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Abstract

Background: Low serum vitamin D level is
associated with both high blood pressure and
incidence  of  primary  hypertension.
Experimental studies suggest that vitamin D
supplements may reduce blood pressure.

Objective: The aim of this study was to inves-
tigate whether vitamin D supplementation
reduces systolic blood pressure (SBP), dia-
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stolic blood pressure (DBP), and mean arterial
pressure (MAP) in Iranian patients with essen-
tial hypertension.

Method: A total of 173 patients with essential
hypertension participated in this open-label
clinical trial. SBP, DBP, and serum vitamin D
levels were measured at baseline and at the
end of the study. Vitamin D was administered
at a dose of 50,000 IU/week, and 1000 IU/day
in patients with serum vitamin D levels
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<20 ng/mL and 20-30 ng/mL, respectively,
for 8 weeks.

Results: Based on serum vitamin D levels,
45.1%, 17.3%, and 29.5% of patients were
deficient, insufficient, and sufficient for vita-
min D intake, respectively. Baseline serum
levels of vitamin D were not correlated with
SBP, DBP, and MAP at the beginning of the
study (p = ns). Multiple logistic regression
analysis revealed that the risk of vitamin D
deficiency was 2.5-fold times higher in women
than in men (p = 0.03). After 8 weeks of sup-
plementation with vitamin D, mean SBP and
MAP were significantly reduced by
55 = 16.16 (p = 0.01) and 3.7 = 9.24
(p = 0.004) mmHg, respectively. Neither sex
nor age could significantly predict BP response
to vitamin D supplementation.

Conclusion: Vitamin D supplementation may
significantly reduce SBP and MAP but not
DBP in patients with essential hypertension.
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1 Introduction

Vitamin D deficiency is a common problem with
serious implications for human health [1-3].
Several studies revealed that low 25-hydroxy
(25-OH) vitamin D levels are strongly associated
with cardiovascular diseases including higher
blood pressure and a higher rate of hypertension
[4-9].

Previous observational studies and meta-
analyses of vitamin D intervention suggest that
vitamin D supplementation may decrease blood
pressure in selected patient groups and popula-
tions. For instance, in a recent meta-analysis of
observational studies, every 16 ng/mL reduction
in serum vitamin D levels was associated with a
16% increase in the risk of hypertension [10].
Moreover, low serum vitamin D levels in normo-

tensive individuals have been reported to predis-
pose to future hypertension [4].

Vitamin D receptor (VDR) is a transcription fac-
tor belonging to the nuclear receptor family. Vitamin
D receptor is highly expressed on the vascular
smooth muscle endothelium and cardiomyocytes
[11, 12]. Sufficient levels of vitamin D prevent con-
traction of venous smooth muscle cells and increase
arterial compliance. Downregulation of vitamin D
receptor in animal models led to elevation of blood
pressure [13], which suggest that it can be amended
with vitamin D oral supplementation.

Molecular events of vitamin D-vitamin D
receptor ligation, including suppression of the
renin—angiotensin—aldosterone system (RAAS),
nephroprotective actions, or induction of endo-
thelial/vascular function, suggest an antihyper-
tensive properties of vitamin D [14, 15]. Vitamin
D plays several roles in vascular structure and
functions such as reducing the expression of
thrombogenic genes, increasing vasodilation-
related genes, and upregulation of prostacyclin,
the latter being a vasodilator [16, 17].

However, several randomized controlled trials
(RCTs) on vitamin D supplementation in hyper-
tensive patients have shown disappointing results
with most reports showing no beneficial effects
[18-25]. For instance, Witham et al. reported that
supplementation with 100,000 IU of oral vitamin
D every 3 months for 1 year causes no appreciable
change in blood pressure compared with placebo
[26]. These findings have argued the value of vita-
min D as a powerful treatment for hypertension.

Despite a wide range of antihypertensive
drugs now being approved and available with
various mechanism of actions, treatment of
refractory hypertensive patients — the blood pres-
sure remains above the goal despite use of three
different classes of hypertensive agents — remains
challenging, with numerous subjects experienc-
ing treatment-limiting side effect [27]. Although
recent strategies have focused on invasive
approaches, such as renal denervation therapy
with debatable result [28], the large burden of
resistant hypertension at the population level
means that low-cost, easy-to-apply interventions
to mitigate the problem are still required.

However, it does not seem likely that vitamin
D administration will have an effective and uni-
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formly lowering effect on blood pressure across
all populations and races. In this light, we con-
ducted an open-label trial to investigate the effect
of vitamin D on blood pressure in Iranian patients
with essential hypertension.

2 Materials and Methods

2.1 Study Design

The present study was an open-label clinical trial.
The study enrolled 173 patients, between 18 and
65 years old (mean age = 57.6 = 9.3 years) who
had an averaged SBP > 140 or DBP > 90 mm Hg
based on Joint National Committee 7 (JNC7) cri-
teria [29], or participants were eligible for inclu-
sion if they had received >1 antihypertensive
medication and recruited at endocrine disease
clinic in Bagiyatallah Hospital, affiliated Tehran,
Iran. Mean arterial pressure (MAP) was calcu-
lated based on systolic and diastolic blood pres-
sure (SBP and DBP) using the formula below:

Mean arterial pressure(mmHg)
=(SBPx1/3)+(DBPx2/3)

Enrollment began in October 2014, and the
final follow-up visit was carried out in July 2015.
Information regarding type and dose of antihy-
pertensive drugs were documented. Exclusion
criteria were as follows: patients with known car-
diovascular disease (left ventricular ejection frac-
tion (LVEF) < 45%, as prior myocardial
infarction, percutaneous transluminal coronary
angioplasty, coronary artery bypass, or stroke),
renal disease (serum creatinine >1.5 mg/dl) and
liver disorders (subjects with the liver enzyme
alanine aminotransferase (ALT) >3 folds of
upper limit of normal value range), secondary
hypertension, and chronic obstructive pulmonary
disorder. Individuals were also excluded if they
had used any kind of vitamin D supplementation
in the past 3 months. This study was performed in
accordance with the Declaration of Helsinki
guidelines, and the study protocol was approved
by the Ethics Committee of the Bagiyatallah
University of Medical Sciences, Tehran, Iran (IR.
RMSU.REC.1394.31). Written informed consent

was obtained from all participants. The trial was
registered at IRCT.ir
(IRCT20080901001165N57). At the first screen-
ing visit, the blood pressure was measured by a
physician three times using standard sphygmo-
manometer [30].

2.2 Vitamin D Supplementation
and Blood Pressure

Monitoring

Following participants enrolling, vein blood was
drawn from patients and serum level of 25-OH
vitamin D was measured in the medical labora-
tory of Bagiyatallah Hospital. The patients were
classified in three groups as vitamin D deficient
(<20 ng/ml), insufficient (20-30 ng/ml), and suf-
ficient (>30 ng/ml) (to convert to nanomoles per
liter, multiply by 2.496) [31]. 50,000 U weekly
and 1000 U daily vitamin D (pearl vitamin D3,
Zahravi Pharma Co, Tehran, Iran) were adminis-
trated in vitamin D-deficient and vitamin
D-insufficient patients, respectively. Vitamin D
administration was continued for 8§ weeks and
endpoint blood pressure was measured. At week
8, serum level and relation of 25-OH vitamin D
status to change in blood pressures were also
determined. Outcomes, including 25-OH vitamin
D serum levels and endpoint blood pressure,
were all measured on the same day. Patients were
not administrated with calcium supplementation;
however, they were informed by lifestyle changes
with advice on optimal calcium consumption. All
patients were followed during the 8 weeks of
intervention to ensure regular administration of
vitamin D and to monitor suspected medication
adverse effects (Fig. 1).

2.3 Statistical Methods

Sample size was calculated based on power (1-f
probability error) = 80% and o = 0.05 using G
Power version 3.1. We estimated the size of the
sample for this study based on data from the pre-
vious study [32]. There was a significant inverse
correlation between serum level of 25-OH vita-
min D and blood pressure in our study. A power
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Screening 173 patients with
essential hypertension

Completed the questionnaire |

Venous blood collection

Serum 250HvitD was measured
(n=173)

Normal (>30 ng/mL)

Insufficient (20-30 ng/mL)

Deficient (<20 ng/mL)

(n=51) (n=36) (n=86)
v \i N
Blood pressure measurement | | Blood pressure measurement | Blood pressure measurement |
\ \
Vitamin D supplementation Vitamin D supplementation
(1000 1U/day) (50000 IU/week)
\V/ v/
8 weeks follow-up 8 weeks follow-up
\! \
Drop-out due to loss to follow- Drop-out due to loss to follow-
up (n=6) up (n=8)
Vi Vi
Blood pressure and 250HvitD Blood pressure and 250HvitD
measurement measurement

Fig. 1 Flowchart of the trial. 173 eligible patients with essential hypertension participated in the study. 159 patients

could be completely followed up

analysis using G*power software revealed that
52 subjects were required for our study to detect
a significant difference between the groups.
Qualitative and quantitative data are demon-
strated by percentage and mean + standard devi-
ation of three independent measurements. The
Kolmogorov—Smirnov test was used to assess
the normal distribution of data. The statistical
analysis was only performed on the treated
group. The correlation between serum level of
25-OH vitamin D and SBP, DBP, and MAP was
determined using Spearman correlation test. The
number of the antihypertensive drug regimens
was compared between normal and vitamin
D-deficient groups using chi-square test (patients

were divided into two: deficient and sufficient
groups). Multivariate logistic regression method
was applied to determine the potential effect of
risk factors (sex, age, and body mass index
(BMI)) on the goal of therapy, and in this regard,
patients were classified in groups with or with-
out age (>55 for men, >65 for women) and body
mass index (>30 kg/m2) risk factors. The
patients were classified as deficient and suffi-
cient groups (because of low number of patients
in insufficient group) for chi-square and logistic
regression tests. SPSS 20 (SPSS Inc., Chicago,
Illinois) software used to run statistical data
analysis and P values of less than 0.05 were
regarded as statistically significant.
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3 Results

3.1 Demographic Data

In the present study, 173 patients with essential
hypertension were evaluated. Representative data
of sex, age, BMI, and clinical features of partici-
pants flow through the trial is shown in Table 1.
The antihypertensive drug regimens were not
changed during the present study. Hypertensive
patients were classified in three groups of suffi-
cient (51 patients), insufficient (36 patients), and
deficient (86 patients) based on serum level of
25-OH vitamin D. No significant correlation was
observed between baseline 25-OH vitamin D
serum level and SBP, DBP, and MAP of 155
patients (Table 2). Fourteen patients were
dropped out due to loss to follow up.

3.2 Effect of Intervention on 25-OH

Vitamin D Serum Level

At the first visit screening, 86 (49.7%), 36
(20.8%), and 51 (29.5%) patients were character-

ized in deficient, insufficient, and sufficient
groups regarding serum level of 25-OH vitamin
D, respectively. After 8 weeks, mean 25-OH vita-
min D serum levels significantly increased fol-
lowing supplementation from a baseline level in
insufficient group from 25.3 + 3.0 ng/ml to
35.1 = 9.1 ng/mL and deficient group from
9.9 +5.0ng/mlto 30.2 + 10.6 ng/mL (P < 0.0001).

Effect of Vitamin D
Supplementation on Systolic,
Diastolic, and Mean Arterial
Pressure

33

No significant correlation was observed between
SBP, DBP, and MAP with 25-OH vitamin D
serum level. However, vitamin D supplementa-
tion concomitant with conventional antihyperten-
sive drug regimens caused a statistically
significant 5.5 + 16.2 mm Hg decrease of overall
SBP (p = 0.01, 95% confidence interval = 1.3,
9.6). Vitamin D intervention decreased overall
DBP by meanof 1.4+ 12.4 mm Hg (p =0.3,95%
confidence interval = —1.7, 4.6). Moreover, the

Table 1 Demographic characteristic and clinical information of participants

Serum 25-OH vitamin D

Total Deficient Insufficient Normal

Patients N (%) 173 (100) 86 (49.71) 36 (20.81) 51(29.48)
Age (year) 57.94 +9.00 55.66 = 10.18 59.58 +7.58 60.47 + 8.62
Mean + SD
Blood pressure 128.82 +21.95/ 130.65 +22.72/ | 126.08 £26.07/ | 127.78 + 18.05/
Systolic/diastolic mean = SD 80.32 + 10.47 82.35 +10.85 81.46 + 10.81 76.70 + 8.83
(mmHg)
Sex Female N (%) | 111 (64.20) 46 (41.44) 24 (21.62) 41 (36.94)

Male N (%) 62 (35.80) 37 (59.68) 11 (17.74) 14 (22.58)
BMI (kg/m?), mean + SD 27.30 + 3.66 27.17 £3.88 28.05 +3.99 27.05 +3.30
Hyperlipidemia 98 (56.65) 52 (53.06) 22 (22.45) 24 (24.49)
(LDL-C > 100 mg/dL)
(%)
Diabetes mellitus (%) 137 (79.19) 67 (48.90) 24 (17.52) 46 (33.58)

Table 2 Correlation between 25-OH vitamin D serum level and systolic, diastolic, and mean arterial blood pressures

(N =155)
Baseline SBP | Baseline DBP | Baseline MAP
Baseline 25-OH vitamin D level | Pearson correlation (r) 0.015 —0.156 —-0.078
P value 0.857 0.052 0.338
Number of patients 155 155 155

SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial pressure
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Table 3 The effect of vitamin D intervention on systolic blood pressure, diastolic blood pressure, and mean arterial

pressure (N = 155)

Blood pressure Before vitamin D After vitamin D 95% confidence interval of the

(mmHg) therapy therapy difference P value
SBP mean + SD 1332 +17.81 127.2 + 14.54 1.3,9.6 0.010
(mmHg)

DBP mean + SD 82.6 +13.40 81.2 +10.38 -1.7,4.6 0.369
(mmHg)

MAP mean + SD 99.29 + 17.81 95.57+9.72 1.2,6.2 0.004
(mmHg)

SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial pressure

intervention led to 3.7 + 9.2 mmHg decrease of
mean arterial pressure (MAP) (p = 0.004, 95%
confidence interval = 1.2-6.2) (Table 3). In the
present study, 58.4% of patients were receiving at
least one RAAS blockers. The vitamin D supple-
mentation in this group leads to a statistically sig-
nificant reduction in SBP (p = 0.028, 95%
confidence interval = 0.7-11.9) and MAP
(» = 0.02, 95% confidence interval = —0.9-8.0)
and a marginally nonsignificant reduction in DBP
(p = 0.055, 95% confidence interval = 0.9-8.0).

The Relation

of Antihypertensive Drug
Regimens and 25-OH Vitamin
D Serum Level

34

To investigate if 25-OH vitamin D serum level is in
relation with the number of antihypertensive drug
regimens, the number of administrated antihyper-
tensive drugs was compared with vitamin
D-sufficient and vitamin D-deficient patients using
chi-square test. In the present set of analysis, the
patients were categorized as vitamin D sufficient
(>30 ng/ml) and deficient (<30 ng/ml). There were
no significant differences in the number of antihy-
pertensive drugs that patients are taking in the vita-
min D-sufficient and vitamin D-deficient groups
according to the chi-square test (p > 0.05) (Table 4).

3.5 Effect of Sex, Age, and Body
Mass Index on Clinical
Response of Vitamin D
Treatment in Patients

with Hypertension

Multiple logistic regression analysis showed a
significant association between sex but not age

and BMI with 25-OH vitamin D serum level
(p = 0.03) (Table 5). This test was also employed
to analyze association of sex, age, and BMI risk
factors and clinical response of vitamin D inter-
vention (Table 6). In accordance with JNC7
guideline, the goal of therapy was determined as
systolic/diastolic blood pressure <130/80 mmHg
and <140/90 for diabetic and nondiabetic patient
groups, respectively [29]. Comparison of risk
factors between patients whose blood pressure
reached the goal of therapy and not showed that
neither sex nor age had significant association
with goal of therapy in both groups of patients.
However, a marginally significant (p value:
0.053) and negative correlation was seen between
BMI and goal of therapy (Table 6).

4 Discussion

Hypertension has recently emerged as an impor-
tant risk factor for the public health burden.
Recently, several preventive and protective
effects of vitamin D are found in a wide range of
diseases including cancer, autoimmune disease,
diabetes, infections, depression, osteoporosis,
and cardiovascular diseases [33]. It is of interest
to investigate if vitamin D supplementation has a
uniformly lowering effect on blood pressure to
clarify the beneficial effect of vitamin D for pub-
lic health [34].

There are consistent epidemiological evi-
dences linking low vitamin D status to a higher
risk of hypertension. However, the findings of
randomized controlled trials investigating the
effects of vitamin D supplementation on blood
pressure have not been fully conclusive, though a
trend toward a modest reduction in blood pres-
sure could be implied [35]. Several genetic and
environmental factors can influence the conse-
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Table 4 The number of vitamin D-deficient and vitamin
D-sufficient individuals in patient groups using one, two,
and three antihypertensive drugs. The comparison
between deficient and sufficient groups and groups receiv-
ing one (p = 0.47), two (p = 0.18), and three (p = 0.22)
hypertensive drugs using chi-square test revealed no sig-
nificant differences

No. of anti-hypertensive

drugs
Cross tabulation | One Two Three | Total
Deficient no. (% |41 18 16 75
within D/S) (54.7) (24.0) | (21.3) | (100)
Sufficient no. 22 13 6 41
(% within D/S) (53.7) (31.7) | (14.6) | (100)
Total no. (% 63 31 22 116
within D/S) (54.3) (26.7) | (19.0) | (100)

S sufficient, D deficient

Table 5 Multiple logistic regression analysis of the
effect of sex, age, and body mass index on vitamin
D-deficient and vitamin D-sufficient patient groups

(N=173)
95% CI for odds
ratio
Risk factor | Odds ratio | Lower Upper | P value
BMI 0.77 0.35 1.7 0.53
Age 1.10 0.48 255 10.81
Sex 2.54 1.09 589 10.03

Table 6 Association between sex, age, and body mass
index and clinical response of patients with hypertension
treated with vitamin D (N = 155)

95% CI for odds

ratio
Risk factor | Odds ratio | Lower Upper | P value
Age 1.24 0.38 39 1075
BMI 3.1 0.98 10.3 1 0.053
Sex 0.93 0.31 2.73 10.89

quence of vitamin D supplementation on blood
pressure. These underlying factors include the
vitamin D baseline status, the vitamin D dose, the
dose-response relation between vitamin D and
parathyroid hormone, calcium intake, and other
factors, such as age, sex, BMI, genetics, and
races [26]. It is important to put these variations
in context of other evidence. One important
aspect of the potential vitamin D-blood pressure
relationship to consider is the population and bio-
logical variation [36].

In the present study, we conducted an open-
label trial to investigate the effect of vitamin D

on 173 Iranian patients with essential hyperten-
sion. Based on baseline 25-OH vitamin D serum
level, 49.7%, 20.8%, and 29.5% of patients were
classified as vitamin D deficient, insufficient,
and normal, respectively. Mean 25-OH vitamin
D serum level of patients was 24.0 + 18.1 ng/ml.
The data implies higher incidence (70.5%) of
vitamin D shortage in the hypertensive patients
in comparison to incidence of vitamin D defi-
ciency of the general population in Iran (51%)
[37]. In accordance with our finding, 81.3% and
72% of essential hypertensive patients were
found with vitamin D deficiency in previous
studies [38, 39].

No significant correlation was observed
between SBP, MAP, and DBP with 25-OH vita-
min D serum level. A similar study on 251
patients also showed no significant association
of high blood pressure and 25-OH vitamin D
serum level [40]. However, Vimaleswaran et al.
showed a significant association between
increased 25-OH vitamin D level and decreased
SBP and odds of hypertension of 49,363
patients [41]. In a cross-sectional study, a
higher vitamin D level was associated with
lower blood pressure [42]. Several possibilities
merit discussion to explain these controversial
findings. The geographical and seasonal differ-
ences and smaller sample size of our study may
explain the discrepancy. However, some aspect
like the dose—-response relation between 25-OH
vitamin D and parathyroid hormone, calcium
intake, and underlying population factors such
as age, sex, BMI, genetics, and medications
can be considered in the potential vitamin
D-blood pressure relationship [26]. All partici-
pants were resident of Tehran and all examina-
tions and measurements were carried out in
spring.

Eight weeks of oral vitamin D supplementa-
tion concomitant with conventional antihyperten-
sive drug regimens caused 5.5 + 16.2 mm Hg,
1.4 +£12.6 mm Hg, and 3.7 + 9.2 mm Hg decrease
of overall SBP, DBP, and MAP, respectively.
Altogether, the present intervention significantly
reduced SBP and MAP in patients with essential
hypertension.

The previous study using similar dose of vita-
min D has shown significant reductions in blood
pressure in patients with type 2 diabetes mellitus
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and low vitamin D levels [43]. However, in a
recent study, a total of 100,000 U of oral chole-
calciferol every 3 months for 1 year did not
improve blood pressure or markers of vascular
health in patients with hypertension [44].
100,000 U of vitamin D every 2 months for
6 months did not reduce 24-hour ambulatory and
office blood pressure in patients with resistant
hypertensive patients [35]. Some possibilities
merit discussion to enlighten these controversial
findings. It is possible that the dose of vitamin D
was inadequate to reach clinical response.
Moreover, regional variation may influence mean
of serum level of vitamin D and the therapeutic
effect of vitamin D intervention [36]. Finally, a
wide range of antihypertensive agents have been
used by subjects; thus, many of the available
molecular pathways of blood pressure may have
already been engaged. Vitamin D exerts antihy-
pertensive effects through renin—angiotensin—
aldosterone system [13]. A high proportion of
hypertensive patients are regularly taking
angiotensin-converting enzyme inhibitors, angio-
tensin receptor blockers, and aldosterone antago-
nists that may obviate any further therapeutic
benefit of vitamin D intervention. In the present
study, 58.4% of patients were taking RAAS
blockers. In this group, vitamin D supplementa-
tion could lead to a significant decrease in SBP
and MAP. This effect may be caused by a syner-
gistic effect of vitamin D supplementation and
RAAS blockers, which led to achieving the goal
of therapy in hypertensive patients.

We hypothesized that 25-OH vitamin D serum
level may be in relation with the number of anti-
hypertensive drug regimens. So, in the next set of
analysis, the number of administrated antihyper-
tensive drugs was compared in vitamin
D-sufficient and vitamin D-deficient groups. This
study failed to prove the hypothesis, and no sig-
nificant differences was found in the number of
antihypertensive drugs that patients adminis-
trated in vitamin D-sufficient and vitamin
D-deficient groups.

Multiple logistic regression analysis in our
study showed that risk of vitamin D deficiency
was 2.5-fold times higher in women subjects.
Women dress code (Hijab) in Islamic regions as

sunlight barrier may explain lower vitamin D in
women participants [45]. This finding empha-
sizes the necessity of vitamin D fortification of
food in countries where some people may not be
exposed to sunlight because of cultural and reli-
gious dress styles. Moreover, neither sex nor age
showed significant association with goal of ther-
apy. However, a marginally nonsignificant and
negative correlation was seen between BMI and
goal of therapy. In Multi-Ethnic Study of
Atherosclerosis, a cohort and prospective study,
on 3002 subjects free of prevalent cardiovascular
disease and hypertension, lower serum 25-OH
vitamin D categories were associated with higher
unadjusted incident hypertension, but after
adjustment for potential confounders such as
BMI (as continuous variable) and kidney func-
tion, the association was no longer significant
[46]. On the other hand, in meta-analysis of
108,173 subjects of 35 studies, increased 25-OH
levels were associated with reduced SBP but not
DBP and this association was not altered after
adjustment for age, sex, method of blood pres-
sure measurement, geographical region, and BMI
[41]. To the best of our knowledge, until now, no
study was found that investigate the effect of age,
sex, or BMI on the goal of therapy after vitamin
D supplementation.

One limitation of the current study was lack of
placebo control group in the trial, which might
have caused an overestimation of the effects of
vitamin D supplementation. Also the present
study was not blinded, and therefore, the results,
though objective in nature, might have been
biased due to potential placebo effects.

In conclusion, the present results suggested
that vitamin D supplementation decreases SBP
and MAP but not DBP in patients with essential
hypertension on antihypertensive treatment regi-
mens. Further investigations could explore if
higher doses of vitamin D at longer treatment
durations may be more effective, or whether
selected patients (e.g., those not taking renin—
angiotensin—aldosterone system inhibitors) may
elicit differential blood pressure response to vita-
min D supplementation. Molecular experiments
on vitamin D receptor expression levels and
polymorphisms of patients who reached treat-
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ment goal would shed more light on the underly-
ing mechanism action of vitamin D on blood
pressure.
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