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Abstract

Vitamin D has been reported to lower blood pressure in vivo by regulating the renin-angiotensin
system; however, there are limited clinical studies to support this finding in humans. We
investigated the effect of vitamin D treatment on hypertension in a three-arm randomized placebo
controlled pilot and feasibility study. We tested placebo with two forms of vitamin D:
cholecalciferol (vitamin D3) and the active form of vitamin D, calcitriol. Subjects were recruited
from the Atlanta Veterans Affairs Medical Center in Decatur, GA between April and August 2008.
Subjects received 200,000 1U of vitamin D3 (n = 3) weekly for 3 weeks or matching placebo (n =
3) weekly for 3 weeks (n = 3) or 0.5 pg calcitriol (n = 2) taken twice daily for one week. Our
primary endpoint was blood pressure measured by 24 h ambulatory blood pressure monitor.
Subjects receiving calcitriol experienced a 9% decrease in mean systolic blood pressure (SBP)
compared placebo (p < 0.001). One week after conclusion of calcitriol therapy SBP returned to
pre-treatment levels. There was no reduction in blood pressure in the placebo or vitamin D3
groups. Results from this pilot study suggests that active vitamin D therapy may be an effective
short-term intervention for reducing blood pressure and needs to be explored further in larger
controlled studies.
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1. Introduction

Inadequate blood pressure (BP) control predisposes an individual for increased risk of
stroke, kidney disease, and heart disease [1,2]. Cross-sectional studies have demonstrated
that higher levels of 25-hydroxyvitamin D (25(0OH)D), the major circulating form of vitamin
D, are associated with lower BP [3,4] as is calcitriol, the short-acting active form of vitamin
D [5,6]. Further, small randomized controlled studies suggest that vitamin D treatment
lowers BP [7] and reduces inflammation in congestive heart failure [8]; however, these
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findings have not been replicated in larger studies [9]. Men with low vitamin D levels were
six times more likely to develop hypertension in health professionals follow-up survey [10]
and twice as likely to have a cardiac event in the Framingham Offspring Study [11].

The mechanism by which vitamin D may regulate BP is not firmly established. Initial
studies by Li et al. suggested that vitamin D is a negative regulator of renin [12,13]. Vitamin
D receptor (VDR) knockout mice have elevated BP and plasma renin activity which can be
reversed with angiotensin converting enzyme inhibitor treatment. Furthermore, wild type
mice given active vitamin D (1,25-dihydroxyvitamin D) have decreased mMRNA expression
of renin [12,13]. These early pre-clinical studies suggest that vitamin D may play a role in
the regulation of BP. The purpose of our study was to examine whether vitamin D lowers
BP in humans and to determine if vitamin D lowers plasma renin activity. We evaluated
both the inactive form of vitamin D3 (cholecalciferol) and the active form of vitamin D
(calcitriol) in a small pilot and feasibility study conducted over a three-week period.

2. Materials and methods

2.1. Participants

A total of 31 subjects were screened, 15 subjects were consented, 9 subjects were enrolled,
and 7 subjects completed the study. In order to limit the heterogeneity of this study, we
recruited subjects over the age of 30, self-defined as black or African American, with
25(0OH)D levels between 25 and 75 nmol/L, and had systolic blood pressure (SBP) between
130 and 150 mm Hg. We excluded subjects who had history of hypercalciuria,
hyperparathyroidism, current use of more than three anti-hypertensive medications, inability
to understand the consent form, inability to return ambulatory blood pressure (ABP) monitor
within 24-48 h after visit, history of alcohol abuse, current alcohol consumption of greater
than two drinks per day, diagnosis of chronic kidney disease, diagnosis of HIV, history of
heart disease, history of stroke, inability to comply with study protocol, current treatment for
cancer, narcotic dependence, current use of vitamin D analog, and/or current use of greater
than 2000 IU of vitamin D.

2.2. Study medication, anti-hypertensive medication use, and compliance

Subjects received calcitriol manufactured by Pliva, Inc. (East Hanover, NJ) or vitamin D3 or
placebo manufactured by Tishcon (Westbury, NY). Vitamin D3 and placebo were taken
orally and were identical in shape and color. Given the short half-life of calcitriol (~8 h),
subjects took calcitriol twice daily for one week. In addition, subjects were requested to
continue using prescription anti-hypertensive medication. Study personnel were blinded to
vitamin D3 and placebo as were subjects; however, due to differences in dosing regimen
study personnel were not blinded if subject was randomized to calcitriol. Seven subjects
(vitamin D3 n = 2; calcitriol n = 2; placebo n = 3) completed all study requirements over a
one-month period.

2.3. Blood collection, blood pressure assessment and quality control

Blood was collected at the screening visit, baseline, and final visits. Serum 25(OH)D was
determined by ELISA (IDS Ltd, Fountain Hills, AZ). Plasma renin activity (PRA) was
determined by RIA (Quest Diagnostics, San Jose, CA). Urinary creatinine, potassium,
calcium and sodium levels were measured by standard hospital methods. BP was measured
at screening with the subject sitting quietly in the examination room for 5 min. For baseline
and follow-up visits, subjects were requested to wear an ambulatory blood pressure (ABP)
monitor (Spacelabs 90207) for 24 h. In order to consider the data usable, we required at least
75% of measures to be present. We calibrated the monitor with a stationary monitor at the
clinic before sending it with the subject and upon return of the monitor.
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2.4. Statistical analysis

Data was analyzed using mixed linear models to account for correlation of repeated
measures within the same subject. Microsoft Excel and SAS 9.1 (SAS Institute, Cary, NC)
were used for all data analyses. Data from the ABP monitors was downloaded using
software provided by the manufacturer and was then transferred to Excel using an encrypted
spreadsheet. BP averages were obtained using Microsoft Excel and then transferred into a
SAS data set. Data was analyzed using PROC MIXED with a REPEATED statement to
account for colinearity. We also used PROC GLM to calculate adjusted means controlling
for initial BP. Average waking BP was used as the main outcome variable. We also
examined changes in biomarkers between treatment and control groups and examined ratio
of daytime to nighttime BP changes. All analysis was done using intent to treat.

3. Results

3.1. Evaluation of the effects of cholecalciferol, calcitriol, or placebo on blood pressure

We randomized nine subjects to receive cholecalciferol, calcitriol, or placebo; seven subjects
completed the study requirements. All study subjects were using anti-hypertensive
medications (Table 1). All three groups had different initial BP and vitamin D levels
(ANOVA p < 0.01) but were balanced in terms of starting plasma renin activity, age, and
use of medication. Subjects randomized to calcitriol had a significant decrease in SBP
compared to placebo. In contrast, there was no significant change in SBP in subjects
randomized to vitamin D3 compared to placebo. The calcitriol group experienced a 9%
reduction in SBP compared to placebo (p < 0.001). In subjects randomized to calcitriol,
there were no significant reductions in diastolic BP; however, there was a significant
reduction in heart rate (85 £ 9.3 vs 78 £ 7.6, p = 0.004). The reduction in heart rate observed
in the calcitriol group was significant when compared with placebo group (p < 0.001).

3.2. Calcitriol follow-up

We further evaluated whether decreased SBP was sustained after one week of calcitriol
therapy. The subjects randomized to calcitriol wore the ABP monitor one week after
conclusion of treatment (Fig. 1). One week after subjects discontinued use of calcitriol, SBP
returned to pre-treatment levels.

3.3. Biomarkers

We did not observe a significant change in any of the serum biomarkers: glucose, calcium,
parathyroid hormone, creatinine, phosphorous, cholesterol, and triglycerides. All remained
unchanged throughout the course of the study. Calcium excretion increased significantly in
the group supplemented with calcitriol. Urinary excretion of sodium was not different across
the three groups nor was plasma renin activity (PRA).

4. Discussion

This pilot and feasibility study demonstrates that calcitriol lowers BP in the short term with
no significant change in BP with cholecalciferol. We did not observe any adverse events in
any of the three groups. These encouraging results support the findings of Li et al. who
suggest vitamin D may lower BP by acting as a negative regulator of renin [12,13] and one
case study in which calcitriol suppressed PRA and lowered BP from 145/96 mm Hg to
128/85 after two weeks of calcitriol therapy [14]. In addition to direct effects on renin
[12,13] calcitriol has been shown to modify the vascular endothelium [15-17] and reduce
inflammatory cytokines from activated T-cells [18]. Activated T-cells have been shown to
increase oxidative stress and subsequently increase angiotensin-I1 production, thus
suggesting numerous mechanisms through which calcitriol may act to reduce blood pressure
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[19]. Unfortunately, our study was not powered to detect any changes in PRA or other
surrogate biomarkers of cardiovascular risk or inflammation.

Our study was limited due to small sample size. In addition, the Vitamin D3 supplement arm
started with significantly lower blood pressures than the placebo and calcitriol group. This
could be why no difference in blood pressure was observed. We were under-powered to
examine reduction in PRA and mechanistic effects of vitamin D3; however, we did observe
significant reduction in BP in one subject with high PRA and was treated with vitamin Ds.
This suggests that vitamin D3 therapy may need to be targeted specifically to those with high
PRA in future studies. Evidence exists indicating vitamin D therapy may be a
complementary treatment strategy in the management of cardiovascular and renal disease.
These data should be interpreted with caution as calcitriol is a risky anti-hypertensive
therapy. We have demonstrated in a small pilot study that BP can be reduced with calcitriol
though future studies with larger numbers of participants would be needed to examine the
safety and efficacy of calcitriol. Large-scale studies examining the role of vitamin D in
regulating blood pressure seem warranted.
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Fig. 1.

Mean 24 h systolic blood pressure measures in three treatment groups. Blood pressure
decreased significantly in those subjects receiving 1,25D when compared with vitamin D3
and placebo.

p < 0.05 when compared to initial and extra measure.
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Table 1
Baseline characteristics.
Placebo Calcitriol D3 p

n 3 3 3

Age 46.7 46.5 42.3 0.67
Number of anti-HT medications 1.7 2.5 15 0.83
Blood pressure 141/84 141/76 125/70  0.02
Vitamin D (nmol/dL) 27 46 24 0.05
Plasma renin activity (ng/mL/h) 0.5 0.7 0.7 0.35
Urinary CaCR (mg/mg) 0.1 0.1 0.04 0.28
Urinary ACR (mg/g) 45.8 57.9 489 0.33
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