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Background: The non-high-density lipoprotein cholesterol to high-density 
lipoprotein cholesterol ratio (NHHR) is a newly developed lipid parameter. 
However, the current research has only explored the relationship with lumbar 
spine bone mineral density, lacking studies on bone mineral density at other 
sites, total body bone mineral density, and an analysis of risk factors. This study 
aims to determine the potential association between NHHR and lumbar BMD, 
increase awareness of the impact of lipid levels on bone health.

Methods: By utilizing data from the National Health and Nutrition Examination 
Survey (NHANES) from 2011 to 2018, we conducted univariate and generalized 
linear models (GLMs) analysis, stratified analysis, threshold effect analysis, smooth 
curve fitting and stratified analysis to investigate the association between NHHR 
and BMD. NHHR levels were categorized into tertiles (low, medium, and high) 
based on their distribution among the study population.

Results: The study included 8,671participants, studies have shown, the ratio 
of non-high-density lipoprotein to high-density lipoprotein (NHHR) exhibits 
a stratified correlation with bone mineral density (BMD). In the BMI subgroup, 
NHHR is significantly negatively correlated with BMD at multiple sites in the low-
to-middle BMI group (BMI <25 kg/m2), while no significant correlation is found 
in the high BMI group (BMI ≥30 kg/m2). In the gender subgroup, NHHR has a 
more pronounced effect on male BMD, mainly reflected in the reduction of 
lumbar spine and total body BMD. In the age subgroup, the negative correlation 
between NHHR and BMD is strongest in the younger group (18–30 years), 
gradually weakening in the middle-aged (31–44 years) and older groups 
(45–59 years). Further analysis suggests that dyslipidemia may influence bone 
metabolism through pathways such as inflammation and oxidative stress.

Conclusion: The effect of NHHR on bone mineral density (BMD) varies by 
BMI, gender, and age. This study suggests that controlling NHHR levels may 
be a potential intervention target for bone health management, particularly for 
individuals with low-to-middle BMI, males, and younger populations. These 
findings offer a new perspective on the relationship between lipid metabolism 
and bone metabolism and provide scientific evidence for the development of 
personalized osteoporosis prevention and treatment strategies.
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1 Introduction

Dyslipidemia refers to qualitative and quantitative changes in 
lipids and their metabolites in blood or other tissues, including total 
cholesterol, triglycerides, low-density lipoprotein (LDL), and high-
density lipoprotein (HDL) (1). Osteoporosis and cardiovascular 
diseases (CVD) are two major global public health concerns (2, 3). 
Dyslipidemia can lead to various diseases such as non-alcoholic fatty 
liver disease (NAFLD), atherosclerosis, and CVD (4). Clinically, it has 
been shown that dyslipidemia in diseases like NAFLD and 
atherosclerosis leads to changes in bone density and bone mass, 
ultimately causing osteoporosis and severely affecting quality of 
life (5).

The relationship between lipid metabolism indicators and 
osteoporosis remains controversial in human studies. Most studies 
indicate a negative correlation between lipid biomarkers and bone 
mineral density (BMD) (6–10). Additionally, Ersoy et al. (11) and 
Lahon et al. (12) found a positive correlation between LDL-C and 
BMD, while Ghadiri-Anari et  al. (13) suggested no correlation 
between lipids and BMD. Given these contradictory findings, the 
emerging lipid indicator Non-High-Density Lipoprotein Cholesterol 
to High-Density Lipoprotein Cholesterol Ratio (NHHR), as a novel 
lipid parameter, has not yet been studied in relation to 
BMD. Therefore, our investigation focused on the association 
between NHHR and spine bone density.

Osteoporosis is a highly prevalent condition affecting over 14 
million individuals in the United States and more than 200 million 
people worldwide (14, 15). It is characterized by altered bone 
homeostasis, leading to reduced bone mass, impaired bone 
quality, and an increased propensity for fractures (14, 16). 
Hormones, cytokines, and growth factors directly or indirectly 
regulate bone homeostasis. Additionally, factors such as race, 
gender, behavior, and diet influence bone mass and the propensity 
to develop osteoporosis. Peak bone mass is thought to be achieved 
when these factors effectively interact. An imbalance in these 
molecular and cellular processes is believed to alter bone 
homeostasis, contributing to the pathophysiology of osteoporosis 
(17, 18). Other factors such as race, gender, behavior, and diet also 
impact bone homeostasis (19).

With advances in medicine and increased life expectancy, lipid-
bone metabolism has become a major public health issue. The 
current latest study only stays on the relationship between NHHR 
and lumbar BMD. Therefore, it is hypothesized that there may be a 
correlation between NHHR and Bone mineral density at multiple 
sites. Understanding the relationship between lipid and bone 
metabolism is crucial for the intervention and management of bone 
density. A cross-sectional study was conducted using NHANES 
2011–2018 data to explore the potential association between NHHR 
and BMD.

2 Materials and methods

2.1 Study population

The National Health and Nutrition Examination Survey 
(NHANES) is a major program of the National Center for Health 
Statistics (NCHS) designed to assess the health and nutritional status 
of adults and children in the United States. The survey results are used 
to determine the prevalence of major diseases and risk factors for 
diseases, assess nutritional status, and understand its relationship with 
health promotion and disease prevention. The institutional review 
board of the NCHS authorized the survey techniques, and all 
NHANES participants consented to the use of their data for research. 
From 2011 to 2018, a total of 39,156 individuals participated in 
NHANES. However, after applying exclusion criteria, the sample size 
for this study was reduced to 8,671 eligible participants. Exclusion 
criteria included incomplete demographic data, missing covariate data 
(such as smoking status, BMI, alcohol consumption, dietary levels, 
hypertension history, and hyperglycemia), and lack of BMD or 
NHHR-related data (total cholesterol and high-density lipoprotein 
data). Figure 1 shows the flowchart of the screening process. The 
datasets generated and analyzed during the current study are available 
in the NHANES data1, or required from the corresponding author.

2.2 Calculation of NHHR

The total cholesterol and high-density lipoprotein data used for 
NHHR calculation were obtained from the laboratory data in 
NHANES. NHHR was calculated by subtracting high-density 
lipoprotein from total cholesterol and then dividing by high-
density lipoprotein.

2.3 Study variables

To explore the relationship between NHHR and BMD, several 
covariates were selected for adjustment, including demographic data, 
lifestyle, and health status. Demographic data included age, gender, 
race, and income. Lifestyle factors included alcohol consumption and 
smoking status. Health status included measurements of BMI, 
hypertension, and hyperglycemia, all of which were directly obtained 
from questionnaires and measurement reports. Dual-energy X-ray 
absorptiometry was performed by qualified radiologists using Hologic 
QDR 4500A equipment and Apex software version 3.2 to assess BMD.

1 www.cdc.gov/nchs/nhanes
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2.4 Statistical analysis

All statistical analyses were performed using R (version 4.2), SPSS 
(version 26.0), and EmpowerStats (version 2.0). Generalized linear 
models (GLMs) were employed to study the relationship between 

NHHR and BMD, given that BMD is a continuous outcome variable. 
And were further analyzed using a stratified regression analysis. The 
non-linear relationship between NHHR and BMD was explored and 
identified using smooth curve fitting. Threshold analysis was 
performed to identify the inflection point and conduct a 

FIGURE 1

Flowchart of participant selection.
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two-piecewise linear regression model analysis on both sides of the 
inflection point. A p-value of less than 0.05 was considered 
statistically significant.

3 Results

3.1 Characteristics of the study population

The characteristics of the participants are shown in the Table 1. 
This study included 8,671 individuals, and NHHR levels were 

divided into tertiles. NHHR levels are significantly correlated with 
various health and lifestyle factors. Higher NHHR levels are 
associated with older age, higher BMI, and increased incidence of 
hypertension and hyperglycemia. Gender distribution shows a 
higher proportion of males in the high NHHR group. In terms of 
ethnicity, Non-Hispanic Whites are more prevalent in the high 
NHHR group. Although there are no significant differences in 
alcohol consumption between groups, the smoking rate is 
significantly higher in the high NHHR group. Overall, these results 
indicate that NHHR levels influence health status and 
lifestyle choices.

TABLE 1 Characteristics of participants.

Variables Low (0.36–2.13) Middle (2.13–3.24) High (3.24–27.00) p-value

NHHR 1.593 ± 0.354 2.653 ± 0.312 4.514 ± 1.491 <0.001

Age (years) 34.814 ± 12.459 37.812 ± 12.149 40.285 ± 11.096 <0.001

Gender <0.001

Male 37.8 49.8 66.4

Female 62.2 50.2 33.6

Ratio of family income to 

poverty
2.565 ± 1.687 2.542 ± 1.657 2.400 ± 1.623 <0.001

Race <0.001

Mexican American 11.9 14.8 19.4

Other hispanic 8.8 10.1 11.3

Non-hispanic white 35.7 37.0 37.2

Non-hispanic black 25.6 19.8 14.1

Other race—including multi-

racial
17.9 18.2 18.1

Hypertension <0.001

Yes 15.6 22.0 26.3

No 84.4 78.0 73.7

Hyperglycemia <0.001

Yes 4.4 7.0 9.8

No 95.6 93.0 90.2

Alcohol use 0.032

Yes 71.5 68.7 71.4

No 28.5 31.3 28.6

Smoking status <0.001

Yes 33.2 37.2 45.3

No 66.8 62.8 54.7

BMI 25.807 ± 6.205 29.035 ± 6.847 31.011 ± 6.402 <0.001

Left arm—BMD 0.755 ± 0.093 0.770 ± 0.096 0.794 ± 0.097 <0.001

Right arm—BMD 0.777 ± 0.097 0.791 ± 0.101 0.814 ± 0.100 <0.001

Lumber spine—BMD 1.062 ± 0.153 1.032 ± 0.147 1.015 ± 0.151 <0.001

Pelvis—BMD 1.225 ± 0.164 1.244 ± 0.162 1.272 ± 0.165 <0.001

Total—BMD 1.111 ± 0.110 1.111 ± 0.109 1.117 ± 0.109 0.059

Mean +/− SD for: age, BMI, Ratio of family income to poverty, Left Arm—BMD, Right Arm—BMD, Lumber Spine—BMD, Pelvis—BMD, Total—BMD. p-value was calculated by weighted 
linear regression model. % for: Gender, Race, Hypertension, Hyperglycemia, Alcohol use, Smoking status. p value was calculated by weighted chi-square test.
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3.2 Association between NHHR and BMD

The exposure variable NHHR was divided into low, middle, and 
high tertiles. The beta coefficient for the low tertile group was set to 0 
and used as a reference value to evaluate the relative impact of middle 
and high tertile NHHR on lumbar BMD. The exposure variable 
NHHR was divided into three quantiles: low, medium, and high 
(Table 2), and three regression models (Non-adjusted, Adjust I, and 
Adjust II) were constructed to explore the impact of NHHR and its 
subgroups on BMD. The β coefficient of the low quantile group was 
set to 0 as the reference value, and the relative impact of medium and 
high quantiles of NHHR on BMD was assessed. The correlation 
between NHHR and BMD varies by anatomical site in the medium 
and high quantile groups. Detailed analysis in the multivariate 
regression model reveals a clear site-specific effect of NHHR on 
BMD. High NHHR is significantly positively correlated with pelvic 
BMD, maintaining a significant positive correlation after full 
adjustment. In contrast, it is consistently negatively correlated with 
lumbar spine BMD. For upper limb BMD, the initial positive 
correlation becomes non-significant or slightly negative after full 

adjustment. For total body BMD, high NHHR exhibits an overall 
negative effect. For total body BMD, high NHHR exhibits an overall 
negative effect, further supporting the possibility that it negatively 
impacts bone health through mechanisms like bone resorption or 
metabolic dysfunction.

To analyze the relationship between NHHR and BMD at different 
sites, we conducted a smoothing curve fitting analysis (Figure 2). The 
results revealed a non-linear association between NHHR and BMD at 
various sites. Specifically, the left arm, right arm, lumbar spine, pelvis, 
and total BMD all exhibited significant smoothing curve trends 
(p  < 0.05), indicating that changes in NHHR may have a notable 
impact on BMD within certain ranges. In the left arm and right arm 
BMD models, the smoothing curve effect was significant, with high 
goodness of fit (adjusted R2 values of 0.5395 and 0.5362, respectively), 
suggesting that NHHR has a more stable and predictable effect on 
limb BMD. In contrast, although the non-linear effect was significant 
in lumbar spine and pelvic BMD, the adjusted R2 values were relatively 
low (0.098 for lumbar spine and 0.1351 for pelvis), indicating that 
NHHR may be influenced by additional confounding factors at these 
sites. Furthermore, the smoothing curve analysis for total BMD 

TABLE 2 Association between NHHR and BMD in the 2011–2018 NHANES data.

Non-adjusted Adjust I Adjust II

Left arm—BMD

NHHR [0.011, (0.009, 0.012), p < 0.00001] [0.003, (0.002, 0.004), p < 0.00001] [−0.001, (−0.002, 0.000), p = 0.08863]

Low 0 0 0

Middle [0.016, (0.011, 0.021), p < 0.00001] [0.003, (−0.000, 0.007), p = 0.06747] [−0.005, (−0.008, −0.001), p = 0.00956]

High [0.040, (0.035, 0.045), p < 0.00001] [0.009, (0.005, 0.013), p < 0.00001] [−0.005, (−0.008, −0.001), p = 0.01638]

Right arm—BMD

NHHR [0.010, (0.008, 0.011), p < 0.00001] [0.001, (0.000, 0.002), p = 0.01665] [−0.001, (−0.002, 0.000), p = 0.17738]

Low 0 0 0

Middle [0.014, (0.009, 0.019), p < 0.00001] [0.001, (−0.003, 0.004), p = 0.72710] [−0.004, (−0.007, −0.000), p = 0.04183]

High [0.037, (0.032, 0.042), p < 0.00001] [0.004, (0.001, 0.008), p = 0.02415] [−0.004, (−0.008, 0.000), p = 0.07315]

Lumber spine—BMD

NHHR [−0.012, (−0.014, −0.010), p < 0.00001] [−0.006, (−0.008, −0.004), p < 0.00001] [−0.008, (−0.010, −0.006), p < 0.00001]

Low 0 0 0

Middle [−0.030, (−0.038, −0.023), p < 0.00001] [−0.020, (−0.028, −0.013), p < 0.00001] [−0.025, (−0.033, −0.017), p < 0.00001]

High [−0.047, (−0.055, −0.039), p < 0.00001] [−0.026, (−0.034, −0.018), p < 0.00001] [−0.034, (−0.043, −0.026), p < 0.00001]

Pelvis—BMD

NHHR [0.011, (0.009, 0.014), p < 0.00001] [0.014, (0.011, 0.016), p < 0.00001] [0.009, (0.006, 0.011), p < 0.00001]

Low 0 0 0

Middle [0.020, (0.011, 0.028), p < 0.00001] [0.026, (0.018, 0.034), p < 0.00001] [0.014, (0.006, 0.022), p = 0.00078]

High [0.047, (0.039, 0.056), p < 0.00001] [0.057, (0.049, 0.066), p < 0.00001] [0.038, (0.029, 0.047), p < 0.00001]

Total—BMD

NHHR [0.001, (−0.000, 0.003), p = 0.08618] [0.000, (−0.001, 0.002), p = 0.65782] [−0.003, (−0.005, −0.002), p < 0.00001]

Low 0 0 0

Middle [0.000, (−0.006, 0.006), p = 0.96387] [−0.000, (−0.006, 0.005), p = 0.90435] [−0.009, (−0.014, −0.004), p = 0.00049]

High [0.006, (0.000, 0.012), p = 0.03707] [0.002, (−0.003, 0.008), p = 0.40256] [−0.013, (−0.019, −0.007), p < 0.00001]

Non-adjusted model: None. Adjust I: Gender; Age; Race. Adjust II model: Gender; Age; Race; BMI; Ratio of family income to poverty; Hypertension; Hyperglycemia; Alcohol use; Smoking 
status: The β values and 95% confidence intervals (CIs) are presented with three decimal places. If the value is displayed as 0.000, it indicates that the true value is close to zero and may have 
been rounded due to rounding rules. It should not be interpreted as exactly zero.
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further supports the non-linear relationship between NHHR and total 
body BMD (p < 0.05), with an adjusted R2 of 0.2118, suggesting that 
NHHR, as a potential metabolic marker, holds some predictive value 
for BMD. Regarding specific linear factors, variables such as gender, 
age, BMI, and race significantly affected BMD at different sites, but the 
extent of their influence varied by site. Some factors, such as income 

level, smoking, and alcohol consumption, also to further identify key 
inflection points or thresholds, a threshold effect analysis was 
performed on the smoothing curve fitting results (Table 3). In the 
threshold effect analysis, the linear regression results from Model 
I showed significant differences in the relationship between NHHR 
and BMD at different sites. For lumbar spine BMD and total BMD, 

FIGURE 2

Smoothing curve fitting analysis of the relationship between NHHR and BMD at different sites. The figure shows the relationship between NHHR and 
different bone mineral density sites. The red curve represents the smoothed curve fit, the blue dashed line represents the 95% confidence interval, and 
the black short lines indicate the data distribution.

TABLE 3 Threshold effect analysis of NHHR and BMD.

Left arm—BMD Right arm—BMD Lumber spine—
BMD

Pelvis—BMD Total—BMD

Model I

Linear effect
[−0.001, (−0.002, 0.000), 

p < 0.0886]

[−0.001, (−0.002, 0.000), 

p < 0.1774]

[−0.008, (−0.010, 

−0.006), p < 0.0001]

[0.009, (0.006, 0.011), 

p < 0.0001]

[−0.003, (−0.005, 

−0.002), p < 0.0001]

Model II

Turning point (K) 5.3 5.184 4.698 3.68 5.458

<K segment effect (1)
[−0.002, (−0.003, 

−0.001), p = 0.0020]

[−0.002, (−0.003, 

−0.000), p = 0.0243]

[−0.014, (−0.018, 

−0.011), p < 0.0001]

[0.018, (0.014, 0.023), 

p < 0.0001]

[−0.005, (−0.007, 

−0.004), p < 0.0001]

>K Segment effect (2)
[0.002, (−0.000, 0.004), 

p = 0.0969]

[0.001, (−0.001, 0.003), 

P = 0.3080]

[0.002, (−0.002, 0.007), 

P = –0.2873]

[0.001, (−0.003, 0.005), 

p = 0.6077]

[0.002, (−0.002, 0.005), 

p = 0.3774]

Difference between 

segment effects (2 and 1)

[0.004, (0.001, 0.007), 

p = 0.0060]

[0.003, (−0.000, 0.006), 

p = 0.0615]

[0.017, (0.011, 0.023), 

p < 0.0001]

[−0.017 (−0.024, −0.011), 

p < 0.0001]

[0.007, (0.003, 0.011), 

p = 0.0013]

Predicted value at the 

turning point
0.807 (0.802, 0.812) 0.825 (0.820, 0.830) 1.000 (0.994, 1.007) 1.270 (1.264, 1.277) 1.117 (1.111, 1.122)

Log-likelihood ratio test 0.006 0.061 <0.001 <0.001 0.001

Non-adjusted model: None. Adjust I: Gender; Age; Race. Adjust II model: Gender; Age; Race; BMI; Ratio of family income to poverty; Hypertension; Hyperglycemia; Alcohol use; Smoking 
status; The β values and 95% confidence intervals (CIs) are presented with three decimal places. If the value is displayed as 0.000, it indicates that the true value is close to zero and may have 
been rounded due to rounding rules. It should not be interpreted as exactly zero.
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higher NHHR levels were significantly negatively correlated with 
BMD, and this negative correlation remained significant after fully 
adjusting for confounding factors. However, for pelvic BMD, higher 
NHHR levels were significantly positively correlated with BMD across 
all models, indicating a different pattern of association compared to 
other BMD sites. However, the correlation between left arm and right 
arm BMD and NHHR was weaker and non-significant after 
adjustment, suggesting that upper limb BMD responds less sensitively 
to changes in NHHR. It is noteworthy that although the effects of 
NHHR on BMD differ significantly across sites, the effect in the high 
NHHR range is most pronounced in the lumbar spine, pelvis, and 
total BMD, while the effect on upper limb BMD shows lower sensitivity.

Further exploration using Model II, which incorporated 
breakpoint effect analysis, revealed a non-linear effect of NHHR on 
BMD by determining the breakpoint values (K) for each BMD site. 
Below the breakpoint value, increases in NHHR had a significant 
impact on BMD at all sites, with significant changes observed in 
lumbar spine, pelvic, and total BMD within the low NHHR range. 
Specifically, the negative correlation for lumbar spine BMD was most 
pronounced when NHHR < K, while pelvic and total BMD showed a 
positive correlation. However, once NHHR exceeded the breakpoint, 
the effect on BMD diminished or became non-significant, suggesting 
that after reaching a certain level, changes in NHHR lead to stable or 
negligible changes in BMD. Notably, the breakpoint effects were more 
prominent in the lumbar spine and pelvic regions, indicating that 
weight-bearing sites are more sensitive to metabolic abnormalities, 
potentially due to their metabolic activity and load-bearing functions. 
The likelihood ratio test results further support the validity of Model 
II, with all breakpoint effects being statistically significant (p < 0.05) 
except for right arm BMD (p = 0.061), indicating that NHHR changes 
exhibit clear threshold effects at different BMD sites, with the effect 
being more significant in the low NHHR range. This analysis provides 
new insights into the impact of NHHR on BMD, suggesting that 
sensitivity to metabolic abnormalities may vary by bone site. 
Controlling NHHR below specific threshold levels may help improve 
bone health and provide evidence for prevention and treatment 
strategies. Showed significant differences.

3.3 Stratified analysis of the relationship 
between NHHR and BMD: insights into 
modulatory effects and population-specific 
variations

The choice of age, gender, and BMI as stratification factors is 
based on their potential to modulate the relationship between NHHR 
and BMD. For example, with increasing age, bone density naturally 
declines, particularly in individuals at higher risk for osteoporosis. 
Additionally, population characteristics have shown that women 
generally have lower bone density than men and are more susceptible 
to changes in hormone levels, especially post-menopause. 
Furthermore, BMI, an important metabolic indicator that reflects an 
individual’s body fat percentage, is widely acknowledged for its 
relationship with bone density. Age, gender, and BMI are crucial 
potential confounders or effect modifiers when examining the 
relationship between NHHR and BMD. Stratified analysis considering 
these variables offers a more precise insight into the true association 
between NHHR and BMD, and explores the potential differential 

effects of NHHR on BMD in different populations. Stratified analysis 
by gender, age, and BMI was conducted to examine the relationship 
between NHHR and BMD at different anatomical sites (Table 4), and 
draw the related forest map (Figure  3). The results indicated the 
following: BMI Stratification: In the BMI < 18.5 group (underweight), 
no significant relationship between NHHR and BMD was observed 
(all p-values >0.05). In the BMI 18.5–25 group (normal weight), 
NHHR showed a significant negative correlation with left arm BMD 
(β = −0.004, p = 0.0004), right arm BMD (β = −0.004, p = 0.0021), 
and lumbar BMD (β  = −0.012, p  < 0.0001). This suggests that in 
individuals with normal weight, an increase in NHHR is associated 
with reduced bone density, especially in the upper limbs and lumbar 
spine. In the BMI ≥ 25 and < 30 group (overweight), NHHR also 
exhibited a significant negative correlation, particularly in the left arm 
(β = −0.005, p < 0.0001), right arm (β = −0.005, p < 0.0001), and 
lumbar BMD (β = −0.014, p < 0.0001). This suggests that metabolic 
abnormalities associated with overweight may exacerbate bone 
density loss. In the BMI ≥ 30 group (obese), while NHHR showed a 
weak negative correlation with BMD, the effect was minimal and not 
statistically significant (higher p-values), potentially due to the 
metabolic characteristics (e.g., insulin resistance, chronic 
inflammation) and bone physiology (e.g., increased skeletal load) 
typical of obesity. Gender Stratification: In the male population, 
NHHR showed a significant negative correlation with lumbar BMD 
(β = −0.008, p < 0.0001) and total BMD (β = −0.004, p = 0.0004), 
while the relationship with left arm (β = −0.001, p = 0.0613) and right 
arm BMD (β = −0.001, p = 0.0761) was not significant. This indicates 
that NHHR increase is associated with reduced lumbar and total BMD 
in males, but has a minimal effect on the upper limbs. In females, 
NHHR showed significant negative correlations with lumbar BMD 
(β = −0.008, p < 0.0001) and total BMD (β = −0.004, p = 0.0037), 
while the relationship with left and right arm BMD was not significant 
(higher p-values). Age Stratification: In the younger group 
(18–29 years), NHHR showed a significant negative correlation with 
lumbar BMD (β = −0.012, p < 0.0001) and total BMD (β = −0.008, 
p < 0.0001), with weaker associations in the upper limbs. This suggests 
that younger individuals’ bone density is more sensitive to metabolic 
factors, especially with more pronounced changes in lumbar and total 
BMD. In the middle-aged group (30–43 years), NHHR continued to 
show a significant negative correlation with lumbar BMD (β = −0.008, 
p < 0.0001) and total BMD (β = −0.004, p = 0.0006), with weaker 
associations in the upper limbs. In the older group (44–59 years), 
while there was a negative correlation with lumbar BMD (β = −0.005, 
p = 0.0087), the changes in total BMD (β = −0.002, p = 0.1155) and 
upper limbs BMD were not significant, possibly due to the 
multifactorial nature of bone density changes in older individuals, 
such as reduced bone remodeling and metabolic slowing. Notably, 
NHHR exhibited a positive correlation with pelvic BMD in the normal 
BMI group (β  = 0.007, p  = 0.0146) and obese group (β  = 0.004, 
p  = 0.0341), with a stronger association in females (β  = 0.012, 
p  < 0.0001) compared to males (β  = 0.006, p  = 0.0002). Age 
stratification revealed a significant association in the middle-aged 
(β = 0.007, p = 0.0002) and older (β = 0.009, p < 0.0001) groups, but 
not in the younger group.

In conclusion, with increasing BMI, the negative impact of NHHR 
on BMD becomes more pronounced, especially in individuals with 
normal weight and those who are overweight, while the effect is 
weaker in the obese population. Males are more sensitive to NHHR 

https://doi.org/10.3389/fnut.2024.1486370
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Qi et al. 10.3389/fnut.2024.1486370

Frontiers in Nutrition 08 frontiersin.org

changes, particularly in lumbar and total BMD, while females are 
influenced by other physiological factors. Younger individuals exhibit 
greater sensitivity to NHHR changes in bone density, with a more 
gradual response in the middle-aged group and a more complex 
interaction of factors in the elderly.

4 Discussion

This study, based on the NHANES database, systematically 
investigates the association between NHHR and BMD, with detailed 
stratified analysis according to different BMI, gender, and age groups. 
The results demonstrate stratified associations between NHHR and 
BMD at various anatomical sites. Specifically, in individuals with 
BMI < 25 kg/m2 (underweight to normal weight), NHHR was 
significantly negatively correlated with BMD. Gender stratification 
revealed that men showed a more pronounced negative correlation 
across multiple BMD sites. Age stratification indicated that NHHR 
had a particularly strong effect on bone density in younger individuals, 
with this correlation weakening as age increased. In fully adjusted 
models, for each unit increase in NHHR, L-BMD decreased by 
0.008 units, total BMD decreased by 0.003 units, and pelvic BMD 
increased by 0.009 units (p  < 0.01). The left and right arm BMD 
decreased by 0.001 units, which was not statistically significant 
(p > 0.05).

Osteoporosis has a close relationship with lipid markers and lipid 
metabolism. Triglycerides, total cholesterol, high-density lipoprotein 
(HDL), and low-density lipoprotein (LDL) are important lipid 
metabolic indicators, reflecting the lipid metabolic status to some 
extent. In recent years, the interplay between glucose, lipids, and bone 
metabolism has garnered attention in scientific research. Several 

studies have found that high cholesterol diets and elevated triglyceride 
levels are associated with an increased risk of osteoporosis. 
Osteoporosis treatments such as bisphosphonates and calcium 
supplements can cause abnormal triglyceride metabolism in adipose 
tissue. Moreover, moderate reduction of triglyceride levels in 
postmenopausal mouse models can improve BMD (20–24). 
Hyperglycemia inhibits bone formation and promotes adipogenesis, 
while dysregulated lipid metabolism is a key driver of osteoporosis in 
diabetic patients (25–27). In diabetic individuals, total cholesterol, 
triglycerides, and LDL levels are negatively correlated with BMD (28). 
Furthermore, obesity increases the risk of coronary artery disease, 
hypertension, type 2 diabetes, and osteoporosis, typically characterized 
by elevated triglycerides and low HDL cholesterol (29–31).

At the molecular level, the role of lipids in osteoporosis is complex. 
Lipids can influence the differentiation of mesenchymal stem cells 
(MSCs) through various signaling pathways, contributing to the onset 
and progression of osteoporosis. Oxidized lipids bind to and activate 
the PPARγ signaling pathway, which interacts with CCAAT/enhancer-
binding proteins, inhibiting osteoblast differentiation and promoting 
fat accumulation while suppressing bone formation. Additionally, 
some oxidized lipids act on bone marrow stromal cells, inducing the 
expression of epidermal growth factor, which further enhances 
alkaline phosphatase activity and osteoblast differentiation (5, 32). 
HDL and LDL, as central components of lipid metabolism, have been 
closely linked to changes in BMD. High plasma cholesterol levels can 
downregulate the Wnt signaling pathway, affecting MSC differentiation 
into osteoblasts. It can also alter Runx2 levels through changes in the 
bone morphogenetic protein/transforming growth factor β/Wnt 
pathway, thus influencing osteoblast proliferation and maturation and 
disrupting the balance of bone remodeling between osteoblasts and 
osteoclasts (23, 33, 34). HDL is considered to have anti-inflammatory 

FIGURE 3

Forest plot of stratified analysis of the relationship between NHHR and bone mineral density (BMD) across different BMI, gender, and age groups. This 
figure illustrates the effects of different gender (Male and Female), age groups [Low (18–30.0), Middle (31–44.0), High (45–59.0)], and BMI categories 
(<18.5, 18.5 - < 25, 25 - < 30, ≥30) on bone mineral density (BMD) at various body sites (Left Arm, Right Arm, Lumbar Spine, Pelvis, Total). The chart 
includes statistical data such as 95% confidence intervals (95% LCI and 95% UCI), β values (B), sample size (N), and effect size.
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and antioxidant effects, potentially promoting bone health by 
inhibiting osteoclast formation and function, as well as stimulating 
osteoblast differentiation and mineralization (35, 36). In contrast, LDL 
and its oxidized form (OxLDL) are typically considered 
pro-inflammatory, possibly regulating bone metabolism negatively by 
enhancing osteoclast activity or inhibiting osteoblast differentiation 
(37, 38).

Animal studies and in vitro research have further revealed the 
direct effects of HDL and LDL on bone cells. For instance, HDL 
inhibits the activation of the NF-κB signaling pathway, reducing the 
expression of osteoclast-related genes (39). Additionally, ApoA-1 in 
HDL has been shown to promote osteoblast proliferation and 
differentiation by activating the Wnt/β-catenin signaling pathway 
(40). In contrast, LDL and OxLDL promote ROS production and 
imbalance the RANKL/OPG axis, significantly enhancing osteoclast 
differentiation while inhibiting osteoblast activity (41, 42). These 
effects are particularly pronounced in the pathological mechanisms 
of osteoporosis, especially in populations with lipid metabolism 
disorders. Further molecular biological studies suggest that the role 
of HDL and LDL in bone metabolism is not limited to lipid 
regulation but involves multiple cellular signaling pathways. For 
example, HDL enhances osteogenic differentiation of MSCs by 
activating the AMPK (5’ AMP-activated protein kinase) pathway, 
while inhibiting adipogenesis and oxidative stress to protect bone 
health (43). HDL also increases the sensitivity of bone marrow 
stromal cells to insulin, promoting their differentiation into the 
osteoblast lineage, thus enhancing BMD (44). In contrast, LDL 

activates the JNK (c-Jun N-terminal kinase) and ERK (extracellular 
signal-regulated kinase) signaling pathways, promoting osteoclast 
differentiation and inhibiting osteoblast mineralization (45, 46). 
Notably, OxLDL activates the RhoA/ROCK signaling pathway, 
increasing osteoclast resorptive activity and inhibiting the expression 
of bone formation-related genes, further exacerbating osteoporosis 
(47). These studies not only deepen our understanding of the 
specific roles of HDL and LDL in bone metabolism but also provide 
potential molecular targets for future interventions in 
lipid metabolism.

As a novel lipid parameter, NHHR has been significantly 
associated with abdominal aortic aneurysm, suicidal ideation, 
coronary atherosclerotic heart disease, myocardial infarction, and 
non-alcoholic fatty liver disease. Moreover, there exists a potential 
clinical link between lipid profiles and bone metabolism: elevated 
NHHR levels can lead to decreased lumbar spine BMD, thereby 
contributing to a range of bone health issues (48–54). The results 
indicate that NHHR demonstrates varying threshold effects at 
different body sites, and the relationship between NHHR and BMD’s 
threshold effect is likely influenced by its multifaceted roles in 
regulating lipid metabolism, inflammatory states, and bone 
remodeling signaling pathways. The threshold effect of NHHR may 
arise from its dual impact on the balance between osteoblasts and 
osteoclasts due to lipid metabolism. Lower NHHR levels might reflect 
higher HDL levels, which protect bone health by reducing 
inflammation, inhibiting osteoclast differentiation and activity, and 
enhancing osteoblast differentiation (55, 56). However, when NHHR 

TABLE 4 Stratified analysis of the relationship between NHHR and bone mineral density (BMD) across different BMI, gender, and age groups.

N Left arm—BMD Right arm—
BMD

Lumber spine—
BMD

Pelvis—BMD Total—BMD

BMI

<18.5 156
[−0.003, (−0.014, 

0.008), p = 0.5706]

[−0.005, (−0.017, 

0.008), p = 0.4610]

[−0.008, (−0.038, 

0.022), p = 0.6017]

[0.007, (−0.020, 0.034), 

p = 0.5956]

[−0.000, (−0.020, 

0.020), p = 0.9831]

> = 18.5, <25 2,716
[−0.004, (−0.006, 

−0.002), p = 0.0004]

[−0.004, (−0.006, 

−0.001), p = 0.0021]

[−0.012, (−0.017, 

−0.007), p < 0.0001]

[0.007, (0.001, 0.012), 

p = 0.0146]

[−0.007, (−0.011, 

−0.004), p < 0.0001]

> = 25, <30 2,741
[−0.005, (−0.007, 

−0.003), p < 0.0001]

[−0.005, (−0.007, 

−0.003), p < 0.0001]

[−0.014, (−0.018, 

−0.010), p < 0.0001]

[−0.001, (−0.005, 

0.003), p = 0.6986]

[−0.008, (−0.011, 

−0.005), p < 0.0001]

> = 30 3,058
[0.001, (−0.001, 

0.002), p = 0.3026]

[0.001, (−0.001, 

0.002), p = 0.4744]

[−0.001, (−0.004, 

0.002), p = 0.5832]

[0.004, (0.000, 0.007), 

p = 0.0341]

[−0.001, (−0.003, 

0.001), p = 0.3305]

Gender

Male 4,449
[−0.001, (−0.003, 

0.000), p = 0.0613]

[−0.001, (−0.003, 

0.000), p = 0.0761]

[−0.008 (−0.011, 

−0.005), p < 0.0001]

[0.006, (0.003, 0.009), 

p = 0.0002]

[−0.004, (−0.005, 

−0.002), p = 0.0004]

Female 4,222
[−0.001, (−0.003, 

0.001), p = 0.2202]

[−0.000, (−0.002, 

0.001), p = 0.5788]

[−0.008, (−0.012, 

−0.004), p < 0.0001]

[0.012, (0.008, 0.015), 

p < 0.0001]

[−0.004, (−0.006, 

−0.001), p = 0.0037]

Age (years)

Low

(18–29 years)
2,688

[−0.003, (−0.005, 

−0.001), p = 0.0132]

[−0.003, (−0.005, 

−0.001), p = 0.0156]

[−0.012, (−0.017, 

−0.008), p < 0.0001]

[0.004 (−0.002, 0.009), 

p = 0.1887]

[−0.008, (−0.011, 

−0.004), p < 0.0001]

Middle

(30–43 years)
2,878

[−0.002, (−0.003, 

−0.000), p = 0.0370]

[−0.001, (−0.003, 

0.001), p = 0.2167]

[−0.008, (−0.011, 

−0.004), p < 0.0001]

[0.007, (0.004, 0.011), 

p = 0.0002]

[−0.004, (−0.007, 

−0.002), p = 0.0006]

High

(44–59 years)
3,105

[−0.000, (−0.002, 

0.001), p = 0.6816]

[−0.000, (−0.002, 

0.001), p = 0.6251]

[−0.005, (−0.009, 

−0.001), p = 0.0087]

[0.009, (0.006, 0.013), 

p < 0.0001]

[−0.002, (−0.005, 

0.000), p = 0.1155]

The β values and 95% confidence intervals (CIs) are presented with three decimal places. If the value is displayed as 0.000, it indicates that the true value is close to zero and may have been 
rounded due to rounding rules. It should not be interpreted as exactly zero.
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exceeds a certain threshold, the accumulation of LDL and its oxidized 
form (OxLDL) can induce reactive oxygen species (ROS) production, 
activate the NF-κB and RANKL/OPG pathways, significantly 
promoting osteoclast-mediated bone resorption, while suppressing 
osteoblast mineralization, thereby leading to a reduction in BMD 
(57, 58).

Furthermore, the variation in NHHR thresholds across different 
skeletal sites may be related to differences in local bone metabolic 
biomechanics and blood supply. For example, lumbar and pelvic 
BMD, which are subjected to higher mechanical loads, may exhibit 
higher osteoblast activity and better tolerance to lipid metabolic 
disturbances, suggesting a higher NHHR threshold for these sites (59). 
In contrast, sites like the trunk and distal limbs have lower blood 
supply and are more sensitive to changes in lipid metabolism, 
indicating lower NHHR thresholds (60, 61). Additionally, local lipid 
deposition and secretion of adipokines may further exacerbate the 
differential responses of various skeletal sites to lipid metabolic 
changes. For instance, leptin and adiponectin secreted by adipocytes 
in the bone marrow cavity play significant roles in regulating bone 
metabolism, and their concentrations and mechanisms may differ 
across sites, potentially leading to heterogeneous relationships 
between NHHR and BMD (62, 63).

The threshold effect between NHHR and BMD may stem from 
the bidirectional regulation of bone metabolism by lipid 
metabolism through inflammation, oxidative stress, and osteoclast 
signaling pathways. The differences in thresholds between various 
skeletal sites are likely determined by a combination of local blood 
supply, biomechanical characteristics, and the distribution and 
function of adipokines. Future studies are needed to further 
elucidate these physiological mechanisms to optimize strategies for 
the prevention and treatment of osteoporosis related to 
lipid metabolism.

5 Conclusion

This study utilized a large, representative sample, which enhanced 
the statistical power and generalizability of the results. BMD was 
measured with high precision using dual-energy X-ray absorptiometry 
(DXA), ensuring the accuracy and reliability of the data. Additionally, 
a systematic analysis across multiple BMD sites (including the left 
arm, right arm, lumbar spine, pelvis, and total body) further validated 
the systemic impact of NHHR on bone health. Compared to previous 
studies, this research delineated the heterogeneous effects of NHHR 
on BMD across different subgroups by stratifying by BMI, sex, and 
age, providing new insights for precise bone health management.

However, there are some limitations to this study. Its cross-
sectional design precludes the establishment of a causal relationship 
between NHHR and BMD, showing only a correlation. The 
measurement of NHHR was based on a single lipid level assessment, 
and the use of lipid-lowering medications by participants was not 
recorded. Additionally, the sample was primarily drawn from one 
region, which may limit the generalizability to other populations; 
further validation across diverse regions and populations is needed. 
Future studies should involve repeated measurements, multi-region 
validation, and attempt to control potential confounders (For example, 
the specific amount of exercise, female physiological cycle, etc.) in the 

relationship between NHHR and BMD to better define the causal link 
between NHHR and BMD.

Data availability statement

Publicly available datasets were analyzed in this study. This data 
can be found here: the datasets generated and analyzed during the 
current study are available in the NHANES data (www.cdc.gov/nchs/
nhanes), or required from the corresponding author.

Ethics statement

The studies involving humans were approved by in accordance 
with the Declaration of Helsinki, informed consent was obtained from 
all study participants. NHANES was approved by the institutional 
review board of the National Center for Health Statistics of the Center 
for Disease Control and Prevention (CDC). The Ethics Review Board 
(ERB) protocol numbers of NHANES 2011–2018 are #2011–17 and 
#2018–01. The studies were conducted in accordance with the local 
legislation and institutional requirements. The participants provided 
their written informed consent to participate in this study.

Author contributions

SQ: Data curation, Methodology, Software, Writing – original 
draft. BP: Software, Writing – original draft. ZX: Formal analysis, 
Funding acquisition, Resources, Writing  – review & editing. DQ: 
Conceptualization, Methodology, Project administration, Writing – 
original draft. GT: Formal analysis, Funding acquisition, Resources, 
Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by the National Natural Science Foundation of China (No. 
82474541; No. 82174410), Shandong Traditional Chinese Medicine 
Science and Technology Program (M-2023073).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

https://doi.org/10.3389/fnut.2024.1486370
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://www.cdc.gov/nchs/nhanes
http://www.cdc.gov/nchs/nhanes


Qi et al. 10.3389/fnut.2024.1486370

Frontiers in Nutrition 11 frontiersin.org

References
 1. Zhang Y, Kishi H, Kobayashi S. Add-on therapy with traditional Chinese medicine: 

an efficacious approach for lipid metabolism disorders. Pharmacol Res. (2018) 
134:200–11. doi: 10.1016/j.phrs.2018.06.004

 2. Laslett L, Alagona P, Clark B, Drozda J, Saldivar F, Wilson S, et al. The worldwide 
environment of cardiovascular disease: prevalence, diagnosis, therapy, and policy issues: 
a report from the American College of Cardiology. J Am Coll Cardiol. (2012) 60:S1–S49. 
doi: 10.1016/j.jacc.2012.11.002

 3. Wade S, Strader C, Fitzpatrick L, Anthony M, O'Malley C. Estimating prevalence 
of osteoporosis: examples from industrialized countries. Arch Osteoporos. (2014) 9:182. 
doi: 10.1007/s11657-014-0182-3

 4. Chao HW, Chao SW, Lin H, Ku HC, Cheng CF. Homeostasis of glucose and lipid in 
non-alcoholic fatty liver disease. Int J Mol Sci. (2019) 20:298. doi: 10.3390/ijms20020298

 5. Zhang J, Hu W, Zou Z, Li Y, Kang F, Li J, et al. The role of lipid metabolism in 
osteoporosis: clinical implication and cellular mechanism. Genes Dis. (2023) 11:101122. 
doi: 10.1016/j.gendis.2023.101122

 6. Panahi N, Soltani A, Ghasem-Zadeh A, Shafiee G, Heshmat R, Razi F, et al. 
Associations between the lipid profile and the lumbar spine bone mineral density and 
trabecular bone score in elderly Iranian individuals participating in the Bushehr elderly 
health program: a population-based study. Arch Osteoporos. (2019) 14:52. doi: 10.1007/
s11657-019-0602-5

 7. Yazdanpanah MH, Sedighi S, Rajabi MR, Osati S, Dehghan A, Ehrampoush E, et al. 
Lipid profiles as a possible contributor to osteoporosis. Gazi Med J. (2018) 29:191–5.

 8. Orozco P. Atherogenic lipid profile and elevated lipoprotein (a) are associated with 
lower bone mineral density in early postmenopausal overweight women. Eur J 
Epidemiol. (2004) 19:1105–12. doi: 10.1007/s10654-004-1706-8

 9. Bijelic R, Balaban J, Milicevic S. Correlation of the lipid profile, BMI and bone 
mineral density in postmenopausal women. Mater Sociomed. (2016) 28:412–5. doi: 
10.5455/msm.2016.28.412-415

 10. Jeong TD, Lee W, Choi SE, Kim JS, Kim HK, Bae SJ, et al. Relationship between 
serum total cholesterol level and serum biochemical bone turnover markers in healthy 
pre- and postmenopausal women. Biomed Res Int. (2014) 2014:398397. doi: 
10.1155/2014/398397

 11. Ersoy GS, Simsek EE, Vatansever D, Kasikci HO, Keser B, Sakin O. Lipid profile 
and plasma atherogenic index in postmenopausal osteoporosis. North Clin Istanb. (2017) 
4:237–41. doi: 10.14744/nci.2017.61587

 12. Lahon D, Borgohain M, Thakur BB. A correlative study on serum lipid profile and 
osteogenic mineral status in osteoporosis. J Evol Med Dent Sci. (2016) 5:1243–50. doi: 
10.14260/jemds/2016/290

 13. Ghadiri-Anari A, Mortezaii-Shoroki Z, Modarresi M, Dehghan A. Association of 
lipid profile with bone mineral density in postmenopausal women in Yazd province. Int 
J Reprod Biomed (Yazd). (2016) 14:597–602. doi: 10.29252/ijrm.14.9.597

 14. Rosen CJ. The epidemiology and pathogenesis of osteoporosis In: KR Feingold, B 
Anawalt, A Boyce, MR Blackman, G Chrousos and E Corpaset al, editors. Endotext. 
South Dartmouth, MA, USA: MDText.com, Inc (2000)

 15. Shen Y, Huang X, Wu J, Lin X, Zhou X, Zhu Z, et al. The global burden of 
osteoporosis, low bone mass, and its related fracture in 204 countries and territories, 
1990–2019. Front Endocrinol. (2022) 13:882241. doi: 10.3389/fendo.2022.882241

 16. Li H, Xiao Z, Quarles LD, Li W. Osteoporosis: mechanism, molecular target and 
current status on drug development. Curr Med Chem. (2021) 28:1489–507. doi: 10.217
4/0929867327666200330142432

 17. Gao Y, Patil S, Jia J. The development of molecular biology of osteoporosis. Int J 
Mol Sci. (2021) 22:8182. doi: 10.3390/ijms22158182

 18. Aibar-Almazán A, Voltes-Martínez A, Castellote-Caballero Y, Afanador-Restrepo 
DF, del Carcelén-Fraile MC, López-Ruiz E. Current status of the diagnosis and 
Management of Osteoporosis. Int J Mol Sci. (2022) 23:9465. doi: 10.3390/ijms23169465

 19. Adejuyigbe B, Kallini J, Chiou D, Kallini JR. Osteoporosis: molecular pathology, 
diagnostics, and therapeutics. Int J Mol Sci. (2023) 24:14583. doi: 10.3390/ijms241914583

 20. Kan B, Zhao Q, Wang L, Xue S, Cai H, Yang S. Association between lipid 
biomarkers and osteoporosis: a cross-sectional study. BMCMusculoskelet Disord. (2021) 
22:759. doi: 10.1186/s12891-021-04643-5

 21. Lu CW, Wang CH, Hsu BG, Tsai JP. Serum osteoprotegerin level is negatively 
associated with bone mineral density in patients undergoing maintenance hemodialysis. 
Medicina (Kaunas) Martini. (2021) 57:762. doi: 10.3390/medicina57080762

 22. Zhang T, Tian Y, Wang Q, Fu M, Xue C, Wang J. C study of D omparative HA with 
different molecular forms for ameliorating osteoporosis by promoting chondrocyte-to-
osteoblast transdifferentiation in the growth plate of ovariectomized mice. J Food Chem 
Agric. (2021) 69:10562–71. doi: 10.1021/acs.jafc.1c03228

 23. You L, Sheng ZY, Tang CL, Chen L, Pan L, Chen JY. High cholesterol diet increases 
osteoporosis risk via inhibiting bone formation in rats. Acta Pharmacol Sin. (2011) 
32:1498–504. doi: 10.1038/aps.2011.135

 24. Zhou Y, Deng T, Zhang H, Guan Q, Zhao H, Yu C, et al. Hypercholesterolaemia 
increases the risk of high-turn-over osteoporosis in men. Mol Med Rep. (2019) 
19:4603–12. doi: 10.3892/mmr.2019.10131

 25. Aggarwal DJ, Kathariya MG, Verma DPK. LDL-C, NON-HDL-C and APO-B for 
cardiovascular risk assessment: looking for the ideal marker. Indian Heart J. (2021) 
73:544–8. doi: 10.1016/j.ihj.2021.07.013

 26. Pischon T, Girman CJ, Sacks FM. Non–high-density lipoprotein cholesterol and 
apolipoprotein B in the prediction of coronary heart disease in men. Circulation. (2005) 
112:3375–83. doi: 10.1161/CIRCULATIONAHA.104.532499

 27. Liu J, Sempos C, Donahue RP. Joint distribution of non- HDL and LDL cholesterol 
and coronary heart disease risk prediction among individuals with and without diabetes. 
Diabetes Care. (2005) 28:1916–21. doi: 10.2337/diacare.28.8.1916

 28. Figeac F, Tencerova M, Ali D, Andersen TL, Appadoo DRC, Kerckhofs G, et al. 
Impaired bone fracture healing in type 2 diabetes is caused by defective functions of 
skeletal progenitor cells. Stem Cells. (2022) 40:149–64. doi: 10.1093/stmcls/sxab011

 29. Chen Z, Zhao GH, Zhang YK, Shen GS, Xu YJ, Xu NW. Research on the correlation 
of diabetes mellitus complicated with osteoporosis with lipid metabolism, adipokines 
and inflammatory factors and its regression analysis. Eur Rev Med Pharmacol Sci. (2017) 
21:3900–5.

 30. Fu Q, Zhang Z, Hu W, Yang Y. The correlation of triglyc-eride/high-density 
lipoprotein cholesterol ratio with muscle mass in type 2 diabetes patients. BMC Endocr 
Disord. (2023) 23:93. doi: 10.1186/s12902-023-01349-8

 31. Wang X, Zhang C, Zhao G, Yang K, Tao L. Obesity and lipid metabolism in the 
development of osteoporosis (review). Int J Mol Med. (2024) 54:61. doi: 10.3892/
ijmm.2024.5385

 32. Parhami F, Jackson SM, Tintut Y, le V, Balucan JP, Territo M, et al. Atherogenic diet 
and minimally oxidized low density lipoprotein inhibit osteogenic and promote 
adipogenic differentiation of marrow stromal cells. J Bone Miner Res. (1999) 14:2067–78. 
doi: 10.1359/jbmr.1999.14.12.2067

 33. Tian L, Yu X. Lipid metabolism disorders and bone dysfunction--interrelated and 
mutually regulated (review). Mol Med Rep. (2015) 12:783–94. doi: 10.3892/
mmr.2015.3472

 34. Vlashi R, Zhang X, Wu M, Chen G. Wnt signaling: essential roles in osteoblast 
differentiation, bone metabolism and therapeutic implications for bone and skeletal 
disorders. Genes Dis. (2022) 10:1291–317. doi: 10.1016/j.gendis.2022.07.011

 35. Yun HM, Kim E, Kwon YJ, Park KR. Vanillin promotes osteoblast differentiation, 
mineral apposition, and antioxidant effects in pre-osteoblasts. Pharmaceutics. (2024) 
16:485. doi: 10.3390/pharmaceutics16040485

 36. Chan DC, Watts GF. Inhibition of the ANGPTL3/8 complex for the prevention 
and treatment of atherosclerotic cardiovascular disease. Curr Atheroscler Rep. (2024) 
27:6. doi: 10.1007/s11883-024-01254-y

 37. Zhang Z, Duan Y, Huo J. Lipid metabolism, methylation aberrant, and 
osteoporosis: a multi-omics study based on Mendelian randomization. Calcif Tissue Int. 
(2024) 114:147–56. doi: 10.1007/s00223-023-01160-6

 38. Goettsch C, Rauner M, Hamann C, Sinningen K, Hempel U, Bornstein SR, et al. 
Nuclear factor of activated T cells mediates oxidised LDL-induced calcification of 
vascular smooth muscle cells. Diabetologia. (2011) 54:2690–701. doi: 10.1007/
s00125-011-2219-0

 39. Zhou P, Liu L, Lu K, Xu MZ, Ye YW, Li C, et al. Association between triglycerides and 
lumbar bone mineral density in Chinese patients with osteoporotic fractures: a retrospective 
cross-sectional study. Sci Rep. (2024) 14:29473. doi: 10.1038/s41598-024-78926-x

 40. Li B, Wang Y, Gong S, Yao W, Gao H, Liu M, et al. Puerarin improves OVX-
induced osteoporosis by regulating phospholipid metabolism and biosynthesis of 
unsaturated fatty acids based on serum metabolomics. Phytomedicine. (2022) 
102:154198. doi: 10.1016/j.phymed.2022.154198

 41. Wang Y, Jiang C, Shang Z, Qiu G, Yuan G, Xu K, et al. AGEs/RAGE promote 
osteogenic differentiation in rat bone marrow-derived endothelial progenitor cells via 
MAPK signaling. J Diabetes Res. (2022) 2022:4067812–1. doi: 10.1155/2022/4067812

 42. Liu Q, Yao Q, Li C, Yang H, Liang Y, Yang H, et al. Bone protective effects of the 
polysaccharides from Grifola frondosa on ovariectomy-induced osteoporosis in mice 
via inhibiting PINK1/Parkin signaling, oxidative stress and inflammation. Int J Biol 
Macromol. (2024) 270:132370. doi: 10.1016/j.ijbiomac.2024.132370

 43. Zha K, Tian Y, Panayi AC, Mi B, Liu G. Recent advances in enhancement strategies 
for osteogenic differentiation of mesenchymal stem cells in bone tissue engineering. 
Front Cell Dev Biol. (2022) 10:824812. doi: 10.3389/fcell.2022.824812

 44. Day EA, Townsend LK, Rehal S, Batchuluun B, Wang D, Morrow MR, et al. 
Macrophage AMPK β1 activation by PF-06409577 reduces the inflammatory response, 
cholesterol synthesis, and atherosclerosis in mice. iScience. (2023) 26:108269. doi: 
10.1016/j.isci.2023.108269

 45. Guo S, Ni Y, Ben J, Xia Y, Zhou T, Wang D, et al. Class A scavenger receptor 
exacerbates Osteoclastogenesis by an Interleukin-6-mediated mechanism through ERK 
and JNK signaling pathways. Int J Biol Sci. (2016) 12:1155–67. doi: 10.7150/ijbs.14654

 46. Xie J, Xu J, Chen H. Regulatory mechanisms of mi R-212-3p on the secretion of 
inflammatory factors in monocyte-macrophages and the directed differentiation into 
osteoclasts in ankylosing spondylitis. Aging (Albany NY). (2023) 15:13411–21. doi: 
10.18632/aging.205249

https://doi.org/10.3389/fnut.2024.1486370
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.phrs.2018.06.004
https://doi.org/10.1016/j.jacc.2012.11.002
https://doi.org/10.1007/s11657-014-0182-3
https://doi.org/10.3390/ijms20020298
https://doi.org/10.1016/j.gendis.2023.101122
https://doi.org/10.1007/s11657-019-0602-5
https://doi.org/10.1007/s11657-019-0602-5
https://doi.org/10.1007/s10654-004-1706-8
https://doi.org/10.5455/msm.2016.28.412-415
https://doi.org/10.1155/2014/398397
https://doi.org/10.14744/nci.2017.61587
https://doi.org/10.14260/jemds/2016/290
https://doi.org/10.29252/ijrm.14.9.597
https://doi.org/10.3389/fendo.2022.882241
https://doi.org/10.2174/0929867327666200330142432
https://doi.org/10.2174/0929867327666200330142432
https://doi.org/10.3390/ijms22158182
https://doi.org/10.3390/ijms23169465
https://doi.org/10.3390/ijms241914583
https://doi.org/10.1186/s12891-021-04643-5
https://doi.org/10.3390/medicina57080762
https://doi.org/10.1021/acs.jafc.1c03228
https://doi.org/10.1038/aps.2011.135
https://doi.org/10.3892/mmr.2019.10131
https://doi.org/10.1016/j.ihj.2021.07.013
https://doi.org/10.1161/CIRCULATIONAHA.104.532499
https://doi.org/10.2337/diacare.28.8.1916
https://doi.org/10.1093/stmcls/sxab011
https://doi.org/10.1186/s12902-023-01349-8
https://doi.org/10.3892/ijmm.2024.5385
https://doi.org/10.3892/ijmm.2024.5385
https://doi.org/10.1359/jbmr.1999.14.12.2067
https://doi.org/10.3892/mmr.2015.3472
https://doi.org/10.3892/mmr.2015.3472
https://doi.org/10.1016/j.gendis.2022.07.011
https://doi.org/10.3390/pharmaceutics16040485
https://doi.org/10.1007/s11883-024-01254-y
https://doi.org/10.1007/s00223-023-01160-6
https://doi.org/10.1007/s00125-011-2219-0
https://doi.org/10.1007/s00125-011-2219-0
https://doi.org/10.1038/s41598-024-78926-x
https://doi.org/10.1016/j.phymed.2022.154198
https://doi.org/10.1155/2022/4067812
https://doi.org/10.1016/j.ijbiomac.2024.132370
https://doi.org/10.3389/fcell.2022.824812
https://doi.org/10.1016/j.isci.2023.108269
https://doi.org/10.7150/ijbs.14654
https://doi.org/10.18632/aging.205249


Qi et al. 10.3389/fnut.2024.1486370

Frontiers in Nutrition 12 frontiersin.org

 47. Chu S, Yu T, Wang W, Wu H, Zhu F, Wei C, et al. Exosomes derived from Eph B2-
overexpressing bone marrow mesenchymal stem cells regulate immune balance and repair 
barrier function. Biotechnol Lett. (2023) 45:601–17. doi: 10.1007/s10529-023-03358-y

 48. Lin W, Luo S, Li W, et al. Association between the non-HDL-cholesterol to HDL- 
cholesterol ratio and abdominal aortic aneurysm from a Chinese screening program. 
Lipids Health Dis. (2023) 22:187. doi: 10.1186/s12944-023-01939-4

 49. Qing G, Deng W, Zhou Y, Zheng L, Wang Y, Wei B. The association between non-
high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio 
(NHHR) and suicidal ideation in adults: a population-based study in the United States. 
Lipids Health Dis. (2024) 23:17. doi: 10.1186/s12944-024-02012-4

 50. Zhu L, Lu Z, Zhu L, Ouyang X, Yang Y, He W, et al. Lipoprotein ratios are better 
than conventional lipid parameters in predicting coronary heart disease in Chinese Han 
people. Kardiol Pol. (2015) 73:931–8. doi: 10.5603/KP.a2015.0086

 51. Di Angelantonio E, Sarwar N, Perry P, Kaptoge S, Ray KK, Thompson A, et al. 
Major lipids, apolipoproteins, and risk of vascular disease. JAMA. (2009) 302:1993–2000. 
doi: 10.1001/jama.2009.1619

 52. Gao P, Wen X, Ou Q, Zhang J. Which one of LDL-C /HDL-C ratio and non-
HDL-C can better predict the severity of coronary artery disease in STEMI patients. 
BMC Cardiovasc Disord. (2022) 22:318. doi: 10.1186/s12872-022-02760-0

 53. Gao S, Ramen K, Yu S, Luo J. Higher non-HDL-cholesterol to HDL-cholesterol 
ratio is linked to increase in non-alcoholic fatty liver disease: secondary analysis based 
on a longitudinal study. Int J Clin Exp Pathol. (2020) 13:2569–2575.

 54. Wang J, Li S, Pu H, He J. The association between the non-high-density lipoprotein 
cholesterol to high-density lipoprotein cholesterol ratio and the risk of osteoporosis 
among U.S. adults: analysis of NHANES data. Lipids Health Dis. (2024) 23:161. doi: 
10.1186/s12944-024-02152-7

 55. Mousa H, Al Saei A, Razali RM, Zughaier SM. Vitamin D status affects proteomic 
profile of HDL-associated proteins and inflammatory mediators in dyslipidemia. J Nutr 
Biochem. (2024) 123:109472. doi: 10.1016/j.jnutbio.2023.109472

 56. Martineau C, Martin-Falstrault L, Brissette L, Moreau R. The atherogenic Scarb1 
null mouse model shows a high bone mass phenotype. Am J Physiol Endocrinol Metab. 
(2014) 306:E48–57. doi: 10.1152/ajpendo.00421.2013

 57. Meng S, Wang Z, Liu X, Shen K, Gu Y, Yu B, et al. Uptake of ox-LDL by 
binding to LRP6 mediates oxidative stress-induced BMSCs senescence promoting 
obesity-related bone loss. Cell Signal. (2024) 117:111114. doi: 10.1016/j.
cellsig.2024.111114

 58. Mazière C, Salle V, Gomila C, Mazière JC. Oxidized low density lipoprotein 
enhanced RANKL expression in human osteoblast-like cells. Involvement of ERK, 
NFkappaB and NFAT. Biochim Biophys Acta. (2013) 1832:1756–64. doi: 10.1016/j.
bbadis.2013.05.033

 59. Walowski CO, Herpich C, Enderle J, Braun W, Both M, Hasler M, et al. 
Determinants of bone mass in older adults with normal- and overweight derived 
from the crosstalk with muscle and adipose tissue. Sci Rep. (2023) 13:5030. doi: 
10.1038/s41598-023-31642-4

 60. Tomlinson RE, Silva MJ. Skeletal blood flow in bone repair and maintenance. Bone 
Res. (2013) 1:311–22. doi: 10.4248/BR201304002

 61. Agostinete RR, Duarte JP, Valente-dos-Santos J, Coelho-e-Silva M, Tavares O, 
Conde J, et al. Bone tissue, blood lipids and inflammatory profiles in adolescent male 
athletes from sports contrasting in mechanical load. PLoS One. (2017) 12:e0180357. doi: 
10.1371/journal.pone.0180357

 62. Iwaniec UT, Turner RT. Influence of body weight on bone mass, architecture, and 
turnover. J Endocrinol Investig. (2016) 39:387–94. doi: 10.1007/s40618-015-0408-1

 63. Camerino C. The long way of oxytocin from the uterus to the heart in 70 years 
from its discovery. Int J Mol Sci. (2023) 24:2556. doi: 10.3390/ijms24032556

 64. Li H, Liao X, Lan M, He J, Gao J, Fan Z, et al. Arctigenin modulates Adipogenic-
osteogenic balance in the bone marrow microenvironment of Ovariectomized rats via 
the MEK1/PPARγ/Wnt/β-catenin pathway. Chem Biol Drug Des. (2024) 104:e14625. doi: 
10.1111/cbdd.14625

https://doi.org/10.3389/fnut.2024.1486370
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1007/s10529-023-03358-y
https://doi.org/10.1186/s12944-023-01939-4
https://doi.org/10.1186/s12944-024-02012-4
https://doi.org/10.5603/KP.a2015.0086
https://doi.org/10.1001/jama.2009.1619
https://doi.org/10.1186/s12872-022-02760-0
https://doi.org/10.1186/s12944-024-02152-7
https://doi.org/10.1016/j.jnutbio.2023.109472
https://doi.org/10.1152/ajpendo.00421.2013
https://doi.org/10.1016/j.cellsig.2024.111114
https://doi.org/10.1016/j.cellsig.2024.111114
https://doi.org/10.1016/j.bbadis.2013.05.033
https://doi.org/10.1016/j.bbadis.2013.05.033
https://doi.org/10.1038/s41598-023-31642-4
https://doi.org/10.4248/BR201304002
https://doi.org/10.1371/journal.pone.0180357
https://doi.org/10.1007/s40618-015-0408-1
https://doi.org/10.3390/ijms24032556
https://doi.org/10.1111/cbdd.14625

	The relationship between non-HDL-C/HDL-C ratio and bone mineral density: an NHANES study
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Calculation of NHHR
	2.3 Study variables
	2.4 Statistical analysis

	3 Results
	3.1 Characteristics of the study population
	3.2 Association between NHHR and BMD
	3.3 Stratified analysis of the relationship between NHHR and BMD: insights into modulatory effects and population-specific variations

	4 Discussion
	5 Conclusion

	References

