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Objectives: The association between vitamin D and blood pressure in elderly patients with hypertension complicated by osteoporosis remains unclear. The objective of this study is to explore whether vitamin D deficiency contributes to elevated blood pressure in elderly individuals with both hypertension and osteoporosis.

Methods: This study represents a single-center retrospective observational investigation carried out at the Zhongshan Hospital Affiliated to Xiamen University. Ambulatory blood pressure, bone density, vitamin D levels, and additional laboratory parameters were collected upon admission. The association between vitamin D and ambulatory blood pressure outcomes was assessed using Spearman correlation tests and partial correlation analyses. The relationship between vitamin D and changes in blood pressure was analyzed through Generalized Additive Models, and threshold analysis was conducted to explore potential thresholds.

Results: 139 patients with newly diagnosed osteoporosis were consecutively included (mean age 73 years, 84.9% female). There is a negative correlation between 25-(OH) D3 and 24 h mean systolic blood pressure (mSBP), diurnal mSBP, nocturnal mSBP, maximum SBP, respectively. The results of the generalized additive model analysis show that there is a nonlinear relationship between 25-(OH) D3 and 24 h mSBP, diurnal mSBP, nocturnal mSBP, respectively. After determining the critical point of 25-(OH) D3 as 42 nmol/L, a segmented linear regression model was used to calculate the effect size and 95% confidence interval on both sides of the critical point. When 25-(OH) D3 is ≤42 nmol/L, it significantly negatively correlates with 24 h, diurnal, and nocturnal mean SBP. Conversely, when 25-(OH) D3 exceeds 42 nmol/L, there is no statistically significant association with 24 h, diurnal, or nocturnal mSBP.

Conclusion: There was a significant negative correlation between vitamin D levels and blood pressure levels in elderly patients with hypertension and osteoporosis.
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1 Introduction

Hypertension is a common chronic disease and has been recognized as the most prevalent risk factor for cardiovascular disease, renal failure and stroke (1). According to Global Burden of Diseases, Injuries, and Risk Factors Study, high systolic blood pressure is the leading risk factor for death in China, accounted for 2.54 million (95% UI 2.26 million to 2.82 million) deaths in 2017 (2). There are many factors associated with high blood pressure, such as age and gender (3). In recent years, studies have suggested that vitamin D deficiency contribute to the development of hypertension, which may because the vitamin D deficiency may increase activity of the RAAS (4, 5). In addition, some studies have found that vitamin D supplementation reduces blood pressure (6–8). Another study demonstrated that vitamin D supplementation may reduce blood pressure by suppress NO signaling through lowering serum TSP-1 levels (9). This suggests that vitamin D may be a potential treatment for hypertension.

Osteoporosis is a metabolic disease in the elderly, which can cause bone mass loss, bone structure deterioration, and then lead to increased bone fragility and even fracture. Vitamin D is a fat-soluble steroid that is involved in bone metabolism by regulating calcium and phosphorus metabolism to maintain blood calcium levels and promote bone development (10). There was an association between vitamin D with bone health (11). Studies have shown that vitamin D supplementation can reduce hip or non-vertebral fractures by 20 to 30% (12–14). Therefore, vitamin D is recommended for the prevention of osteoporosis and subsequent fractures.

Since vitamin D deficiency is associated with both hypertension and osteoporosis, what is the effect of vitamin D deficiency on blood pressure in patients with hypertension and osteoporosis, especially in the elderly, who are more susceptible to both conditions, and is vitamin D supplementation a potential treatment option.

At present, the relationship between vitamin D and blood pressure has not been clarified in elderly hypertensive patients with osteoporosis. The aim of this study was to investigate whether vitamin D deficiency leads to higher blood pressure in elderly hypertensive patients with osteoporosis.



2 Materials and methods


2.1 Study population

This study represents a single-center retrospective observational investigation carried out at the Geriatrics Department of Zhongshan Hospital Affiliated to Xiamen University. Over the period from October 2022 to August 2023, a cohort of 139 elderly patients with hypertension, newly diagnosed with osteoporosis, were included in the study.


2.1.1 Inclusion criteria and definitions

(1) Age ≥ 65 years; (2) Primary hypertension is diagnosed based on the criteria outlined in the Chinese Guidelines for the Prevention and Treatment of Hypertension. This involves excluding hypertension caused by other secondary factors and recording systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg on three or more separate occasions, or already taking antihypertensive medication. (3) Primary osteoporosis is diagnosed according to the definition provided in the Diagnosis and Treatment Guidelines for Primary Osteoporosis. It is characterized as a systemic bone disease featuring low bone mass and increased bone fragility, with exclusion of secondary factors. This study primarily concentrates on populations with postmenopausal osteoporosis and elderly osteoporosis.



2.1.2 Exclusion criteria

(1) Individuals who have taken or are currently taking any vitamin D or its derivatives preparations; (2) End-stage diseases, including heart failure (New York Heart Association class III-IV), severe renal dysfunction (CKD stage IV-V), severe hepatic dysfunction (Child C); (3) Malignant tumors, including hematological malignancies; and (4) Acute phases of diseases such as acute organ failure, stroke, trauma, etc.

This study was approved by the ethics committee of the Zhongshan Hospital Affiliated to Xiamen University, and the requirement for informed consent was waived. The investigation conformed to the principles outlined in the Declaration of Helsinki.




2.2 Measurement of indicators of interest

A non-invasive, portable, fully automatic monitoring device (DMS-ABP, DMS Company, Beijing) was employed for blood pressure measurements. The appropriately sized cuff was chosen based on the patient’s arm circumference and worn on the left arm. Blood pressure monitoring was conducted from 8 AM in the morning to 8 AM the following day, with measurements set at intervals of every 30 min during both day and night. Valid readings were defined as achieving 70% or more of the expected readings, with a minimum of 20 valid readings during the daytime and at least 7 valid readings during the nighttime.

The measurement of 25-(OH) D3 and other bone metabolism markers was conducted at the clinical testing center using an automated chemiluminescence immunoassay analyzer (ADVIA Centaurxp, Siemens, Germany). The results of 25-(OH) D3 testing are categorized as follows: levels below 50 nmol/L are deemed insufficient, those within the range of 50–75 nmol/L are considered deficient, and values exceeding 75 nmol/L are classified as sufficient.



2.3 Statistical analysis

The normality of data distribution was assessed employing the Kolmogorov–Smirnov test. Data conforming to a normal distribution were expressed as mean ± SD, while skewed datasets were described as median [25th percentile, 75th percentile]. Group comparisons for normally distributed data with homogeneity of variance were conducted using analysis of variance (ANOVA), with subsequent pairwise comparisons facilitated by the LSD method. In cases of normally distributed data with heterogeneous variance, Welch’s test was utilized for intergroup comparisons. For skewed datasets, the Kruskal-Wallis test was applied for intergroup comparisons. Spearman correlation tests and partial correlation analyses were employed to evaluate the association between 25-(OH) D3 and dynamic blood pressure results. The relationship between 25-(OH) D3 and blood pressure changes was analyzed using generalized additive models, followed by threshold analysis. Statistical significance was set at p < 0.05 (two-sided). Data analysis was performed using R language (R for win version 4.3.0, R Foundation for Statistical Computing, Vienna).




3 Results


3.1 Baseline characteristic

According to the previously set inclusion and exclusion criteria, 139 patients with newly diagnosed osteoporosis were consecutively included (mean age 73 years, 84.9% female). According to the 25-(OH) D3 test results, patients with ≤50 nmol/L were assigned to the deficiency group, patients with 50–75 nmol/L were assigned to the insufficient group, and patients with >75 nmol/L were assigned to the normal group. According to the difference test results between groups, there were significant differences in 24 h mSBP, diurnal mSBP, nocturnal mSBP, NBPDR DBP, maximum SBP and CRP among the three groups. Further pairwise comparison results showed that the 24 h mSBP, nocturnal mSBP, NBPDR DBP, maximum SBP and CRP of patients in the deficiency group were higher than those of patients in the normal group. Compared with the insufficient group, the nocturnal mSBP of patients in the normal group was higher. There was no significant difference in bone mineral density and bone metabolism indicators. The baseline characteristics are shown in Table 1.



TABLE 1 Baseline characteristics of subjects.
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3.2 Association between 25-(OH) D3 and blood pressure

Because the data did not meet the homogeneity of variance, Spearman correlation test was used to calculate the correlation between 25-(OH) D3 and ambulatory blood pressure monitoring results, and the results are shown in Table 2. There is a negative correlation between 24 h mSBP, diurnal mSBP, nocturnal mSBP, maximum SBP and 25-(OH) D3. The Spearman partial correlation after CRP correction also had similar results.



TABLE 2 Spearman correlation test between 25-(OH) D3 and blood pressure.
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3.3 Analysis of generalized additive model

The spearman correlation test found that 25-(OH) D3 was negatively correlated with ambulatory blood pressure, but the correlation was weak. Therefore, the generalized additive model (GAM) was further used to analyze whether there was a nonlinear relationship between 25-(OH) D3 and ambulatory blood pressure monitoring results. After using the GAM and fitting the smooth curve (after adjusting for CRP), we found that there was a nonlinear relationship between 25-(OH) D3 and 24 h mSBP, diurnal mSBP, nocturnal mSBP, respectively (Figure 1). However, maximum SBP and 25-(OH) D3 failed to establish a nonlinear relationship directly (likelihood test p = 0.06). For the model with nonlinear relationship, the data are fitted to the piecewise linear regression model to fit different slopes. We also use a typical linear regression model to fit the data and use the log likelihood ratio test to determine which model has the largest fitting. In this study, a recursive algorithm was used to determine the cutoff point of 25-(OH) D3 as 42 nmol/L, and then piecewise linear regression model was used to calculate the effect size (β) and 95% confidence intervals on both sides of the cutoff point. When 25-(OH) D3 ≤ 42 nmoL/L, 24 h mSBP decreased by 1.4 mmHg for every 1 unit increase in 25-(OH) D3 (β = −1.4, 95% CI: −1.7 ~ −1.1, p < 0.01, after adjusted CRP). However, when 25-(OH) D3 > 42 nmol/L, the relationship between 25-(OH) D3 and 24 h mSBP was not statistically significant. Similarly, non-linear relationships were found between 25-(OH) D3 and diurnal mSBP and nocturnal mSBP. On the left side of the cut-off point, for every 1 unit increase in 25-(OH) D3, the diurnal mSBP and nocturnal mSBP decreased by 1.4 mmHg (β = − 1.4, 95% CI: −1.7 ~ −1.2, p < 0.01, after adjusted CRP) and 1.1 mmHg (β = − 1.1, 95% CI: −1.5 ~ −0.82, p = 0.02, after adjusted CRP), respectively. Although the nonlinear model could not be established, there was still a certain correlation between 25-(OH) D3 and maximum SBP (β = −0.27 95% CI: −0.34 ~ −0.21 p = 0.01) (Table 3).

[image: Figure 1]

FIGURE 1
 The relationship between 25-(OH) D3 levels and blood pressure (generalized additive model fitting linear regression).




TABLE 3 The relationship between 25-(OH) D3 and blood pressure using a two-piecewise linear regression model.
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4 Discussion

Hypertension and osteoporosis are common chronic diseases in the aging people. At present, more and more studies have proved that there is an association between osteoporosis and hypertension (15, 16). Vitamin D plays an important role in calcium and phosphorus metabolism, which affects the occurrence of osteoporosis. Therefore, vitamin D deficiency can lead to osteoporosis. In addition, vitamin D deficiency has been found to be associated with hypertension. In this retrospective study, we sought to find the effect of vitamin D deficiency on blood pressure in elderly patients with both diseases. We enrolled 139 elderly hypertensive patients with osteoporosis and found that vitamin D deficiency was associated with higher 24 h mSBP, nocturnal mSBP, NBPDR DBP and maximum SBP. We first used spearman to analyze the correlation between blood pressure and vitamin D, and although the correlation between the two was confirmed, the correlation was weak. This suggests that there may be a nonlinear relationship between blood pressure and vitamin D. The generalized additive models were further used to investigated the relationship between Vitamin D and blood pressure and found a significant negative correlation between Vitamin D and 24 h mSBP, diurnal mSBP, nocturnal mSBP, maximum SBP. This suggests that vitamin D deficiency affects systolic blood pressure in such patients. To this end, we found that 42 nmol/L was the best cut-off point for Vitamin D level. On the left side of the cut-off point, 24 h mSBP, nocturnal mSBP and diurnal mSBP increased significantly as Vitamin D level decreased. This suggests that vitamin D supplementation may be beneficial in lowering blood pressure, especially systolic blood pressure, in elderly patients with osteoporosis when vitamin D levels are below 42 nmol/L.

Vitamin D is associated with cardiovascular health, including hypertension (17–19). Several studies have shown a correlation between vitamin D and hypertension. In the Third US National Health and Nutrition Examination Survey, there was a significant negative correlation between vitamin D and blood pressure, especially in older adults (20). Forman et al. found that plasma vitamin D levels were inversely and independently associated with the risk of developing hypertension (21). In a prospective study, Goel et al. demonstrated that vitamin D supplementation has a blood pressure-lowering effect in hypertensive patients and should be supplemented concomitantly with anti-hypertensive drugs. Sheikh et al. randomized 171 patients with hypertension to vitamin D supplementation or placebo and showed a significant blood-pressure-lowering effect of vitamin D supplementation in patients with hypertension and vitamin D deficiency (22). In another study, Dalbeni et al. investigated the effect of vitamin D supplementation in patients with heart failure and vitamin D deficiency and found that systolic blood pressure was significantly lower in those who received 4,000 units of vitamin D daily for 6 months compared with placebo group (23).

At present, the specific mechanism of vitamin D affecting blood pressure has not been fully elucidated, and there are several potential mechanisms. First, vitamin D may regulate blood pressure through the RAAS system. In animal experiments, lack of vitamin D receptor can increase renin and angiotensin II in mice (24). Second, vitamin D deficiency can cause hyperparathyroidism, and elevated parathormone can lead to elevated blood pressure (25). Third, vitamin D deficiency is associated with insulin resistance, which is thought to be associated with the development of hypertension (26, 27). In addition, it has been suggested that vitamin D deficiency may affect blood pressure by impairing endothelial cell function (28). On the contrary, it has also been suggested that vitamin D may be used as a marker of sunlight to reflect the effect of sunlight on blood pressure because sunlight can release NO stored in the human skin and affect blood pressure (18, 29).

Osteoporosis is also a common disease in the elderly. Similarly, vitamin D deficiency plays an important role in osteoporosis (30). Vitamin D is related to calcium and phosphorus metabolism. Vitamin D supplementation is an important means to treat osteoporosis and prevent fractures in patients with osteoporosis (31, 32).

Hypertension and osteoporosis are common diseases in the elderly, and have been confirmed to be related to vitamin D. The relationship between vitamin D and blood pressure in hypertensive patients with osteoporosis has not been studied yet. We explored this and found that vitamin D deficiency showed a non-linear and negative relationship with blood pressure in such patients, especially systolic blood pressure. When below 42 mmol/L, blood pressure increased significantly with the decrease of vitamin D, while above 42 mmol/L, there was no significant change. This suggests that vitamin D supplementation and regular testing are warranted in such patients.



5 Limitation

There were a few limitations and potential biases in this trial as follows. First patients were enrolled in the study from a single-center study. This issue may raise the possibility of selection bias. Second, this is a retrospective study, although the relationship between vitamin D and blood pressure in osteoporosis patients has been found, the effect of vitamin D supplementation on blood pressure in such patients has not been further studied, and further prospective studies are needed to confirm this. Third, because of the differences in vitamin D levels among different populations, in countries such as India, Pakistan, and Afghanistan, the majority of the population has Fitzpatrick skin type V or VI, which leads to less efficient conversion of vitamin D from ultraviolet radiation, resulting in lower vitamin D levels than light-skinned people (33). The effect of vitamin D on blood pressure needs to be further confirmed by large multi-ethnic studies in the future.
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