

[image: image1]
A negative association between total cholesterol and bone mineral density in US adult women












	
	TYPE Original Research
PUBLISHED 30 September 2022
DOI 10.3389/fnut.2022.937352






A negative association between total cholesterol and bone mineral density in US adult women

Weihua Fang1†, Peng Peng2†, Fangjun Xiao1, Wei He3,4, Qiushi Wei3,4* and Mincong He3,4*


1The Third Clinical Medical School, Guangzhou University of Chinese Medicine, Guangzhou, China

2The First Clinical Medical School, Guangzhou University of Chinese Medicine, Guangzhou, China

3Guangdong Research Institute for Orthopedics and Traumatology of Chinese Medicine, Guangzhou, China

4Department of Orthopaedics, The Third Affiliated Hospital, Guangzhou University of Chinese Medicine, Guangzhou, China

[image: image2]

OPEN ACCESS

EDITED BY
Christelle Guillet, University of Auvergne, France

REVIEWED BY
Sook Yee Lim, UCSI University, Malaysia
 Candelaria Martín González, University of La Laguna, Spain

*CORRESPONDENCE
 Qiushi Wei, weiqiushi1967@gzucm.edu.cn
 Mincong He, min-cong.he@hotmail.com

†These authors have contributed equally to this work

SPECIALTY SECTION
 This article was submitted to Clinical Nutrition, a section of the journal Frontiers in Nutrition

RECEIVED 10 May 2022
 ACCEPTED 15 September 2022
 PUBLISHED 30 September 2022.

CITATION
 Fang W, Peng P, Xiao F, He W, Wei Q and He M (2022) A negative association between total cholesterol and bone mineral density in US adult women. Front. Nutr. 9:937352. doi: 10.3389/fnut.2022.937352

COPYRIGHT
 © 2022 Fang, Peng, Xiao, He, Wei and He. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Background: The association between serum total cholesterol (TC) and bone mineral density (BMD) is still controversial. We aimed to evaluate the association of serum TC with BMD in general US adult women.

Methods: A cross-sectional study consisting of 7,092 (age range 20–85) participants from the National Health and Nutrition Examination Survey (NHANES) database was conducted. Weighted multivariate linear regression analyses were performed to evaluate association between serum TC and lumbar spine BMD. In addition, subgroup and interaction analysis were used in this study.

Results: The serum TC was negatively correlated with lumbar spine BMD after adjusting for confounders. Subgroup analysis found that the strongest negative association mainly exists in women aged over 45 years with body mass index (BMI) <24.9 kg/m2, and this association is not significant in other groups.

Conclusions: This study found that serum TC exhibit an inverse association with lumbar spine BMD in Us women aged over 45 years. The measurement of serum TC may provide information for predicting poor bone health outcomes in these women.
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Introduction

Osteoporosis is a high incidence disease characterized by decreased bone mass, microarchitectural degeneration, and fragility fractures (1). Osteoporosis causes ~1.5 million fractures each year in the United States, the great majority of which occur in postmenopausal women (2). In 1997, the medical expenditures for osteoporotic fractures in the United States were $14 billion, and the cost is expected to reach nearly $ 50 billion by 2040 (3). Bone mineral density (BMD) is an effective indicator for assessing osteoporosis, and low BMD is associated with high fracture risk (4). Therefore, recognizing the risk factors for low BMD is critical for the predicting and prevention of osteoporosis.

There is growing evidence of a strong relationship between BMD and cardiovascular diseases and the metabolic syndrome, with the serum lipid profile possibly playing a key role in this interaction (5–9). As a result, a growing number of studies have examined the relationship between BMD and serum lipids. In a cross-sectional study, Sun C et al. reported that serum total cholesterol (TC) had a large negative impact on BMD in US population (10). Another study from Denmark observed that TC showed significant negative correlation with BMD at the lumbar spine and distal forearm, but not at the hip (11). Also, Trimpou et al. reported that serum TC is an independent risk factor for osteoporotic fracture, and high TC level is a long-term cause of osteoporotic fractures (12). However, a cross-sectional analysis in 136 Caucasian found that higher level of TC was positively associated with BMD of various skeletal sites (13). In addition, several studies have detected no association of serum TC levels with BMD (14–17).

The results of these studies show that the association between serum TC and BMD is still uncertain. Therefore, it's worthwhile to investigate the association between serum TC and BMD to determine whether serum TC can be used to predict the likelihood of osteoporosis or osteopenia. This study aimed to investigate the association between serum TC and lumbar spine BMD in US adult women using data from the National Health and Nutrition Examination Survey (NHANES) database.



Materials and methods


Study population

The NHANES database is a population-based national survey that provided information on the nutrition and health of the American population. The NHANES database is available publicly at www.cdc.gov/nchs/nhanes. Data from 1999 to 2006 in NHANES were combined in our study. Of the 41,474 participants, there were 10,701 women aged 20–85 years, 2,943 had missing data on TC or BMD, and 666 had a cancer diagnosis. After applying these exclusion criteria, 7,092 participants were included in the final analysis (Figure 1).
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FIGURE 1
 Flowchart of the participants selection.




Study variables

The independent variable in this study was serum TC. The dependent variable was lumbar spine BMD measured by the dual-energy x-ray (DEXA) scans. The following variables were included in final analysis as covariates: age, race, physical activity, education, body mass index (BMI), triglycerides, HDL cholesterol, serum phosphorus, serum calcium, serum potassium, alkaline phosphatase, LDL cholesterol, phosphorus intake, and protein intake. The examination parts related to clinical and laboratory evaluations were all carried out by well-trained medical experts. The detailed acquisition process and measuring method of each variable are available at www.cdc.gov/nchs/nhanes.



Statistical analysis

All analyses used weights from the NHANES examination sample adjusted for non-response, non-coverage, and unequal probabilities of selection. In the descriptive analysis, continuous variables were reported as mean ± standard deviation; categorical variables were reported as percentages. Weighted multivariate linear regression models were performed to evaluate the association between serum TC and lumbar spine BMD. Interaction and stratified analyses by age and BMI were performed. P < 0.05 (two-sided) was considered statistically significant. Modeling was performed with the EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc., Boston, MA) and statistical software packages R (http://www.R-project.org, The R Foundation).




Results


Baseline characteristics of participants

A total of 7,092 women aged 20–85 years were included in this study. The weighted population characteristics of participants by serum TC quartiles (Q1: 82–174 mg/dL; Q2: 175–199 mg/dL; Q3: 200–228 mg/dL; Q4: 229–419 mg/dL) were shown in Table 1. Among different groups of serum TC (quartiles, Q1–Q4), age, race, physical activity, education, BMI, triglycerides, HDL cholesterol, serum phosphorus, serum calcium, serum potassium, alkaline phosphatase, LDL cholesterol, phosphorus intake, protein intake, and lumbar spine BMD are all significantly different. Participants in the top quartile of serum TC were more likely to be older, whites, have lower values of lumbar spine BMD and higher triglycerides, LDL cholesterol, and alkaline phosphatase. In addition, the distribution of serum TC is presented in Figure 2.


TABLE 1 Weighted characteristics of 7,092 participants included in this study.
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FIGURE 2
 Distribution histogram of serum TC. (A) Among all participants; (B) Among participants aged <45; (C) Among participants aged ≥45. TC, total cholesterol.




Univariate analysis

The results of univariate analysis were shown in Table 2. The results of univariate analysis showed that age, race, triglycerides, HDL cholesterol, serum phosphorus, serum calcium, serum potassium, alkaline phosphatase, and LDL cholesterol were negatively correlated with higher lumbar spine BMD. We also found that education levels, physical activity, protein intake, phosphorus intake, and BMI were correlated with higher lumbar spine BMD.


TABLE 2 The result of univariate analysis.
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Association between serum TC and lumbar spine BMD

Three weighted multivariate linear regression models were constructed (Table 3). In the unadjusted model, serum TC was negatively correlated with lumbar spine BMD [β = −0.0006, 95% CI: (– 0.0007, – 0.0005)]. After adjusting for confounding factors, this negative association remained in Model 2 [β = – 0.0003, 95% CI: (– 0.0004, – 0.0002)] and Model 3 [β= – 0.0167, 95% CI: (– 0.0334, – 0.0001)]. After converting serum TC from a continuous variable to a categorical variable (quartiles), individuals in the highest quartile had a 0.0135 g/cm2 lower lumbar spine BMD than those in the lowest quartile of serum TC.


TABLE 3 Association of serum TC with lumbar spine bone mineral density in 7,092 female participants aged 20–85 years.
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Subgroup analyses

On subgroup analysis (Table 4), we observed the association between serum TC and lumbar spine BMD stratified by demographic variables. When stratified by age, a significant negative association existed in participants aged ≧45 years [– 0.0286 (– 0.0528, – 0.0045)]. BMI was converted into categorical variable using 24.9 and 29.9 kg/m2 as cut points. When stratified by BMI, serum TC was negatively correlated with lumbar spine BMD in participants with BMI <24.9 kg/m2 [– 0.0280 (– 0.0568, – 0.0008)]. Interaction analyses revealed the association between serum TC levels and lumbar spine BMD was modified by age and BMI (Table 4). The association between TC and lumbar spine BMD was stronger among participants aged over 45 years (β = – 0.0286, Pint = 0.0049), among participants with BMI <24.9 kg/m2 (β = – 0.0280, Pint = 0.0055).


TABLE 4 Subgroup analysis of serum TC with lumbar spine bone mineral density, stratified by age and body mass index.
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Discussion

In the present cross-sectional study, we used the representative samples of the NHANES 1999–2006 to analyze the association between serum TC and lumbar spine BMD in US adult women. We found that serum TC were negatively correlated with lumbar spine BMD, especially in women aged over 45 years with BMI <24.9 kg/m2.

Osteoporosis is a metabolic disease, resulting in a progressive reduction in bone strength and enhanced bone fragility with susceptibility to fractures (18). Decreased BMD is an important diagnostic criterion for osteoporosis. The World Health Organization (WHO) defines osteoporosis as a BMD that lies 2.5 SDs below the mean maximum BMD (19). In recent years, there is growing epidemiological and biological evidence supports correlation between osteoporosis and cardiovascular disease (20, 21). Lipid metabolism is involved in the progress of these two disease (20). Among lipid profiles, serum TC is a derivative of cyclopentane dihydrophenanthrene, which is an important participant in the metabolism of tissue cells in the body. Studies show that cholesterol and its metabolites inhibit osteoblastic differentiation in bone cells (22). Moreover, a recent meta-analysis including 33 studies reported that statins increase BMD at the total hip and lumbar spine and decreased the risk of fractures (23). Collectively, these observations seem to suggest that serum TC might serve as a possible biomarker for predicting osteoporosis.

Clinical investigations of the association between serum TC and BMD in adults are controversial. In a cross-sectional study conducted in the USA, researchers discovered a negative correlation between serum TC level and left arm BMD, left leg BMD, and total BMD (10). A Camargo cohort study from Spanish found that serum TC was positively correlated to BMD at lumbar spine and hip (24). Brownbill et al. reported a positive correlation between high level of TC and BMD in 136 Caucasian postmenopausal women (13). Other studies from US also obtained different results regarding the association between serum TC and BMD (14, 25). The population in this study was a representative and large sample of US women aged 20–85 years. Our findings were similar with previous studies (10, 26, 27). The results indicate that serum TC was negatively correlated with lumbar spine BMD in US adult women.

Obesity has been demonstrated to be associated with abnormal lipid metabolism (28). BMI is the most widely used standard for measuring general obesity (29). Some studies reported that BMI was independently related to BMD (30, 31). Another cross-sectional study reported a negative association between waist circumference and lumbar BMD in premenopausal and postmenopausal women with BMI < 25 kg/m2, and middle aged men with BMI ≥30 kg/m2 (32). Similarly, we converted BMI into a categorical variable using 24.9 and 29.9 kg/m2 as cut points. When stratified by BMI, serum TC was negatively correlated with lumbar spine BMD in participants with BMI <24.9 kg/m2. Further prospective intervention studies are need to confirm this association.

Age was an important factor in this study that we could not ignore. Osteoporosis is much more common in women than in men. Approximately, one in three women and one in five men over the age of 50 have osteoporosis (33). In women, rapid bone loss occurs in the early postmenopausal period and lasts for 5–10 years after menopause, suggesting that estrogen loss is an important etiologic factor for osteoporosis in women (34). Several studies have shown a significant increase in serum TC in early menopause (35). The findings of these researches indicated that age is closely related to BMD and lipid metabolism. In subgroup analysis, we found that a higher serum TC level was associated with lower lumbar spine BMD in women aged over 45 years. Therefore, these present results further illustrated the association between lipid metabolism and BMD.

The strength of this study is that the NHANES database contains representative samples of the multi-ethnic population. In addition, the large sample size allows us to better conduct subgroup analyses. However, several limitations needed to be acknowledged in our study. First, the nature of the cross-sectional design makes it difficult to determine the causal relationship between serum TC and lumbar spine BMD. Therefore, further prospective studies are needed to confirm the relationship between serum TC and lumbar spine BMD. Second, the lumbar spine, the hip and the femoral neck are the most commonly used regions for evaluation of BMD. However, BMD of the hip and the femoral neck were not available in most participants and we only examined the association between serum TC and lumbar spine BMD. Finally, there may be other incomplete or unmeasured confounding variables that could alter the results we observed.

In summary, this cross-sectional study discovered a negative association between serum TC and lumbar spine BMD, especially in women aged over 45 years with BMI <24.9 kg/m2. It is suggested that the measurement of serum TC may provide information for predicting poor bone health outcomes in these women.
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