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Abstract. 
Introduction. Vitamin D deficiency is associated with the onset and progression of hypertension and cardiovascular disease (CVD). However, mechanisms underlying vitamin D deficiency-mediated increased risk of CVD remain unknown. We sought to examine the differential effect of high-dose versus low-dose vitamin D supplementation on markers of arterial stiffness among ~40 vitamin D deficient adults with prehypertension. Methods. Participants were randomized to high-dose (4000 IU/d) versus low-dose (400 IU/d) oral vitamin D3 for 6 months. 24 hr ambulatory blood pressure (BP), carotid-femoral pulse wave velocity, and pulse wave analyses were obtained at baseline and after 6 months of vitamin D supplementation. Results. There were no changes in resting BP or pulse wave velocity over 6 mo regardless of vitamin D dose (all ). High-dose vitamin D decreased augmentation index and pressure by 12.3 ± 5.3% () and 4.0 ± 1.5 mmHg (), respectively. However, these decreases in arterial stiffness were not associated with increases in serum 25-hydroxyvitamin D over 6 mo (). Conclusion. High-dose vitamin D supplementation appears to lower surrogate measures of arterial stiffness but not indices of central pulse wave velocity. Clinical Trial Registration. This trial is registered with www.clinicaltrials.gov (Unique Identifier: NCT01240512).



1. Introduction
Vitamin D deficiency is a major public health problem, affecting 33–58% of the US population [1, 2]. Low vitamin D status is associated with a myriad of negative health outcomes including poor musculoskeletal health [3, 4], cognitive decline [5], and cancer progression and mortality [6]. Of most recent interest is the association between vitamin D deficiency and major cardiovascular disease (CVD) risk factors, including hypertension [4, 7–9]. Indeed a meta-analysis of observational studies has shown that decreases in vitamin D by 16 ng/dL confer a 16% greater risk for hypertension [10]. Mechanisms underlying vitamin D deficiency-mediated increased risk of hypertension are not clear but may be related to arterial stiffness, a well-documented independent predictor of incident hypertension [11], CVD related events [12], and all-cause mortality [13, 14]. Interestingly, vitamin D receptors are expressed throughout the cardiovascular system, including endothelium and vascular smooth muscle cells [15, 16]. Therefore, it is possible that underlying changes in arterial stiffness may partially explain the reported associations among vitamin D status, blood pressure (BP), and CVD risk.
To date, though, clinical trials investigating the relationship between Vitamin D supplementation, BP, and/or arterial stiffness have been equivocal. For example, some trials have reported systolic BP (SBP) reductions ranging from ~5 to 13 mmHg [17–19], while others have shown no significant effect [20, 21]. These inconsistencies could be attributable to heterogeneity in vitamin D dosage, initial BP status, BP assessment, and study duration and quality. Similarly, the few trials looking at vitamin D, BP, and arterial stiffness have also been inconclusive, showing either a beneficial effect or lack of effect. Since such studies to date have been conducted in individuals on antihypertensive therapy and without vitamin D deficiency, the clinical interpretation of these results is questionable as the beneficial effects of vitamin D on cardiovascular outcomes may be observed independently or in combination with alterations to BP [19].
Therefore, the purpose of the current analysis was to examine the influence of high-dose and/or low-dose vitamin D supplementation on BP as well as indices of arterial stiffness. We hypothesized that normalization of vitamin D as a result of supplementation would yield significant reductions in arterial stiffness in a dose response manner.


2. Methods
The present study is part of a larger clinical trial, “Vitamin D Therapy in Individuals with Prehypertension or Hypertension: The DAYLIGHT Trial,” of which the methods have previously been published in detail (NCT01240512) [21]. DAYLIGHT is the largest prospective, double-blind, randomized, and controlled trial study designed to examine the influence of vitamin D on BP [21]. Briefly, 534 individuals ( yr) with untreated, elevated BP ( mmHg) and vitamin D deficiency ( ng/mL) were randomized to 6 months of low-dose (400 IU/d) or high-dose (4000 IU/d) vitamin D. The primary endpoint of DAYLIGHT was 24 hr BP, the gold standard of BP assessment [22]. Body Mass Index (BMI), season, sunlight exposure, alcohol intake, and smoking status were also collected as they may influence the effect of vitamin D on vascular function and BP changes from baseline. Participants were recruited at four sites: Massachusetts General Hospital, Boston, MA; Cultural Wellness Center, Minneapolis, MN; Abbott Northwestern Hospital, Minneapolis, MN; and Hartford Hospital, Hartford, CT. Of the four sites, Hartford Hospital was the only site to assess arterial stiffness before and after 6 mo of vitamin D supplementation as a secondary endpoint. The resultant substudy was performed in 41 individuals with similar characteristics to the main clinical trial (Table 1).
Table 1: Mean baseline characteristics (±SEM) of participants randomized to high-dose versus low-dose vitamin D ( = 41).
	

	Variable 	Low-dose 
( = 22) 	High-dose 
( = 19)
	

	Age (years)	34.8 ± 12.8	40.4 ± 7.5
	Male (%)	48	52
	Body Mass Index (kg/m2)	30.5 ± 5.8	32.1 ± 8.7
	Serum 25-hydroxyvitamin D (ng/mL)	16.5 ± 6.8	15.1 ± 5.7
	Clinic SBP (mmHg)	127.8 ± 5.1	123.7 ± 4.6
	Clinic DPB (mmHg)	78.6 ± 1.9	76.9 ± 3.1
	Clinic heart rate (bpm)	79.3 ± 2.5	76.7 ± 3.1
	24 hr mean ambulatory SBP (mmHg)	125.8 ± 9.9	126.1 ± 9.4
	24 hr mean ambulatory DBP (mmHg)	77.5 ± 8.7	78.2 ± 8.0
	Daytime ambulatory SBP (mmHg)	128.0 ± 10.4	128.3 ± 8.8
	Daytime ambulatory DBP (mmHg)	79.6 ± 8.9	80.5 ± 7.7
	Nighttime ambulatory SBP (mmHg)	114.4 ± 10.9	118.5 ± 13.2
	Nighttime ambulatory DBP (mmHg)	70.0 ± 10.2	70.0 ± 11.0
	Season of enrollment (%)	 	 
	    Winter	48	47
	    Spring 	23	21
	    Summer	16	21
	    Fall	13	11
	


SBP, systolic blood pressure; DBP, diastolic blood pressure; ; high-dose versus low-dose.


2.1. Inclusion and Exclusion Criteria
The main study enrolled individuals (18 to 50 yr) with clinic SBP >120 mmHg and 25-hydroxyvitamin D level ≤25 ng/mL at the screening visit. Individuals were excluded if SBP was greater than 160 mmHg and/or if DBP exceeded 99 mmHg. Individuals were also excluded if they had used any antihypertensive medication or vitamin D supplementation (>400 IU/d) in the past 3 mo or had any known CVD.
2.2. Vitamin D Supplementation
Participants were randomly assigned to once-daily doses of either 400 IU/d or 4000 IU/d oral vitamin D (cholecalciferol; Ddrops Co., Woodbridge, ON, Canada).
2.3. Blood Pressure Assessment
Clinic BP was assessed at the screening visit and at each office visit using a validated digital BP monitor (HEM-907X, Omron Healthcare, Inc., Bannockburn, IL) and according to standards set by the American Heart Association (AHA) [23]. 24 hr ambulatory BP was assessed at baseline and after 6 months (Spacelabs Healthcare, Issaquah, WA) with an appropriately sized cuff. Changes in clinic BP, mean 24 hr BP, and daytime and nighttime ambulatory BP were collected to explore the relation of vitamin D status to change in clinic and 24 hr BP.
2.4. Arterial Stiffness Assessment
Measurement of arterial stiffness parameters occurred following a 10 min supine rest period using the SphygmoCor CPV Central Blood Pressure/Pulse Wave Velocity System (Sydney, Australia). Pulse waveforms of the left carotid and left femoral artery were recorded sequentially by applanation tonometry to determine central pulse wave velocity (PWV). Pulse waveforms obtained over a 10 sec period at the left radial artery were used to determine indices of pulse wave analyses (PWA), subendocardial viability ratio (SEVR), augmentation pressure (AP), and augmentation index (AIx). Measures of PWV and PWA were performed at baseline and after 6 months of vitamin D supplementation.
2.5. Statistical Analysis
Differences in baseline characteristics between low-dose and high-dose vitamin D groups were assessed with a one-way analysis of variance (ANOVA). Two-way repeated measures ANOVA was used to determine differences due to vitamin D supplementation, time, and their interaction for arterial stiffness measures and BP. Linear regression was performed to examine the contribution of baseline values predicted changes in arterial stiffness, controlling for age and sex. Data are reported as mean ± standard error of the mean (SEM). All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) 19.0 program for Windows (SPSS Inc., Chicago, IL) with  considered as statistically significant.
3. Results
Baseline subject characteristics for the total sample () are described in Table 1. Baseline parameters did not differ between groups with the exception that subjects in the high-dose group were slightly older than subjects in the low-dose group (Table 1; ). Changes in safety laboratory measures (i.e., plasma calcium, creatinine, phosphorus, and transaminase) did not differ between the high-dose and low-dose vitamin D arms at 6 months.
3.1. Vitamin D Supplementation
Mean 25-hydroxyvitamin D levels at baseline did not differ between groups (mean,  ng/mL; ), with 93% of the study sample <20 ng/mL, thus meeting the criteria for vitamin D deficiency [24]. Over the course of 6 months, subjects receiving low-dose (400 IU) versus high-dose vitamin D supplementation (4,000 IU) increased 25-hydroxyvitamin D by  ng/mL and  ng/mL, respectively (Figure 1; ). At the end of the study, the proportions of individuals with 25-hydroxyvitamin D <20 ng/mL were 63% and 25% in the low-dose and high-dose groups, respectively.




	
	
		
		
		
		
		
		
		
			
		
			
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
		
		
			
				
		
		
			
				
		
		
			
	


Figure 1: Serum 25-hydroxyvitamin D levels (±SD) before and after 6 months of high-dose versus low-dose supplementation.


3.2. Vitamin D Supplementation and Blood Pressure
Baseline 25-hydroxyvitamin D was negatively correlated with baseline mean 24 hr SBP () and 24 hr DBP ). Mean 24 hr SBP at baseline did not differ between groups (Figure 2). Similarly, mean 24 hr DBP at baseline did not differ between groups (Figure 2). Over the course of 6 months, there was no change in mean 24 hr BP after low-dose or high-dose vitamin D supplementation (Figure 2; ), consistent with the published findings from the main study [21]. Similarly, over the course of 6 months, there were no changes in clinic BP, daytime ambulatory BP, or nighttime ambulatory BP ().




	
	
		
		
		
		
		
		
			
		
			
		
			
		
		
		
		
		
			
		
			
		
			
		
			
		
		
		
		
		
			
		
			
		
			
		
			
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
			
		
		
		
		
		
			
		
		
		
		
		
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		


Figure 2: 24 hr mean ambulatory blood pressure before and after 6 months of high-dose versus low-dose supplementation.


3.3. Indices of Arterial Stiffness
Baseline 25-hydroxyvitamin D was negatively associated with AP, aortic SP, and aortic PP and tended to be associated with PWV (Table 2) (). Among the high-dose group, AIx decreased by % (), whereas there were no similar improvements in AIx among individuals in the low-dose group (). However, when AIx was heart rate adjusted (75 bpm; AIx-75), there was no significant effect among individuals in the high-dose and low-dose groups (ps > 0.177). Among individuals in the high-dose group, AP decreased by  mmHg (Figure 3; ), whereas there were no similar improvements in AP among individuals in the low-dose group (). Decreases in AIx and AP were not correlated with any BP parameter (i.e., clinic or mean 24 hr), even among individuals in the high-dose group (). Increases in serum 25-hydroxyvitamin D were not associated with reductions in AIx or AP at 6 months (). At 6 months, there were no changes from baseline in any of the indices obtained from PWA (i.e., SEVR, aortic SBP, DBP, and MAP) in individuals within the entire sample, high-dose or groups ().
Table 2: Relationship between baseline vitamin D and baseline indices of arterial stiffness.
	

	 	Partial 	
	

	Heart rate (bpm)	.159	
                  0.370
	Ejection duration (%)	.288	0.099
	Augmentation pressure (mmHg)	−.340	0.049
	Subendocardial viability ratio (%)	−.013	0.942
	Aortic systolic pressure (mmHg)	−.494	0.003
	Aortic diastolic pressure (mmHg)	−.092	0.605
	Aortic mean arterial pressure (mmHg)	−.300	0.084
	Aortic pulse pressure (mmHg)	−.575	0.000
	Pulse wave velocity (m/s)	−.350	0.120
	Augmentation index (%)	−.128	0.445
	Augmentation index @HR75 (%)	−.084	0.622
	







	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
		
		
		
		
		
		
		
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
			
				
		
		
			
				
		
	


Figure 3: Augmentation pressure (±SD) before and after 6 months of high-dose vitamin D supplementation.


4. Discussion
The purpose of the present study was to determine the influence of high-dose and low-dose vitamin D supplementation on markers of arterial stiffness and mean 24 hr BP. Among the total sample, there were no significant differences in mean 24 hr BP over 6 months regardless of vitamin D group. However, high-dose vitamin D (4,000 IU/d) significantly lowered AIx and AP over 6 months of supplementation, with no similar improvements observed in the low-dose group. These results suggest that the pleiotropic, beneficial effect of vitamin D on markers of arterial stiffness may be dose-dependent and that previous inconsistencies in the literature regarding vitamin D and CVD outcomes may be attributable in part to a differential treatment effect of vitamin D dosage. Most notably, these data refute the hypothesis that arterial stiffness moderates BP in individuals with hypertension and vitamin D deficiency as reductions in arterial stiffness were observed independently of any significant reductions in BP.
Observational studies have previously shown a negative correlation between vitamin D deficiency and indices of arterial stiffness (i.e., AIx, SEVR, and PWV) [25, 26]. However, few interventional studies have been designed to concurrently investigate the influence of vitamin D supplementation on arterial stiffness and BP. Our findings are in agreement with Al Mheid et al. who observed similar improvements in arterial stiffness and endothelial function after normalization of vitamin D (≥30 ng/dL) in 42 vitamin D deficient (<30 ng/dL) healthy adults, with corresponding pressure changes (mean arterial pressure, MAP: − mmHg) [27]. McGreevy et al. also observed significant reductions in median PWV and AIx 8 weeks after a single intramuscular injection of 100,000 IU vitamin D in older adults with vitamin D deficiency (<20 ng/mL), with a corresponding increase in SBP [28]. Conversely, Ryu et al. investigated the influence of 2,000 IU/d versus placebo in 45 patients with type II diabetes mellitus and vitamin D deficiency (<20 ng/mL) and found no influence of vitamin D supplementation on arterial stiffness or BP over 24 weeks [29]. Inconsistencies in the existing interventional literature designed to investigate vitamin D supplementation on arterial stiffness are likely due to the inclusion of patients with comorbidities [29] and the use of concomitant medications known to affect arterial stiffness and BP (i.e., antihypertensive therapy) [28, 29] as well as variable doses and duration of vitamin D supplementation [27]. The present study observed beneficial decreases in AIx and AP after 6 months of high-dose vitamin D supplementation. However, these decreases occurred without paralleled reductions in BP, suggesting that hypertension in the presence of vitamin D deficiency is not likely not moderated by arterial stiffening.
The mechanisms by which vitamin D supplementation may reduce certain indices of arterial stiffness likely involve the Renin-Angiotensin-Aldosterone System (RAAS) [30, 31]. Activation of RAS pathways and subsequent increases in vasoconstrictor angiotensin II (Ang II) increase arterial stiffness and vascular tone [26, 32, 33]. Vitamin D receptor knock-out mice experience a marked increase in renin expression, plasma Ang II production, and hypertension [33], while, in adequate levels, 25-hydroxyvitamin D inhibits macrophage stimulation [34] and suppresses endothelin-induced vascular smooth muscle cell proliferation [35], both of which modulate endothelial cell function and arterial stiffness.
In the present study, high-dose, but not low-dose, vitamin D supplementation lowered select indices of arterial stiffness but without paralleled reductions in BP over the course of 6 months. These results indicate that arterial stiffening does not appear to directly moderate or influence the relationship between hypertension and vitamin D deficiency. This is perhaps attributable to the fact that hypertension is a multifaceted pathology, as significant improvements in arterial stiffness after high-dose vitamin D supplementation did not appear to even partially mitigate elevated BP. Of note, vitamin D supplementation improved some (i.e., AP and AIx) but not all indices of arterial stiffness. It is unclear why certain indices may respond to vitamin D therapy while others would not. McEniery et al. have reported markers such as AIx to more favorably respond to treatment interventions in individuals <50 yr of age, while individuals >50 yr of age experience reductions in PWV [36]. Resultantly, it has been suggested that, in individuals <50 yr of age, such as the present study (mean age:  yr), AIx should be a more relevant marker of arterial stiffness, thus making our findings more clinically intriguing [36]. Nevertheless, it appears as if high levels of vitamin D supplementation (i.e., 6x higher than the Recommended Dietary Allowance) may modulate certain pathways involved in systemic arterial stiffening and warrant further investigation [24].
There are several limitations to the present substudy. First, the present study consists of a post hoc analysis of the larger DAYLIGHT trial [21] and thus was not originally powered to examine arterial stiffness as a major outcome. Second, we lacked key measurements of biomarkers that could possibly explain our findings (i.e., Ang II and renin); therefore, the proposed mechanisms are purely speculative. Furthermore, it is possible that the study definition of vitamin D deficiency (≤25 ng/nL) was too high to discern a noticeable effect of vitamin D supplementation on changes in BP or arterial stiffness. However, the overall sample baseline serum 25-dehydroxyvitamin D average was quite low ( ng/mL), with 93% of the study sample being <20 ng/mL. Even among individuals with large increases in 25-hydroxyvitamin D during supplementation, there was no discernible dose response trend towards lower BP or arterial stiffness. Lastly, decreases in certain indices of arterial stiffness were not related to increases in serum 25-dehydroxyvitamin D levels; thus it is possible that any favorable reductions in arterial stiffness were not related to normalization of vitamin D. However, the lack of correlation is not strong enough to rule out this potential mechanism as measured serum 25-dehydroxyvitamin D levels may not fully explain any observable actions of vitamin D downstream or on a cellular level.
Despite few limitations, the present study possesses several noteworthy strengths. Prior studies examining supplementation with vitamin D used various doses and types and with less rigorous assessments of CVD parameters. We reduced variability in the arterial stiffness and BP response by examining the effect of two daily doses of vitamin D (400 IU/d versus 4,000 IU/d) for 6 months with very stringent assessments. Arterial stiffness assessments were performed by the same researcher to reduce intertester variability. BP assessments were performed according to AHA guidelines in the clinic setting as well as under conditions of daily living using the gold standard for BP assessment (i.e., 24 hr ABPM), again by the same researcher. Finally, to the best of our knowledge, the present study is the largest, randomized, and controlled trial to investigate the influence of high-dose versus low-dose vitamin D supplementation on arterial stiffness in vitamin D deficient individuals with elevated but untreated BP. Thus, our findings can be confidently generalizable as our population is representative of similar cohorts who may be prescribed vitamin D therapy but who may not necessarily qualify for antihypertensive therapy according to most recent guidelines [37].
Our findings are supportive of a potential cardiovascular health benefit of high-dose vitamin D supplementation on arterial stiffness. However, reductions in arterial stiffness did not result in positive, corresponding reductions of BP suggesting that changes in arterial stiffness with vitamin D supplementation do not appear to moderate or influence BP in this cohort. Further investigation is needed with a randomized controlled trial intentionally designed to determine the influence of vitamin D supplementation on arterial stiffness among men and women with hypertension to confirm the effects we have observed. The effectiveness of vitamin D supplementation as a monopharmacological or polypharmacological intervention to reduce BP, arterial stiffness, and/or CVD risk is clinically intriguing as it is cost effective and well tolerated and may prove to benefit other conditions.
Conflict of Interests
Dr. Thomas Wang receives research support and consultant feeds from DiaSorin Inc. Dr. Paul D. Thompson is also a consultant for Astra Zenica International, Merck  & Company, Inc., The Schering-Plough Corporation, Roche, Esperion, Lupin Pharmaceuticals, Pfizer, Inc., and Genomas and is a member of the speaker’s bureau for Merck  & Company, Inc., Pfizer, Inc., Abbott Labs, Astra Zenica International, and Glaxo Smith Kline. Dr. Beth Taylor received an honorarium from Amgen Pharmaceutical for consultation services for the statin safety monitoring board. All other authors have no conflict of interests.
Acknowledgments
The study was funded by an investigator-initiated grant from DiaSorin Inc. Additional assay support was provided by LabCorp Inc. DiaSorin Inc. was not involved in the design or conduct of the study, the collection, management, analysis, and interpretation of the data, or the preparation of the paper for publication.
References
	A. Hossein-Nezhad and M. F. Holick, “Vitamin D for health: a global perspective,” Mayo Clinic Proceedings, vol. 88, no. 7, pp. 720–755, 2013.
	X. Deng, Y. Song, J. E. Manson et al., “Magnesium, vitamin D status and mortality: Results from US National Health and Nutrition Examination Survey (NHANES) 2001 to 2006 and NHANES III,” BMC Medicine, vol. 11, article 187, 2013.
	M. F. Holick, “Vitamin D deficiency,” The New England Journal of Medicine, vol. 357, no. 3, pp. 266–281, 2007.
	J.-C. Souberbielle, J.-J. Body, J. M. Lappe et al., “Vitamin D and musculoskeletal health, cardiovascular disease, autoimmunity and cancer: recommendations for clinical practice,” Autoimmunity Reviews, vol. 9, no. 11, pp. 709–715, 2010.
	J. van der Schaft, H. L. Koek, E. Dijkstra, H. J. J. Verhaar, Y. T. van der Schouw, and M. H. Emmelot-Vonk, “The association between vitamin D and cognition: a systematic review,” Ageing Research Reviews, vol. 12, no. 4, pp. 1013–1023, 2013.
	D. M. Freedman, A. C. Looker, S.-C. Chang, and B. I. Graubard, “Prospective study of serum vitamin D and cancer mortality in the United States,” Journal of the National Cancer Institute, vol. 99, no. 21, pp. 1594–1602, 2007.
	S. R. Motiwala and T. J. Wang, “Vitamin D and cardiovascular risk,” Current Hypertension Reports, vol. 14, no. 3, pp. 209–218, 2012.
	H. H. Swales and T. J. Wang, “Vitamin D and cardiovascular disease risk: emerging evidence,” Current Opinion in Cardiology, vol. 25, no. 5, pp. 513–517, 2010.
	K. S. Vimaleswaran, A. Cavadino, D. J. Berry et al., “Association of vitamin D status with arterial blood pressure and hypertension risk: a mendelian randomisation study,” The Lancet Diabetes & Endocrinology, vol. 2, no. 9, pp. 719–729, 2014.
	A. Burgaz, N. Orsini, S. C. Larsson, and A. Wolk, “Blood 25-hydroxyvitamin D concentration and hypertension: a meta-analysis,” Journal of Hypertension, vol. 29, no. 4, pp. 636–645, 2011.
	B. M. Kaess, J. Rong, M. G. Larson et al., “Aortic stiffness, blood pressure progression, and incident hypertension,” The Journal of the American Medical Association, vol. 308, no. 9, pp. 875–881, 2012.
	M. J. Roman, R. B. Devereux, J. R. Kizer et al., “High central pulse pressure is independently associated with adverse cardiovascular outcome the strong heart study,” Journal of the American College of Cardiology, vol. 54, no. 18, pp. 1730–1734, 2009.
	K. Cruickshank, L. Riste, S. G. Anderson, J. S. Wright, G. Dunn, and R. G. Gosling, “Aortic pulse-wave velocity and its relationship to mortality in diabetes and glucose intolerance: an integrated index of vascular function?” Circulation, vol. 106, no. 16, pp. 2085–2090, 2002.
	G. M. London, J. Blacher, B. Pannier, A. P. Guérin, S. J. Marchais, and M. E. Safar, “Arterial wave reflections and survival in end-stage renal failure,” Hypertension, vol. 38, no. 3, pp. 434–438, 2001.
	W. Ni, S. W. Watts, M. Ng, S. Chen, D. J. Glenn, and D. G. Gardner, “Elimination of vitamin D receptor in vascular endothelial cells alters vascular function,” Hypertension, vol. 64, no. 6, pp. 1290–1298, 2014.
	E. Schulz, “Is at least one vitamin helping our vasculature? Evidence for an important role of the endothelial vitamin d receptor in regulating endothelial function and blood pressure,” Hypertension, vol. 64, no. 6, pp. 1187–1188, 2014.
	M. Pfeifer, B. Begerow, H. W. Minne, D. Nachtigall, and C. Hansen, “Effects of a short-term vitamin D3 and calcium supplementation on blood pressure and parathyroid hormone levels in elderly women,” Journal of Clinical Endocrinology and Metabolism, vol. 86, no. 4, pp. 1633–1637, 2001.
	H. Mozaffari-Khosravi, S. Loloei, M.-R. Mirjalili, and K. Barzegar, “The effect of vitamin D supplementation on blood pressure in patients with elevated blood pressure and vitamin D deficiency:  a randomized, double-blind, placebo-controlled trial,” Blood Pressure Monitoring, 2014.
	T. Larsen, F. H. Mose, J. N. Bech, A. B. Hansen, and E. B. Pedersen, “Effect of cholecalciferol supplementation during winter months in patients with hypertension: a randomized, placebo-controlled trial,” American Journal of Hypertension, vol. 25, no. 11, pp. 1215–1222, 2012.
	M. D. Witham, R. J. G. Price, A. D. Struthers et al., “Cholecalciferol treatment to reduce blood pressure in older patients with isolated systolic hypertension the VitDISH randomized controlled trial,” JAMA Internal Medicine, vol. 173, no. 18, pp. 1672–1679, 2013.
	P. Arora, Y. Song, J. Dusek et al., “Vitamin D therapy in individuals with pre-hypertension or hypertension: the DAYLIGHT trial,” Circulation, vol. 131, pp. 254–262, 2015.
	R. C. Hermida, M. H. Smolensky, D. E. Ayala et al., “2013 Ambulatory blood pressure monitoring recommendations for the diagnosis of adult hypertension, assessment of cardiovascular and other hypertension-associated risk, and attainment of therapeutic goals (summary). Joint recommendations from the International Society for Chronobiology (ISC), American Association of Medical Chronobiology and Chronotherapeutics (AAMCC), Spanish Society of Applied Chronobiology, Chronotherapy, and Vascular Risk (SECAC), Spanish Society of Atherosclerosis (SEA), and Romanian Society of Internal Medicine (RSIM),” Clínica e Investigación en Arteriosclerosis, vol. 25, no. 2, pp. 74–82, 2013.
	T. G. Pickering, J. E. Hall, L. J. Appel et al., “Recommendations for blood pressure measurement in humans: an AHA scientific statement from the Council on High Blood Pressure Research Professional and Public Education Subcommittee,” Journal of Clinical Hypertension, vol. 7, no. 2, pp. 102–109, 2005.
	 Institute of Medicine (US), Committee to Review Dietary Reference Intakes for Vitamin D and Calcium, 2011.
	M. Pirro, M. R. Manfredelli, R. S. Helou et al., “Association of parathyroid hormone and 25-OH-vitamin d levels with arterial stiffness in postmenopausal women with vitamin D insufficiency,” Journal of Atherosclerosis and Thrombosis, vol. 19, no. 10, pp. 924–931, 2012.
	I. Al Mheid, R. S. Patel, V. Tangpricha, and A. A. Quyyumi, “Vitamin D and cardiovascular disease: is the evidence solid?” European Heart Journal, vol. 34, no. 48, pp. 3691–3698, 2013.
	I. Al Mheid, R. Patel, J. Murrow et al., “Vitamin D status is associated with arterial stiffness and vascular dysfunction in healthy humans,” Journal of the American College of Cardiology, vol. 58, no. 2, pp. 186–192, 2011.
	C. McGreevy, M. Barry, C. Davenport et al., “The effect of vitamin D supplementation on arterial stiffness in an elderly community-based population,” Journal of the American Society of Hypertension, vol. 9, no. 3, pp. 176–183, 2015.
	O.-H. Ryu, W. Chung, S. Lee, K.-S. Hong, M.-G. Choi, and H. J. Yoo, “The effect of high-dose vitamin D supplementation on insulin resistance and arterial stiffness in patients with type 2 diabetes,” Korean Journal of Internal Medicine, vol. 29, no. 5, pp. 620–629, 2014.
	B. Min, “Effects of vitamin d on blood pressure and endothelial function,” Korean Journal of Physiology and Pharmacology, vol. 17, no. 5, pp. 385–392, 2013.
	D. Santoro, D. Caccamo, S. Lucisano et al., “Interplay of vitamin D, erythropoiesis, and the renin-angiotensin system,” BioMed Research International, vol. 2015, Article ID 145828, 11 pages, 2015.
	A. Mahmud and J. Feely, “Arterial stiffness and the renin-angiotensin-aldosterone system,” Journal of the Renin-Angiotensin-Aldosterone System, vol. 5, no. 3, pp. 102–108, 2004.
	Y. C. Li, J. Kong, M. Wei, Z.-F. Chen, S. Q. Liu, and L.-P. Cao, “1,25-Dihydroxyvitamin D3 is a negative endocrine regulator of the renin-angiotensin system,” The Journal of Clinical Investigation, vol. 110, no. 2, pp. 229–238, 2002.
	L. Helming, J. Böse, J. Ehrchen et al., “1α,25-dihydroxyvitamin D3 is a potent suppressor of interferon γ-mediated macrophage activation,” Blood, vol. 106, no. 13, pp. 4351–4358, 2005.
	S. Chen, C. S. Law, and D. G. Gardner, “Vitamin D-dependent suppression of endothelin-induced vascular smooth muscle cell proliferation through inhibition of CDK2 activity,” Journal of Steroid Biochemistry and Molecular Biology, vol. 118, no. 3, pp. 135–141, 2010.
	C. M. McEniery,  Yasmin, I. R. Hall, A. Qasem, I. B. Wilkinson, and J. R. Cockcroft, “Normal vascular aging: differential effects on wave reflection and aortic pulse wave velocity: the Anglo-Cardiff Collaborative Trial (ACCT),” Journal of the American College of Cardiology, vol. 46, no. 9, pp. 1753–1760, 2005.
	P. A. James, S. Oparil, B. L. Carter et al., “2014 evidence-based guideline for the management of high blood pressure in adults: report from the panel members appointed to the Eighth Joint National Committee (JNC 8),” JAMA: Journal of the American Medical Association, vol. 311, no. 5, pp. 507–520, 2014.


EPUB/Navigation/nav.xhtml


		

			

		  1. Introduction

		  2. Methods

		  3. Results

		  4. Discussion

		  References 





EPUB/Content/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  




