010, 0.052) 0.004 0.038 (0.017, 0.058) < 0.001 0.038 (0.018, 0.059) < 0.001

 P for trend  < 0.001  < 0.001 0.007

Subgroup analysis stratified by gender

 Men

  No gout Reference Reference Reference

  Have gout 0.053 (0.027, 0.079) < 0.001 0.053 (0.027, 0.078) < 0.001 0.045 (0.020, 0.071) < 0.001

 Women

  No gout Reference Reference Reference

  Have gout − 0.024 (− 0.063, 0.015) 0.229 − 0.010 (− 0.048, 0.029) 0.618 − 0.004 (− 0.043, 0.034) 0.830

Subgroup analysis stratified by age

 20–34

  No gout Reference Reference Reference

  Have gout 0.070 (− 0.001, 0.141) 0.053 0.063 (− 0.007, 0.132) 0.078 0.072 (0.003, 0.142) 0.042

 35–49

  No gout Reference Reference Reference

  Have gout 0.006 (− 0.030, 0.042) 0.745 0.002 (− 0.033, 0.037) 0.917 0.019 (− 0.017, 0.055) 0.304

 ≥ 50

  No gout Reference Reference Reference

  Have gout 0.062 (0.032, 0.093) < 0.001 0.057 (0.027, 0.087) < 0.001 0.034 (0.005, 0.064) 0.023

Subgroup analysis stratified by race/ethnicity

 Mexican American

  No gout Reference Reference Reference

  Have gout 0.051 (− 0.019, 0.122) 0.155 0.076 (0.006, 0.147) 0.033 0.071 (0.001, 0.142) 0.049

 Other hispanic

  No gout Reference Reference Reference

  Have gout 0.079 (− 0.007, 0.166) 0.073 0.094 (0.007, 0.180) 0.034 0.091 (0.005, 0.177) 0.038

 Non-hispanic white

  No gout Reference Reference Reference

  Have gout 0.018 (− 0.013, 0.050) 0.259 0.027 (− 0.005, 0.059) 0.094 0.030 (− 0.002, 0.063) 0.065

 Non-hispanic black

  No gout Reference Reference Reference

  Have gout 0.039 (− 0.007, 0.085) 0.010 0.057 (0.010, 0.103) 0.017 0.046 (− 0.001, 0.093) 0.056

 Other race—including multi-racial

  No gout Reference Reference Reference

  Have gout 0.035 (− 0.027, 0.096) 0.273 0.045 (− 0.016, 0.107) 0.150 0.051 (− 0.010, 0.113) 0.104

Table 4.   Analysis of threshold and saturation effects between SUA and lumbar spine BMD.

Outcome Lumbar spine BMD

Model 1

 A straight-line effect 0.006 (0.003, 0.009) 0.0006

Model 2

 Fold point (K) 5

 < K-segment effect 1 0.027 (0.015, 0.039) < 0.0001

 > K-segment effect 2 0.001 (− 0.003, 0.006) 0.5198

 Effect difference between two segments − 0.026 (− 0.040, − 0.012) 0.0002

 The predicted value of the equation at the breakpoint 1.013 (1.007, 1.020)

 Log-likelihood ratio test  < 0.001



8

Vol:.(1234567890)

Scientific Reports |         (2024) 14:4292  | https://doi.org/10.1038/s41598-024-52147-8

www.nature.com/scientificreports/

BMD in male adolescents or elderly men, which is consistent with this research15,16. In the smooth curve fitting, 
it was found that the relationship between SUA and BMD in the male population > 50 years old was in a positive 
U-shape. The impact of age on this relationship implies that it is particularly important to adjust the level of SUA 
in youth and old age. To the best of our knowledge, this is the first study using the NHANES data (2010–2020) 
to obtain a positive correlation between SUA and BMD in American men.

This study has several advantages. First, it was based on a large sample of data from the NHANES. The sample 
in this study was a multilayer random one with highly reliable and standardized data that could be representa-
tive of the general population in the United States. Second, because cancer, liver disease, thyroid disease, and 
rheumatoid arthritis affect bone metabolism, patients with these diseases were excluded during the inclusion 
of the population. Also, many important confounding factors, including age, race, drinking behavior, smoking 
behavior, BMI, serum urea nitrogen, and total protein, were excluded or controlled. Furthermore, the findings 
of this study are more reliable because the population in this study was not affected by menopause, estrogen, 
or pregnancy. Finally, to the extent of our knowledge, the present study is the first to analyze the NHANES 
(2011–2020) data to investigate the relationship between SUA and BMD in American men, with multiple regres-
sion analyses stratified by age and race.

Of course, there are also some shortcomings in this study. First, because it is a cross-sectional study, no causal 
relationship can be inferred, and more longitudinal studies are needed to verify this relationship. Second, this 
study only investigated the relationship between SUA and lumbar spine BMD and did not examine the rela-
tionship between SUA and femoral BMD due to the lack of data, resulting in an incomplete result. It has been 
shown that the relationship between SUA and BMD is different in two different skeletal sites, i.e., the femur and 
the lumbar spine, owing to the influence of mechanical factors30. Hence, more studies are needed in the future 
to explore the relationship between SUA and BMD at different skeletal sites in men. Finally, other potential 
confounders that were not adjusted in this study could still lead to bias.

Conclusions
This study showed a positive correlation between SUA and lumbar spine BMD in American men, but the correla-
tion was no longer significant when SUA was ≥ 5 mg/dL. Confounding factors such as race and age may influence 
the positive correlation, and after the analysis stratified by age and race, the positive correlation between SUA 
and lumbar spine BMD was found to remain significant in the 12–19 years age group, the > 50 years age group, 
and non-Hispanic White. This gives clinicians some insight into how to monitor SUA levels to predict BMD 
levels during adolescence when bone is urgently needed for growth and development and during old age when 
bone loss is rapid.

Data availability
The datasets generated and analyzed during the current study can be available from the corresponding author 
on reasonable request. The datasets for this study can be found at http://​www.​cdc.​gov/​nchs/​nhanes/.

Received: 13 July 2023; Accepted: 15 January 2024

References
	 1.	 Klara, J. & Lewandowska-Łańcucka, J. How efficient are alendronate-nano/biomaterial combinations for anti-osteoporosis therapy? 

An evidence-based review of the literature. Int. J. Nanomed. 17, 6065–6094 (2022).
	 2.	 Hoggard, K. et al. Fracture prevention: A population-based intervention delivered in primary care. QJM Mon. J. Assoc. Phys. 113, 

313–319 (2020).
	 3.	 Compston, J. E., McClung, M. R. & Leslie, W. D. Osteoporosis. Lancet 393, 364–376 (2019).
	 4.	 Cranney, A., Jamal, S. A., Tsang, J. F., Josse, R. G. & Leslie, W. D. Low bone mineral density and fracture burden in postmenopausal 

women. CMAJ Can. Med. Assoc. J. = journal de l’Association medicale canadienne 177, 575–580 (2007).
	 5.	 Fathallah-Shaykh, S. A. & Cramer, M. T. Uric acid and the kidney. Pediatr. Nephrol. 29, 999–1008 (2014).
	 6.	 Dalbeth, N., Merriman, T. R. & Stamp, L. K. Gout. Lancet 388, 2039–2052 (2016).
	 7.	 Lanaspa, M. A., Andres-Hernando, A. & Kuwabara, M. Uric acid and hypertension. Hypertens. Res. 43, 832–834 (2020).
	 8.	 Borghi, C. et al. Hyperuricaemia and gout in cardiovascular, metabolic and kidney disease. Eur. J. Intern. Med. 80, 1–11 (2020).
	 9.	 Wu, A. H., Gladden, J. D., Ahmed, M., Ahmed, A. & Filippatos, G. Relation of serum uric acid to cardiovascular disease. Int. J. 

Cardiol. 213, 4–7 (2016).
	10.	 Glantzounis, G. K., Tsimoyiannis, E. C., Kappas, A. M. & Galaris, D. A. Uric acid and oxidative stress. Curr. Pharm. Des. 11, 

4145–4151 (2005).
	11.	 Kaushal, N., Vohora, D., Jalali, R. K. & Jha, S. Review of the literature examining the association of serum uric acid with osteoporosis 

and mechanistic insights into its effect on bone metabolism. Endocr. Metab. Immune Disord. Drug Targets 19, 259–273 (2019).
	12.	 Veronese, N. et al. Hyperuricemia protects against low bone mineral density, osteoporosis and fractures: A systematic review and 

meta-analysis. Eur. J. Clin. Investig. 46, 920–930 (2016).
	13.	 Lamichhane, A. P. Osteoporosis-an update. JNMA J. Nepal Med. Assoc. 44, 60–66 (2005).
	14.	 Liu, R. et al. Prevalence of hyperuricemia and gout in Mainland China from 2000 to 2014: A systematic review and meta-analysis. 

Biomed. Res. Int. 2015, 762820 (2015).
	15.	 Yao, X., Chen, L., Xu, H. & Zhu, Z. The association between serum uric acid and bone mineral density in older adults. Int. J. 

Endocrinol. 2020, 3082318 (2020).
	16.	 Pan, K., Yao, X., Liu, M. & Zhu, Z. Association of serum uric acid status with bone mineral density in adolescents aged 12–19 years. 

Front. Med. 7, 255 (2020).
	17.	 Kang, S. et al. Association between serum uric acid levels and bone mineral density in postmenopausal women: A cross-sectional 

and longitudinal study. Healthcare 9, 1681 (2021).
	18.	 Karimi, F., Dabbaghmanesh, M. H. & Omrani, G. R. Association between serum uric acid and bone health in adolescents. Osteo-

poros. Int. 30, 2057–2064 (2019).
	19.	 Lane, N. E. et al. Association of serum uric acid and incident nonspine fractures in elderly men: The Osteoporotic Fractures in 

Men (MrOS) study. J. Bone Miner. Res. 29, 1701–1707 (2014).

http://www.cdc.gov/nchs/nhanes/


9

Vol.:(0123456789)

Scientific Reports |         (2024) 14:4292  | https://doi.org/10.1038/s41598-024-52147-8

www.nature.com/scientificreports/

	20.	 Li, X., Li, L., Yang, L., Yang, J. & Lu, H. No association between serum uric acid and lumbar spine bone mineral density in US adult 
males: A cross sectional study. Sci. Rep. 11, 15588 (2021).

	21.	 Yan, D. D. et al. Association of serum uric acid levels with osteoporosis and bone turnover markers in a Chinese population. Acta 
Pharmacol. Sin. 39, 626–632 (2018).

	22.	 Martiniakova, M. et al. The role of macronutrients, micronutrients and flavonoid polyphenols in the prevention and treatment of 
osteoporosis. Nutrients 14, 523 (2022).

	23.	 Ames, B. N., Cathcart, R., Schwiers, E. & Hochstein, P. Uric acid provides an antioxidant defense in humans against oxidant- and 
radical-caused aging and cancer: A hypothesis. Proc. Natl. Acad. Sci. U.S.A. 78, 6858–6862 (1981).

	24.	 Domazetovic, V., Marcucci, G., Iantomasi, T., Brandi, M. L. & Vincenzini, M. T. Oxidative stress in bone remodeling: Role of 
antioxidants. Clin. Cases Miner. Bone Metab. 14, 209–216 (2017).

	25.	 Li, H. Z. et al. Uric acid promotes osteogenic differentiation and inhibits adipogenic differentiation of human bone mesenchymal 
stem cells. J. Biochem. Mol. Toxicol. 29, 382–387 (2015).

	26.	 Iki, M. et al. Relationships between serum uric acid concentrations, uric acid lowering medications, and vertebral fracture in 
community-dwelling elderly Japanese men: Fujiwara-kyo Osteoporosis Risk in Men (FORMEN) Cohort Study. Bone 139, 115519 
(2020).

	27.	 Hui, J. Y. et al. The independent association between parathyroid hormone levels and hyperuricemia: A national population study. 
Arthritis Res. Ther. 14, R56 (2012).

	28.	 Horwitz, M. J. et al. A comparison of parathyroid hormone-related protein (1–36) and parathyroid hormone (1–34) on markers 
of bone turnover and bone density in postmenopausal women: The PrOP study. J. Bone Miner. Res. 28, 2266–2276 (2013).

	29.	 Makovey, J. et al. Serum uric acid plays a protective role for bone loss in peri- and postmenopausal women: A longitudinal study. 
Bone 52, 400–406 (2013).

	30.	 Xiao, J. et al. Serum uric acid is associated with lumbar spine bone mineral density in healthy Chinese males older than 50 years. 
Clin. Interv. Aging 12, 445–452 (2017).

Acknowledgements
We gratefully acknowledge the Fifth Affiliated Hospital of Sun Yat-sen University Department of Orthopedics 
and Linfen Central Hospital.

Author contributions
P.W. conducted part of the research, analysis, and data collection. R.W., Y.G. conducted the research, discussed 
the project, analyzed, interpreted the data, and were major contributors to writing the manuscript. These authors 
contributed equally: R.W., Y.G. C.H. and H.L. designed the study and guided the whole process of the research, 
co-revised the original manuscript. All authors read and approved the final manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​024-​52147-8.

Correspondence and requests for materials should be addressed to C.H. or H.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2024

https://doi.org/10.1038/s41598-024-52147-8
https://doi.org/10.1038/s41598-024-52147-8
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Association between serum uric acid and bone mineral density in males from NHANES 2011–2020
	Materials and methods
	Study design and population
	Variables
	Statistical analysis
	Ethics statement

	Results
	Discussion
	Conclusions
	References
	Acknowledgements


