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Background: Hypertension is a significant chronic disease that has been linked with bone mineral density (BMD) in various studies. However, the conclusions are contradictory. The purpose of our study was to identify the bone mineral density (BMD) of postmenopausal females and males older than 50 years with hypertension.

Methods: This cross-sectional study of 4,306 participants from the 2005–2010 US National Health and Nutrition Examination Survey explored the relationship between BMD and hypertension. Participants who had a mean systolic blood pressure (SBP) ≥140 mmHg, or a mean diastolic blood pressure (DBP) ≥90 mmHg, or were taking any prescribed medicine for high blood pressure were defined as having hypertension. BMD values were measured at the femoral neck and lumbar vertebrae as the primary outcome. Weight general linear model was used to describe the status of BMD in patients with hypertension. Weighted multivariate regression analysis was conducted to demonstrate the association between hypertension and BMD. Weighted restricted cubic spline (RCS) was used to assess the relationship between BMD and SBP and DBP.

Results: Our study found that there was a positive association between hypertension and lumbar BMD and the lumbar BMD was significantly higher in the presence of hypertension than in the control group in both males (1.072 vs. 1.047 g/cm2) and females (0.967 vs. 0.938 g/cm2; both p < 0.05), but a similar pattern was not found in the femoral neck. Meanwhile, lumbar BMD was positively associated with SBP and negatively associated with DBP both in males and females. The prevalence of low bone mass and osteoporosis at the lumbar vertebrae was lower in male patients with hypertension than in the control group. However, no difference was observed among postmenopausal females between the hypertension and control groups.

Conclusions: Hypertension was associated with higher BMD at the lumbar vertebrae in both males older than 50 years and postmenopausal females.
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Introduction

Hypertension is a common public health problem whose prevalence increases with age (1). Osteoporosis is a bone disease characterized by a decrease in bone mass and microstructure, and bone tissue (2, 3). Several studies have indicated that age plays an important role in osteoporosis, and osteoporosis increases fracture occurrence, which poses a considerable disease burden for society. In 2005, the estimated direct medical costs associated with treating osteoporosis in the United States ranged from $13.7 billion to $20.3 billion (3). The number of annual cases of osteoporotic fracture is estimated to be exceed three million with a cost of $25.3 billion by 2025 (3–5).

Males older than 50 years and postmenopausal females are a population with a high risk of hypertension and osteoporosis. Bone mineral density (BMD) is an important clinical parameter of human bone strength and predicting bone fracture risk, and is the current gold standard for diagnosing osteoporosis (6). Some researchers have found an association between fractures and BMD values in the lumbar vertebrae and femoral neck (7). A meta-analysis of prospective studies found that BMD measurements at the spine have an acceptable predictive ability for spine fractures (RR 2.3, 1.9–2.8), and hip BMD can predict hip fractures (RR 2.6, 2.0–3.5) with one SD drop in bone density (8). However, a wide overlap in BMD between the patients with and without incident fracture exists. More attention should therefore be given to the BMD status of males ≥50 years old and postmenopausal females with hypertension.

However, previous studies have produced conflicting conclusions on the association between blood pressure and BMD. Tsuda et al. (9) and Hong et al. (10) considered hypertension to be inversely associated with BMD. Other studies found no association between blood pressure and BMD in postmenopausal females (11–13). The population-based Canadian Multicentre Osteoporosis Study, which was a cross-sectional cohort study of males and females older than 50 years (5,566 females and 2,187 males), found that hypertension was associated with higher BMD (14). It has similarly been reported that a positive association was found between lumbar BMD and systolic blood pressure (SBP) in 2,000 females and 2,000 males (15).

Given the different results of these studies and considering different countries and sample sizes may affect the results of BMD status in hypertension, and lumbar BMD and femoral neck are the most common sites of osteoporosis. Measuring the BMD of the femoral neck and lumbar spine can evaluate changes in bone metabolism and the degree of osteoporosis, which have special importance and significance. Therefore, we used the 2005–2010 National Health and Nutrition Examination Survey (NHANES) cross-sectional study, a nationally representative sample of the US, to explore the BMD status of lumbar and femoral neck among postmenopausal females and males older than 50 years with and without hypertension in the United States. This study may provide new ideas for the control of hypertension in the middle-aged and elderly.



Method


Study design and study population

NHANES is conducted by the National Center for Health Statistics (NCHS) of the Centers for Disease Control and Prevention and is designed to evaluate the health and nutritional status of adults and children in the United States. NHANES is a cross-sectional study, and its publicly available data cover interviews and medical examinations, including demographic, dietary, examination, laboratory, and questionnaire data. Some researchers have provided detailed descriptions of relevant public databases (16).

The data of the present study was obtained from the consecutive versions of the NHANES, and the reason for choosing these three consecutive versions is that the BMD values of the proximal femur and lumbar vertebrae have been measured using a fan-beam DXA up until now. The study focused on postmenopausal females and males older than 50 years. The initial study sample enrolled 7,829 individuals. From this initial sample, we excluded those with missing data on hypertension, L1–L4 vertebrae BMD, femoral neck BMD, total calcium, body mass index (BMI), physical activity status, recent smoking status, marriage, family poverty income ratio (PIR), education, or self-reported cardiovascular disease (congestive heart failure, coronary heart disease, angina pectoris, heart attack, and stroke) or other diseases (arthritis, emphysema, and chronic bronchitis). The remaining 4,306 participants (2,208 males and 2,098 females) were analyzed in the present study. The detailed data screening process is shown in Figure 1.
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FIGURE 1
 Flowchart inclusion of study participants. BMI, body mass index; family PIR, family poverty income ratio.




BMD measurement

Hologic QDR 4500A fan-beam densitometers (Hologic, Bedford, MA) were used to measure the femoral neck and anterior-posterior lumbar vertebrae according to the recommended procedures. Within the 2005–2010 NHANES, the femur scans were estimated using version 12.4 of Hologic Discovery, and the lumbar scans were calculated using APEX (version 3.0) software. The mean value among the first to the fourth lumbar vertebrae was taken as the value of lumbar BMD. T-scores were also used to describe the osteoporosis statuses of males older than 50 years and postmenopausal females, calculated as (measured BMD – mean BMD of reference group)/(SD of BMD in the reference group) (17). Based on WHO recommendations (18), we selected 20–29 non-Hispanic white females from NHANES III as a reference group for femoral neck BMD (19). For the lumbar BMD reference group, we selected 30-year-old white females from the DXA manufacturer reference database (20). T-scores were divided into three categories: ≥-1.0, < -1.0 and >-2.5, and ≤ -2.5, which were designated as normal skeletal status, low bone mass, and osteoporosis, respectively (21).

The details of blood pressure measurements have been described in NHANES (https://wwwn.cdc.gov/Nchs/Nhanes/2005-2006/BPX_D.htm). The data of the first, second, and third blood pressure measurements were used for the present analyses. If the blood pressure of a participant was measured three times, the mean SBP and mean diastolic blood pressure (DBP) were defined as the mean of the three readings; if their blood pressure was measured twice, the mean SBP and mean DBP were the mean of the two readings; if they were measured once, then it was the mean SBP and the mean DBP.



Hypertension definition

Participants who had a mean SBP ≥140 mmHg, or a mean DBP ≥90 mmHg, or took any prescribed medicine for high blood pressure were defined as having hypertension, which was based on the Joint National Committee [JNC]7 guideline (22). In NHANES, a participant was considered to have high blood pressure if they answered “yes” to the question “Are you now taking prescribed medicine for high blood pressure?”.



Covariates

Additional information included baseline data such as demographic variables (e.g., age, sex, race, marital status, family PIR, education, and disease history), lifestyle variables (e.g., recent smoking status, BMI, and physical activity status), and biochemical indicators (serum calcium).

Among demographic variables, marital status was classified as living with others (married or living with a partner) and living alone (widowed, divorced, separated, or never married). Family PIR was grouped into three categories: low (≤ 1), middle (>1 and < 4), and high (≥4) (23). Education was divided into lower than high school, high school or equivalent, and college or above. Some self-reported diseases were included, such as arthritis, congestive heart disease, coronary heart disease, angina pectoris, heart attack, and stroke.

For recent smoking status, we analyzed the smoking history of participants during the past 5 days. Smoking was defined as any product containing nicotine, such as cigarettes, pipes, cigars, chewing tobacco, snuff, nicotine patches, or nicotine gum. Body measurement data (e.g., BMI) were collected by trained health technicians. In addition, physical activity status was demonstrated by self-reported moderate/vigorous recreational physical activity (RPA). In the 2005–2006 NHANES data, self-reported moderate/vigorous RPA was ascertained if the participant answered “yes” to the following questions: “Over the past 30 days, did [you/study participant (SP)] do any vigorous activities for at least 10 min that caused heavy sweating, or large increases in breathing or heart rate? Some examples are running, lap swimming, aerobics classes or fast bicycling,” and “Over the past 30 days, did (you/SP) do moderate activities for at least 10 min that caused only light sweating or a slight to moderate increase in breathing or heart rate? Some examples are brisk walking, bicycling for pleasure, golf, and dancing.” In the 2007–2010 NHANES data, the relevant questions were “(Do you/Does SP) do any vigorous-intensity sports, fitness, or recreational activities that cause large increases in breathing or heart rate like running or basketball for at least 10 min continuously?” and “(Do you/Does SP) do any moderate-intensity sports, fitness, or recreational activities that cause a small increase in breathing or heart rate such as brisk walking, bicycling, swimming, or golf for at least 10 min continuously?”.



Statistical analyses

Variables conforming to a normal distribution were expressed as mean ± standard error (SE), and categorical variables were expressed as numbers and weighted percentages. The weighted t-test or chi-square test was used to analyze baseline information in the control and hypertension groups. Considering that BMD varies greatly between sexes, we divided the participants into male and female subgroups to analyze the differences in BMD distribution. Weighted multivariate linear regression was used to demonstrate the association between hypertension and BMD of the femoral neck and lumbar vertebrae. Model 1 did not adjust any variables, model 2 adjusted for age, race, and BMI, and model 3 adjusted for age, race, marriage, BMI, family PIR, education, insurance, recent smoking status, physical activity status, total calcium, arthritis, congestive heart failure, coronary heart disease, angina/angina pectoris, heart attack, and stroke. Weight general linear model was performed to describe the mean and SE values of the BMDs of femoral neck and lumbar vertebrae in the hypertension and control groups. The prevalence rates of normal skeletal status, low bone mass, and osteoporosis in at-risk populations (males older than 50 years and postmenopausal females) were analyzed according to types of hypertension. In addition, the relationship between BMD of femoral neck and lumbar vertebrae and SBP and DBP was assessed by weighted restricted cubic spline (RCS).

Considering the possible impact of antihypertensive drugs, glucocorticoids (prednisone or cortisone), thyroid function on BMD, sensitivity analysis was conducted to further verify the robustness of the results by excluding the population taking hypertensive drugs, people taking prednisone or cortisone, and people with thyroid problems.

All statistics were completed in the “survey” package of the R software. Probability values of p < 0.05 were considered to be statistically significant.




Results


The baseline characteristics of subjects

The final analysis included 4,306 participants. Baseline characteristics of the eligible participants are listed in Table 1. There were 2,341 participants in the hypertension group and 1,965 in the control group.


TABLE 1 Baseline characteristics of postmenopausal females and male participants over 50 years of age from the US National Health and Nutrition Examination Survey (US NHANES).

[image: Table 1]

The age distribution differed significantly between the hypertension and control groups (p < 0.001): 63.44 ± 0.29 and 57.33 ± 0.30 years, respectively. There were also significant differences between the control group and hypertension group in race, BMI, education, family PIR, physical activity status, recent smoking status, serum calcium, cardiovascular disease history (congestive heart disease, coronary heart disease, angina pectoris, heart attack, and stroke), and arthritis history, but not marital status and gender.



The mean BMD of hypertension and control group

The mean BMDs of different groups in the 2005–2010 NHANES are listed in Table 2. There were significantly higher lumbar spine BMD in hypertensive male compared to control group that remained significant without adjustment (p < 0.001) and after adjusting for age, race/ethnicity, and BMI (p = 0.003). The differences persisted further after adjusting for marriage, family PIR, education, recent smoking status, physical activity status, total calcium, arthritis, congestive heart failure, coronary heart disease, angina/angina pectoris, heart attack, and stroke (p = 0.001). Among males, the hypertension group had higher lumbar BMD than the control group (model 3: 1.072 vs. 1.047 g/cm2). A similar result was observed in the lumbar BMD of females after the adjustments of model 3 (hypertension vs. control: 0.967 vs. 0.938 g/cm2, p = 0.003). However, the difference in femoral neck BMD between the control and hypertension groups was not significant for both males and females (p > 0.05).


TABLE 2 Mean BMD (g/cm2) according to the type of hypertension in NHANES 2005 to 2010.
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The association between BMD and hypertension

The associations between BMD and hypertension are demonstrated in Table 3. There is a positive association between hypertension and lumbar BMD in males. Compared with non-hypertension, the hypertension participants have a slightly higher BMD in males of the lumbar spine in three models (model 3: β = 0.025, 95%CI = 0.011, 0.039, p = 0.001). In females, we found a similar positive association between hypertension and BMD of the lumbar spine after the fully adjusted model (model 3: β = 0.028, 95%CI = 0.010, 0.046, p = 0.003). However, we did not find a significant association between hypertension and BMD of the femur neck both in males and females (p > 0.05).


TABLE 3 Weighted multivariate linear regression of association between hypertension and BMD in males and females.
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The association between BMD and SBP, DBP

The associations between BMD and SBP, DBP are shown in Figures 2–5. A positive correlation was observed between lumbar BMD and SBP for male and female (p-non-linear < 0.001). Meanwhile, we found a negative correlation between lumbar BMD and DBP both in male and female (p-non-linear < 0.001). However, the correlation between femoral neck BMD and SBP and DBP in both male and female was in the opposite direction as the correlation between lumbar BMD and SBP and DBP (p-non-linear < 0.050).


[image: Figure 2]
FIGURE 2
 The association between lumbar bone mineral density and systolic blood pressure.
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FIGURE 3
 The association between lumbar bone mineral density and diastolic blood pressure.
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FIGURE 4
 The association between femoral neck bone mineral density and systolic blood pressure.
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FIGURE 5
 The association between femoral neck bone mineral density and diastolic blood pressure.




The prevalence of normal, low bone mass, or osteoporosis

Table 4 presents a detailed list of the distribution of normal skeletal status, low bone mass, and osteoporosis. The prevalence rates of lumbar low bone mass (hypertension vs. control: 16.52% vs. 20.18%) and osteoporosis (hypertension vs. control: 1.57% vs. 4.20%) among for males were significantly lower in the hypertension group than in the control group (p = 0.004). There was no significant difference between hypertension and control groups for males in low bone mass and osteoporosis of the femoral neck. In females, there was no significant difference between the control group and the hypertension group regarding femoral neck and lumbar BMDs.


TABLE 4 Prevalence of normal, low bone mass, or osteoporosis in the at-risk population (male participants aged ≥50 years and postmenopausal females) between control and hypertension.
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Sensitivity analysis

After excluding the participants with taking antihypertensive drugs, people taking prednisone or cortisone, and people with thyroid problems, sensitivity analysis did not find substantial changes (Supplementary Tables 1–6).




Discussion

This was a descriptive study aiming to demonstrate the BMD status in hypertension among postmenopausal females and males older than 50 years. We found that lumbar BMD was higher in the hypertension group than in the control group, and there was a positive association between lumbar BMD and hypertension in males and females, but a similar pattern was not found for femoral neck BMD. In addition, lumbar BMD was positively associated with SBP and negatively correlated with DBP among males and females. Moreover, low bone mass and osteoporosis at the lumbar vertebrae were less prevalent in males with hypertension than in the control group. However, that difference was not observed among postmenopausal females.

It was difficult to explain why the BMD of the hypertension group was higher than that in the group without hypertension at the lumbar vertebrae in both males and females. The biological mechanisms underlying the high BMD in hypertensive patients are currently unclear, and one possible biological mechanism is the increased mechanical loading of the skeleton. Patients with hypertension tend to have higher body weight and increased muscle mass and have more developed skeletal muscle forces as the lumbar spine bears the weight of the body, which results in increased mechanical forces exerted on the bones. These forces may stimulate bone growth and mineralization, leading to increased BMD (24). Another biological mechanism that may contribute to high bone density in patients with hypertension is hormonal changes. Hypertension is associated with increased levels of various hormones, such as parathyroid hormone (25), which plays a key role in bone remodeling. Increased levels of parathyroid hormone stimulate bone formation, which leads to an increase in BMD (26, 27). Meanwhile, the hypertension group had a lower total proportion of low bone mass and osteoporosis than the control group, although this difference was not significant among females. In addition, the sample population had adequate power (in terms of the sample size and representativeness), meaning that the results were unlikely to have been caused by chance. More importantly, our results were supported by those of studies with similar research designs. Hanley et al. (14) conducted a cross-sectional study (the population-based Canadian Multicentre Osteoporosis Study) that included 5,566 females and 2,187 males 50 years of age or older, suggesting that hypertension was associated with higher BMD, and compared with those without hypertension, there were notable differences at the lumbar vertebrae in males (+0.028 g/cm2) and in females (+0.022 g/cm2). Woo et al. (15) found that lumbar BMD had a positive association with SBP in another cross-sectional study that involved analyzing 2,000 males and 2,000 females aged 65 years performed by the School of Public Health and Primary Care of the Chinese University of Hong Kong. A recent systematic review and meta-analysis found that essential hypertension cannot reduce the lumbar BMD in non-Asian populations (28). In addition, a longitudinal study that included 1,032 males and 1,701 females aged 50 years or older found that males with hypertension were associated with higher femoral neck BMD than those without hypertension (0.94 vs. 0.92 g/cm2, p = 0.02). That study supported our conclusion in that BMD in males with high blood pressure may be higher than in those without (29). However, our results conflict with those of several studies, such as an inverse association between hypertension and BMD in males (30–32).

The postmenopausal females showed more inconsistent results. Many researchers have found no difference between participants with hypertension and healthy participants based femoral neck or lumbar vertebrae BMD (11, 12, 33, 34). Lee et al. (34) found no correlation between hypertension and low BMD at either the lumbar vertebrae (L1–L4) or the femoral neck among elderly African American females (age ≥ 65 years) after adjusting for certain confounding factors. Furthermore, an inverse association was found between hypertension and BMD in different studies (35–37). There were some differences between these conclusions and those in our study.

Given that previous results differed to ours, we consider the following possibilities: firstly, in our study, participants with hypertension may have been more likely to pay attention to a healthy diet or deliberately look for a healthier lifestyle (38). Protein intake was a positive predictor of lumbar BMD after controlling for dietary sulfate content (39). In females, lycopene intake had a protective effect against a 4-year loss of lumbar BMD (40). Besides, lumbar vertebrae BMD of postmenopausal females was positively associated with Mediterranean diet score, which was assessed based on the intake of cereals, vegetables, fruits, meats, dairy products, fish, red wine, and olive oil (41). Secondly, the circadian system and sleeping may play important roles in bone resorption and formation (42). Fu et al. (43) found that shorter sleep time was closely related to low BMD, especially in females older than 45 years. Compared with those who slept for 7 h per night (reference), females who slept for < 5 h per night had lower BMD (mean decrease from 0.012 to 0.018 g/cm2) (44). The females who slept 5 h or less per night had a higher risk of low bone mass and osteoporosis at the lumbar vertebrae (odds ratio = 1.28, 95% confidence interval = 1.02–1.60). Thirdly, the age-related variations in BMD measurements may cause some differences. Notably, for middle-aged and elderly people, lower blood pressure does not mean better body health. Keeping blood pressure at a level that maintains body health may be the best choice. Finally, the size and representativeness of the sample may also cause bias in the results.

Nutrition, sleeping, BMD measurement methods, and sample size were external factors that explained the present study results, but the specific internal mechanism is not yet clear. It is worth noting that some researchers mentioned the role of ghrelin. Ghrelin not only regulated blood pressure but also had a beneficial effect on bone mass (45, 46). In postmenopausal females with hypertension, ghrelin may have a protective effect on bone mass via an antimetabolic mechanism of reduced bone resorption (13, 47). However, how ghrelin balances the relationship between hypertension and lumbar BMD, and whether there are other unknown factors involved in that relationship is not clear, and further mechanisms must be explored.

Our research has two major strengths, a major strength of this study is high-quality, nationally representative data from the NHANES about the United States population. Another strength is that our study may provide new ideas for the control of hypertension in middle-aged and elderly. For hypertension patients, blindly lowering blood pressure does not mean better body health. Keeping blood pressure at a level that maintains body health may be the best choice. Some limitations existed in our study. Firstly, it had a cross-sectional design, and so any argument of causation is weak, which may cause the real causal relationship to not be correctly evaluated. Secondly, there were still some unknown factors, although we adjusted for confounding factors that could affect the results as much as possible. The existence of unknown factors may cause deviations from the current results. Thirdly, we did not include data on total hip bone mineral density, which may have an impact on the results due to the possibility of differences in the association between hypertension and bone density at different bone density measurement locations. Besides, the mechanism underlying the relationship between BMD and hypertension was unclear, which may lead to insufficient evidence for our conclusions. Finally, our subjects were limited to males older than 50 years and postmenopausal females in the United States, which may restrict the ability to extrapolate the conclusions.



Conclusion

Lumbar BMD was higher in both males and females with hypertension than in those without. Meanwhile, there was a positive association between lumbar BMD and SBP, and a negative association between lumbar BMD and DBP in males and females. Additionally, the proportion of participants with lumbar osteoporosis and low bone mass was slightly but significantly lower in the group of males with hypertension than in the control group.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found at: https://www.cdc.gov/nchs/nhanes/index.htm.



Ethics statement

The studies involving human participants were reviewed and approved by National Center for Health Statistics (NCHS) Research Ethics Review Board. The patients/participants provided their written informed consent to participate in this study.



Author contributions

SL and JL designed and conducted the study, performed the data analysis, wrote the drafting manuscript, and performed the manuscript review. SL, LL, AF, TH, CC, NH, and LH performed the data acquisition. SL, LL, AF, TH, CC, NH, LH, and JL conducted the data interpretation. JL, SL, LL, AF, and TH revised the manuscript content. All authors approved the final version of the manuscript and approved the decision to submit the manuscript for publication.



Funding

This study was supported by Guangdong Provincial Key Laboratory of Traditional Chinese Medicine Informatization (2021B1212040007).



Acknowledgments

We thank all members in this study, including research participants, study and data managers who made the study possible.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1142155/full#supplementary-material



References

 1. Sun Z. Aging, arterial stiffness, and hypertension. Hypertension. (2015) 65:252–6. doi: 10.1161/HYPERTENSIONAHA.114.03617

 2. Häussler B, Gothe H, Göl D, Glaeske G, Pientka L, Felsenberg D. Epidemiology, treatment and costs of osteoporosis in Germany–the BoneEVA study. Osteoporos Int. (2007) 18:77–84. doi: 10.1007/s00198-006-0206-y

 3. Rashki Kemmak A, Rezapour A, Jahangiri R, Nikjoo S, Farabi H, Soleimanpour S. Economic burden of osteoporosis in the world: a systematic review. Med J Islam Repub Iran. (2020) 34:154. doi: 10.21203/rs.2.22372/v1

 4. Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A, Tosteson A. Incidence and economic burden of osteoporosis-related fractures in the United States, 2005-2025. J Bone Miner Res. (2007) 22:465–75. doi: 10.1359/jbmr.061113

 5. Roche JJ, Wenn RT, Sahota O, Moran CG. Effect of comorbidities and postoperative complications on mortality after hip fracture in elderly people: prospective observational cohort study. BMJ. (2005) 331:1374. doi: 10.1136/bmj.38643.663843.55

 6. Deng FY, Tan LJ, Shen H, Liu YJ, Liu YZ, Li J, et al. SNP rs6265 regulates protein phosphorylation and osteoblast differentiation and influences BMD in humans. J Bone Miner Res. (2013) 28:2498–507. doi: 10.1002/jbmr.1997

 7. Evenepoel P, Claes K, Meijers B, Laurent MR, Bammens B, Naesens M, et al. Bone mineral density, bone turnover markers, and incident fractures in de novo kidney transplant recipients. Kidney Int. (2019) 95:1461–70. doi: 10.1016/j.kint.2018.12.024

 8. Marshall D, Johnell O, Wedel H. Meta-analysis of how well measures of bone mineral density predict occurrence of osteoporotic fractures. BMJ. (1996) 312:1254–9. doi: 10.1136/bmj.312.7041.1254

 9. Tsuda K, Nishio I, Masuyama Y. Bone mineral density in women with essential hypertension. Am J Hypertens. (2001) 14:704–7. doi: 10.1016/S0895-7061(01)01303-6

 10. Hong AR, Kim JH, Lee JH, Kim SW, Shin CS. Metabolic characteristics of subjects with spine-femur bone mineral density discordances: the Korean National Health and Nutrition Examination Survey (KNHANES 2008-2011). J Bone Miner Metab. (2019) 37:835–43. doi: 10.1007/s00774-018-0980-6

 11. Mussolino ME, Gillum RF. Bone mineral density and hypertension prevalence in postmenopausal women: results from the Third National Health and Nutrition Examination Survey. Ann Epidemiol. (2006) 16:395–9. doi: 10.1016/j.annepidem.2005.06.051

 12. Kaplan S, Smith SR, Zuckerman IH. Blood pressure and bone mineral density in premenopausal and postmenopausal women. J Womens Health. (2010) 19:1209–15. doi: 10.1089/jwh.2009.1587

 13. Javed F, Khan SA, Ayers EW, Aziz EF, Akram MS, Nadkarni GN, et al. Association of hypertension and bone mineral density in an elderly African American female population. J Natl Med Assoc. (2012) 104:172–8. doi: 10.1016/S0027-9684(15)30140-1

 14. Hanley DA, Brown JP, Tenenhouse A, Olszynski WP, Ioannidis G, Berger C, et al. Associations among disease conditions, bone mineral density, and prevalent vertebral deformities in men and women 50 years of age and older: cross-sectional results from the Canadian Multicentre Osteoporosis Study. J Bone Miner Res. (2003) 18:784–90. doi: 10.1359/jbmr.2003.18.4.784

 15. Woo J, Kwok T, Leung J, Tang N. Dietary intake, blood pressure and osteoporosis. J Hum Hypertens. (2009) 23:451–5. doi: 10.1038/jhh.2008.156

 16. Wu WT, Li YJ, Feng AZ, Li L, Huang T, Xu AD, et al.. Data mining in clinical big data: the frequently used databases, steps, and methodological models. Mil Med Res. (2021) 8:44. doi: 10.1186/s40779-021-00338-z

 17. Shepherd JA, Blake GM. T-scores and Z-scores. J Clin Densitom. (2007) 10:349–50. doi: 10.1016/j.jocd.2007.08.006

 18. Kanis JA, McCloskey EV, Johansson H, Oden A, Melton LJ 3rd, Khaltaev N. A reference standard for the description of osteoporosis. Bone. (2008) 42:467–75. doi: 10.1016/j.bone.2007.11.001

 19. Looker AC, Wahner HW, Dunn WL, Calvo MS, Harris TB, Heyse SP Jr, et al. Updated data on proximal femur bone mineral levels of US adults. Osteoporos Int. (1998) 8:468–89. doi: 10.1007/s001980050093

 20. TJ K. Bone mineral density reference databases for American men and women. J Bone Miner Res. (1990) 5(Suppl1):S249. 

 21. WHO. Assessment of Fracture Risk and its Application to Screening for Postmenopausal Osteoporosis. Technical Report Series. Geneva, Switzerland: WHO (1994). 

 22. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, et al. Seventh report of the joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. Hypertension. (2003) 42:1206–52. doi: 10.1161/01.HYP.0000107251.49515.c2

 23. Odutayo A, Gill P, Shepherd S, Akingbade A, Hopewell S, Tennankore K, et al. Income disparities in absolute cardiovascular risk and cardiovascular risk factors in the United States, 1999-2014. JAMA Cardiol. (2017) 2:782–90. doi: 10.1001/jamacardio.2017.1658

 24. Hart NH, Nimphius S, Rantalainen T, Ireland A, Siafarikas A, Newton RU. Mechanical basis of bone strength: influence of bone material, bone structure and muscle action. J Musculoskelet Neuronal Interact. (2017) 17:114–39.

 25. Jorde R, Bonaa KH, Sundsfjord J. Population based study on serum ionised calcium, serum parathyroid hormone, and blood pressure. The Tromso study. Eur J Endocrinol. (1999) 141:350–7. doi: 10.1530/eje.0.1410350

 26. Sondergaard B, Madsen SH, Bay-Jensen A, Christensen T, Chrtiansen C, Schultz N, et al. Parathyroid hormone exposure to human articular osteoarthritic chondrocytes results in collagen and proteoglycan synthesis: may parathyroid hormone be a possible anabolic treatment opportunity for osteoarthritis? [Meeting Abstract] Bone. (2009) 44:S254. doi: 10.1016/j.bone.2009.03.430 

 27. Orth P, Cucchiarini M, Wagenpfeil S, Menger MD, Kohn DM, Madry H. Alterations of the subchondral bone induced by PTH 1-34 provoke early osteoarthritis in vivo [Meeting Abstract]. Osteoarthr Cartil. (2014) 22:S19–S19. doi: 10.1016/j.joca.2014.02.057

 28. Ye Z, Lu H, Liu P. Association between essential hypertension and bone mineral density: a systematic review and meta-analysis. Oncotarget. (2017) 8:68916–27. doi: 10.18632/oncotarget.20325

 29. Yang S, Nguyen ND, Center JR, Eisman JA, Nguyen TV. Association between hypertension and fragility fracture: a longitudinal study. Osteoporos Int. (2014) 25:97–103. doi: 10.1007/s00198-013-2457-8

 30. Jankowska EA, Susanne C, Rogucka E, Medras M. The inverse relationship between bone status and blood pressure among Polish men. Ann Hum Biol. (2002) 29:63–73. doi: 10.1080/03014460110058980

 31. Cappuccio FP, Meilahn E, Zmuda JM, Cauley JA. High blood pressure and bone-mineral loss in elderly white women: a prospective study. Study of Osteoporotic Fractures Research Group. Lancet. (1999) 354:971–5. doi: 10.1016/S0140-6736(99)01437-3

 32. Vestergaard P, Rejnmark L, Mosekilde L. Hypertension is a risk factor for fractures. Calcif Tissue Int. (2009) 84:103–11. doi: 10.1007/s00223-008-9198-2

 33. Pérez-Castrillón JL, Justo I, Silva J, Sanz A, Igea R, Escudero P, et al. Bone mass and bone modelling markers in hypertensive postmenopausal women. J Hum Hypertens. (2003) 17:107–10. doi: 10.1038/sj.jhh.1001520

 34. Lee HT, Shin J, Min SY, Lim YH, Kim KS, Kim SG, et al. The relationship between bone mineral density and blood pressure in the Korean elderly population: the Korea National Health and Nutrition Examination Survey, 2008-2011. Clin Exp Hypertens. (2015) 37:212–7. doi: 10.3109/10641963.2014.933971

 35. Cakmak HA, Cakmak BD, Yumru AE, Aslan S, Enhos A, Kalkan AK, et al. The relationships between blood pressure, blood glucose, and bone mineral density in postmenopausal Turkish women. Ther Clin Risk Manag. (2015) 11:1641–8. doi: 10.2147/TCRM.S95017

 36. Yazici S, Yazici M, Korkmaz U, Engin Erkan M, Erdem Baki A, Erden I, et al. Relationship between blood pressure levels and bone mineral density in postmenopausal Turkish women. Arch Med Sci. (2011) 7:264–70. doi: 10.5114/aoms.2011.22077

 37. Afghani A, Johnson CA. Resting blood pressure and bone mineral content are inversely related in overweight and obese Hispanic women. Am J Hypertens. (2006) 19:286–92. doi: 10.1016/j.amjhyper.2005.10.024

 38. Ho SC, Chan SG, Yip YB, Chan CS, Woo JL, Sham A. Change in bone mineral density and its determinants in pre- and perimenopausal Chinese women: the Hong Kong Perimenopausal Women Osteoporosis Study. Osteoporos Int. (2008) 19:1785–96. doi: 10.1007/s00198-008-0614-2

 39. Mangano KM, Walsh SJ, Kenny AM, Insogna KL, Kerstetter JE. Dietary acid load is associated with lower bone mineral density in men with low intake of dietary calcium. J Bone Miner Res. (2014) 29:500–6. doi: 10.1002/jbmr.2053

 40. Regu GM, Kim H, Kim YJ, Paek JE, Lee G, Chang N, et al. Association between dietary carotenoid intake and bone mineral density in Korean adults aged 30-75 years using data from the Fourth and Fifth Korean National Health and Nutrition Examination Surveys (2008-2011). Nutrients. (2017) 9:1025. doi: 10.3390/nu9091025

 41. Silva TRD, Martins CC, Ferreira LL, Spritzer PM. Mediterranean diet is associated with bone mineral density and muscle mass in postmenopausal women. Climacteric. (2019) 22:162–8. doi: 10.1080/13697137.2018.1529747

 42. Xu C, Ochi H, Fukuda T, Sato S, Sunamura S, Takarada T, et al. Circadian clock regulates bone resorption in mice. J Bone Miner Res. (2016) 31:1344–55. doi: 10.1002/jbmr.2803

 43. Fu X, Zhao X, Lu H, Jiang F, Ma X, Zhu S. Association between sleep duration and bone mineral density in Chinese women. Bone. (2011) 49:1062–6. doi: 10.1016/j.bone.2011.08.008

 44. Ochs-Balcom HM, Hovey KM, Andrews C, Cauley JA, Hale L, Li W, et al. Short sleep is associated with low bone mineral density and osteoporosis in the women's health initiative. J Bone Miner Res. (2020) 35:261–8. doi: 10.1002/jbmr.3879

 45. Sharma V, McNeill JH. The emerging roles of leptin and ghrelin in cardiovascular physiology and pathophysiology. Curr Vasc Pharmacol. (2005) 3:169–80. doi: 10.2174/1570161053586868

 46. Fukushima N, Hanada R, Teranishi H, Fukue Y, Tachibana T, Ishikawa H, et al. Ghrelin directly regulates bone formation. J Bone Miner Res. (2005) 20:790–8. doi: 10.1359/JBMR.041237

 47. Pérez-Castrillón JL, Justo I, Sanz A, San Miguel A, Mazón MA, Abad L, et al. Ghrelin and bone mass in postmenopausal hypertensive women. Ann Nutr Metab. (2007) 51:223–7. doi: 10.1159/000104141



OPS/images/fpubh-11-1142155-g005.gif





OPS/images/fpubh-11-1142155-t001.jpg
Control (n = 1,965) Hypertension

(n = 2,341)
Age (years) 57.33 4+ 0.30 63.44 £ 0.29 <0.001
Gender 0.687
Male 1,036 (48.12%) 1,172 (47.32%)
Female 929 (51.87%) 1,169 (52.68%)
Ethnicity or race <0.001
Mexican American 368 (5.57%) 353 (4.83%)
Other Hispanic 180 (3.25%) 179 (2.79%)
Non-Hispanic White 1,052 (78.96%) 1,183 (75.76%)
Non-Hispanic Black 293 (7.01%) 549 (11.84%)
Other race 72 (5.21%) 77 (4.78%)
Marital status 0.350
Live alone 1,279 (69.44%) 1,444 (67.77%)
Live with others 686 (30.56%) 897 (32.23%)
Family PIR <0.001
High 694 (49.99%) 611 (37.86%)
Medium 954 (41.08%) 1,377 (53.96%)
Low 317 (8.93%) 353 (8.18%)
Education <0.001
College or above 965 (59.58%) 984 (51.60%)
High school or equivalent 443 (24.87%) 574 (26.78%)
Less than high school 557 (15.56%) 783 (21.62%)
Smoking <0.001
Yes 481 (24.78%) 433 (17.44%)
No 1,484 (75.22%) 1,908 (82.56%)
BMI (kg/m?) 27.20+0.16 29.03+0.15 <0.001
Vigorous/moderate RPA 957 (56.53%) 1,009 (50.46%) 0.001
Serum calcium (mmol/L) 2.367 % 0.003 2.37 £ 0.004 0.015
Arthritis 649 (33.19%) 1,042 (43.18%) <0.001
Congestive heart disease 40 (1.64%) 152 (5.40%) <0.001
Coronary heart disease 82 (3.30%) 206 (8.62%) <0.001
Angina/angina pectoris 49 (2.00%) 138 (5.30%) <0.001
Heart attack 88 (3.89%) 217 (7.78%) <0.001
Stroke 47 (2.15%) 173 (6.19%) <0.001

Values with normal distribution were expressed as weighted mean and stand error (SE) and categorical variables were expressed as number and weighted proportion.
BMI, body mass index; PIR, poverty income ratio; RPA, recreational physical activity.
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Control N Any p-value

(%) hypertension
N (%)

Femur neck T-score

Total 0.294
Normal 1,150 (57.98%) 1,340 (57.08%)

Low bone mass 753 (38.22%) 880 (37.97%)

Osteoporosis 82(3.80%) 121 (4.94%)

Male 0943
Normal 704 (69.74%) 807 (69.65%)

Low bone mass 314 (28.84%) 343 (28.76%)

Osteoporosis 18 (1.42%) 22 (1.59%)

Female 0.330
Normal 446 (47.06%) 533 (45.80%)

Low bone mass 419 (46.92%) 537 (46.25%)

Osteoporosis 64 (6.01%) 99 (7.96%)

Lumbar spine T-score

Total 0.013
Normal 1,199 (62.11%) 1,546 (67.90%)

Low bone mass 612 (30.68%) 613 (25.99%)

Osteoporosis 154 (7.21%) 182 (6.11%)

Male 0.004
Normal 762 (75.62%) 945 (81.92%)

Low bone mass 233 (20.18%) 203 (16.52%)

Osteoporosis 41 (4.20%) 24 (1.57%)

Female 0.102
Normal 437 (49.58%) 601 (55.32%)

Low bone mass 379 (40.42%) 410 (34.50%)

Osteoporosis 113 (10.00%) 158 (10.18%)
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rol  Any hypertensi

Femur neck BMD (g/cm?)

Male

Model 1 0.809 £ 0.003 0.821 £ 0.005 0.063
Model 2 0.813 £ 0.004 0.817 £ 0.005 0.547
Model 3 0.812 £ 0.004 0.817 £ 0.005 0.455
Female

Model 1 0.738 £ 0.005 0.734 £ 0.005 0.458
Model 2 0.732 £ 0.005 0.741 £ 0.005 0.136
Model 3 0.731 £ 0.005 0.741 £ 0.005 0.094

Lumbar spine BMD (g/cm?)

Male

Model 1 1.038 £ 0.005 1.081 £ 0.005 <0.001
Model 2 1.048 £ 0.005 1.071 £ 0.006 0.003

Model 3 1.047 % 0.005 1.072 £ 0.005 0.001

Female

Model 1 0.943 % 0.007 0.961 % 0.005 0.043

Model 2 0.939 % 0.006 0.965 % 0.006 0.005

Model 3 0.938 £ 0.006 0.967 % 0.006 0.003

Values are the means = standard error by weighted general linear models.

Model 1: adjusted without any variables.

Model 2: adjusted for age, race/ethnicity, and BML

Model 3: adjusted for age, race/ethnicity, marriage, BMI, family PIR, education, recent
smoking status, physical activity, total calcium, arthritis, congestive heart failure, coronary
heart disease, angina/angina pectoris, heart attack, and stroke.
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95% ClI 95% ClI

Femur neck BMD g/cm?

Model 1 0.011 0,0023 0.063 —0.005 —0.018,0.009 0.458
Model 2 0.004 —0.010,0.018 0.547 0.009 —0.003, 0,022 0.136
Model 3 0.005 —0.008, 0.018 0.455 0.011 —0.002, 0,023 0.094
Lumbar spine BMD g/cm?

Model 1 0.043 0.030, 0.056 <0.001 0.018 0.001, 0.035 0.043
Model 2 0.023 0.008, 0.038 0.003 0.026 0.008, 0.043 0.005
Model 3 0.025 0.011,0.039 0.001 0.028 0.010, 0.046 0.003

Model 1: adjusted without any variables.
Model 2: adjusted for age, race/ethnicity, and BMI.

Model 3: adjusted for age, race/ethnicity, marriage, BMI, family PIR, education, recent smoking status, physical activity, total calcium, arthritis, congestive heart failure, coronary heart disease,
angina/angina pectoris, heart attack, and stroke.
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