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1  | Introduc t ion

Vitamin D, also known as calciferol, is a fat-soluble vitamin that is nat-
urally present in very few foods and available as a dietary supplement. 
The two major forms are vitamin D2 (ergocalciferol) and vitamin D3 
(cholecalciferol). Vitamin D2 is largely human-made and is usually added 

to certain foods. Vitamin D3 is produced endogenously in the skin of hu-
mans when ultraviolet rays from sunlight strike the skin and trigger vi-
tamin D synthesis. It is also available in animal-based foods. Both forms 
are produced commercially and are available as dietary supplements 1,2.

At present, the available scientific data indicate that vitamin D 
has a key role in skeletal health including bone mineralization and 
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Abstract
Findings from randomized trials addressing the effect of vitamin D supplementation 
and blood pressure are inconsistent and have been the subject of recent debate. This 
study aimed to assess the effect of vitamin D supplementation on primary hyperten-
sion. This double-blind randomized clinical trial was conducted on patients aged 26-
84 years with essential hypertension from March 2017 to April 2019. Patients with 
vitamin D insufficiency (serum vitamin D levels 20-30 ng/ml) or vitamin D deficiency 
(serum vitamin D levels <20 ng/ml) were enrolled in the study. Patients were ran-
domly assigned to receive vitamin D supplementation or placebo. Systolic and dias-
tolic blood pressure was measured before the intervention and one and two months 
thereafter. Of 208 patients enrolled, 171 patients remained for analysis. The effect 
of vitamin D supplementation on systolic blood pressure was statistically significant 
in the first and second months after the intervention (P=0.004 and P=0.024, re-
spectively). The effect of vitamin D supplementation on diastolic blood pressure was 
statistically significant in the first month after the intervention (P=0.046), but not in 
the second month (P=0.885). No evidence of drug side effects was reported in the 
two groups. The results of this trial are suggestive of the potential benefits of vitamin 
D supplementation on blood pressure end points. Therefore, the use of vitamin D 
may be recommended as an adjuvant drug in the treatment of essential hypertension 
in patients with vitamin D deficiency because it is safe and well-tolerated by the pa-
tients and can significantly reduce the systolic and diastolic blood pressure.

Trial registration: Iranian Registry of Clinical Trials registration number: 
IRCT201703129014N151.
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maintenance of calcium homeostasis. Thus, vitamin D deficiency is 
well-known for the disorders that involve the musculoskeletal sys-
tem and bone metabolism and provide a sound basis for dietary 
reference intakes (DRIs) 1. However, extra-skeletal health outcomes 
related to vitamin D is not well understood yet.

Animal studies provided strong evidence that vitamin D level is 
inversely associated with the renin-angiotensin-aldosterone system 
(RAAS) activity 3. Furthermore, vitamin D deficiency is associated 
with endothelial vasodilator dysfunction 4. Thus, it is likely that the 
activity of vitamin D in animals contributes to a reduction in blood 
pressure 3.

Based on recent epidemiological studies, there has been growing 
evidence that vitamin D deficiency plays a role in developing met-
abolic syndrome and cardiovascular diseases5,6. However, results 
from observational studies are conflicting and inconsistent. Several 
studies suggested that low levels of vitamin D are specifically associ-
ated with an increased risk of several diseases such as myocardial in-
farction 7, abnormal vascular endothelial function 8, vascular smooth 
muscle proliferation and vascular calcification 9, elevated RAS activ-
ity 10, and hypertension 11-15. On the other hand, some observational 
studies did not support these findings 16-18.

To date, the mechanism underlying the inverse relationship 
between vitamin D and blood pressure and the role of vitamin D 
deficiency as an independent risk factor for CVD is not completely 
understood 19,20. Furthermore, findings from randomized trials ad-
dressing the association between vitamin D supplementation and 
hypertension are inconsistent. Thus, using supplementation with 
vitamin D to prevent or treat hypertension has been the subject of 
recent debate 17,19-21. The present study was conducted to assess 
the effect of vitamin D supplemented with antihypertensive drugs 
on reducing blood pressure in hypertensive patients with vitamin D 
insufficiency or deficiency.

2  | Methods

This double-blind randomized clinical trial was conducted in Shahid 
Beheshti Hospital, affiliated with Hamadan University of Medical 
Sciences, in the west of Iran, from March 2017 to April 2019. 
Written informed consent was received from all patients. The 
Ethics Committee of the university approved the trial (IR.UMSHA.
REC.1395.393). The protocol was registered with the Iranian Registry 
of Clinical Trials on March 12, 2017 (IRCT201703129014N151).

According to the results of a controlled trial conducted by Goel 
et al 22, the mean (SD) systolic blood pressure after three months of 
Vitamin D supplementation was 141.6 (9.2) mmHg and 145.2 (8.3) 
mmHg in the intervention and control groups, respectively. Based 
on these results, we arrived at a sample size of 93 for each group 
and a total sample size of 186 at a 95% significance level and 80% 
statistical power. Anticipating a 10% loss to follow-up, we increased 
the sample size to a maximum of 208, of which 104 were randomly 
allocated to the vitamin D supplementation group and 104 to the 
placebo group.

The study population included patients aged 18 to 75 years with 
systolic blood pressure equal to or greater than 140 mmHg or diastolic 
blood pressure equal to or greater than 90 mmHg who were vitamin D 
deficient or insufficient. Vitamin D insufficiency was defined as serum 
vitamin D levels between 20 and 30 ng/ml (50-75 nmol/liter), and vita-
min D deficiency was defined as serum vitamin D levels below 20 ng/
ml (50 nmol/liter)23. Patients with any of the following characteristics 
were excluded from the study: (a) pregnancy; (b) secondary hyperten-
sion; (c) renal failure; (d) history of using vitamin D or calcium during 
the last three months; or (e) using thiazide-type diuretics.

The eligible patients were randomly assigned to two groups 
using the balance block randomization method. For this purpose, we 
prepared four sheets of paper, writing on two sheets “A” for “vita-
min D,” and on two “B” for “placebo.” The paper sheets were pooled, 
placed in the allocator’s white coat pocket, and randomly drawn one 
at a time for each patient without replacement until all four sheets 
were drawn. The four paper sheets were then placed back into her 
pocket and this action repeated until the sample size was reached. 
The allocations remained concealed during the study. For this pur-
pose, the vitamin D and placebo pearls were put in envelops coded A 
and B, respectively. The shape of vitamin D and placebo pearls were 
perfectly the same. Therefore, neither the patients nor the physician 
who examined the patients was aware of the type of intervention. 
Thus, the trial was double-blind.

Both groups received routine antihypertensive medications. The 
intervention group received vitamin D (Calciferol) pearls based on 
serum vitamin D levels. Patients, whose serum vitamin D level was 
less than 20 ng/mL, received one vitamin D pearl 50,000 U weekly for 
two months. Patients, whose serum vitamin D level was between 20 
and 30 ng/mL, received one vitamin D pearl 1000 U weekly for two 
months23. The control group received a placebo pearl for two months.

The primary outcome of interest was systolic and diastolic blood 
pressure, which was evaluated before the intervention and at the 
end of the first and second months from the beginning of the inter-
vention. Blood pressure was measured in the sitting position in the 
office after 10 minutes of rest using a mercury sphygmomanometer. 
The secondary outcome of interest was serum calciferol level before 
the intervention and two months after the intervention using the 
VIDAS kit manufactured by bioMérieux Co, France.

The independent t test was used for analysis. We also used anal-
ysis of variance to perform change score analysis adjusted for sex, 
age group, body mass index, fasting blood sugar (FBS), and serum 
cholesterol level. For this purpose, we compared the difference in 
blood pressure (systolic and diastolic) before the intervention and 
one and two months thereafter between the vitamin D and placebo 
groups. All statistical analyses were performed at a significance level 
of 0.05 using Stata software, version 14 (StataCorp).

3  | Result s

Of 368 patients identified, 80 were ineligible, 71 had normal serum 
vitamin D levels, and 9 declined to participate. The randomization 
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was based on the remaining 208 patients, of whom 104 patients 
were allocated to the vitamin D Group and 104 to the control group. 
Thirty-seven patients declined follow-up including 7 patients in the 
vitamin D group and 30 patients in the control group. The analysis 
was based on data from the remaining 171 patients (66 men and 105 
women) including 97 in the vitamin D group and 74 in the control 
group (Figure 1). The mean (SD) age of the patients was 55.88 (11.51) 
years, ranged from 26 to 84 years.

The baseline characteristics of the intervention (vitamin D) and 
control (placebo) groups are given in Table 1. There were no sta-
tistically significant differences between the age, body mass index, 
duration of hypertension, serum vitamin levels, fasting blood sugar, 
total cholesterol, creatinine, sodium (Na), potassium (K), calcium (Ca), 
and phosphor (P) between the two groups.

The effects of vitamin D supplementation vs placebo on systolic 
and diastolic blood pressure are given in Table 2. At baseline, there 
were no statistically significant differences in the systolic and dia-
stolic blood pressure between the vitamin D and placebo groups 
(P=0.233 and P=0.843, respectively). The effect of vitamin D sup-
plementation on systolic blood pressure was statistically significant 
in the first and second months after the intervention (P=0.003 and 
P=0.037, respectively). However, the effect of vitamin D supple-
mentation on diastolic blood pressure was not statistically signifi-
cant in the first and second months after the intervention (P=0.053 
and P=0.740, respectively).

The effects of various doses of vitamin D supplementation vs 
placebo on systolic and diastolic blood pressure are given in Table 3. 

At baseline, there was a statistically significant difference in the 
systolic but not diastolic blood pressure among various doses of vi-
tamin D and placebo groups (P=0.001 and P=0.424, respectively). 
The effect of various doses of vitamin D supplementation on systolic 
blood pressure was statistically significant in the first month but not 
in the second month after the intervention (P=0.012 and P=0.107, 
respectively). The effect of various doses of vitamin D supplementa-
tion on diastolic blood pressure was not statistically significant both 
in the first and second months after the intervention (P=0.157 and 
P=0.146, respectively).

As shown in Figure 2, systolic blood pressure was slightly 
higher at baseline in the vitamin D group than in the control group. 
However, it decreases after much more in the vitamin D group than 
the control group after vitamin D supplementation. The effect of 
vitamin D supplementation on the diastolic blood pressure was not 
noticeable.

Neither of the patients in the vitamin D or control groups re-
ported any signs or symptoms of drug complications such as nausea, 
vomiting, abdominal pain, diarrhea, and constipation.

4  | Discussion

The use of vitamin D supplementation is taken into consideration in 
the treatment of essential hypertension because it is safe and well-
tolerated by the patients and can significantly reduce systolic and 
diastolic blood pressure.

F I G U R E  1   Flowchart of progress 
through the trial
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A great reduction in systolic and diastolic blood pressure was 
observed in both intervention and control groups. The reduction in 
blood pressure in the control group was reasonable. Although they 
did not receive vitamin D, they did receive routine antihypertension 
medications. However, the reduction in systolic blood pressure was 

greater among the intervention group who received antihyperten-
sive medication plus vitamin D supplementation. Antihypertensive 
benefits of vitamin D can be attributable to suppression of RAAS, 
an anti-protein uric effect, a direct effect on endothelial cells due to 
vitamin D receptor expression in endothelial cells, vascular smooth 
muscle cells, and cardiac myocytes 3,4,9.

Several studies have shown the inverse association of 25-hy-
droxy vitamin D [25(OH)D] levels and blood pressure in both 
normal and hypertensive individuals. Forman et al. showed that 
25(OH)D had an inverse relationship with the risk of hypertension 
24. Demir et al. indicated the association of vitamin D deficiency 
and blood pressure and its relationship with hypotension during 
sleep 25.

Goel et al conducted a clinical trial to assess the role of vitamin D 
supplementation in patients with hypertension. One hundred hyper-
tensive patients (group I) were given conventional antihypertensive 
drugs while another 100 patients (group II), also, were supplemented 
with vitamin D3 (33,000 IU, after every 2 weeks, for 3 months). 
Besides diastolic and systolic blood pressure, serum calcium, phos-
phorus, alkaline phosphatase, albumin, albumin-corrected calcium, 
and 24-hour urinary creatinine levels were estimated in both the 
groups before the start of treatment and after 3 months. Vitamin 
D supplementation showed a more significant decrease in systolic 
blood pressure. The results of the study confirm that vitamin D sup-
plementation has a role in reducing blood pressure in hypertensive 
patients and that it should be supplemented with antihypertensive 
drugs 22.

Forman et al. performed a study on 208 black people and showed 
a significant decrease in systolic blood pressure after the consump-
tion of vitamin D3 26. Another randomized controlled trial conducted 
by Toxqui et al. indicated that 200 units of vitamin D3 supplemen-
tation per day for 16 weeks resulted in a decrease in systolic and 
diastolic blood pressure compared to placebo 27.

Placebo group Vitamin D group

Variables Mean SD Mean SD P-value

Age (yr) 54.41 10.70 57.01 12.02 0.145

Body mass index (kg/m2) 27.13 4.05 26.69 5.01 0.544

Duration of hypertension 
(yr)

8.12 8.92 8.83 7.45 0.576

Vitamin D (ng/ml) at 
baseline

14.58 6.22 13.21 6.70 0.173

Fasting blood sugar (mg/
dl)

93.40 10.34 93.70 8.72 0.839

Total cholesterol (mg/dl) 205.56 44.13 201.63 46.19 0.575

Creatinine (mg/dl) 0.96 0.14 0.97 0.17 0.566

Na (meq/l) 137.60 3.27 136.30 4.06 0.026

K (meq/l) 3.99 0.36 4.04 0.32 0.295

Ca (mg/dl) 8.91 0.47 8.85 0.57 0.418

P (mg/dl) 3.32 0.51 3.35 0.48 0.719

TA B L E  1   Baseline characteristics of 
the intervention (vitamin D) and control 
(placebo) groups

TA B L E  2   Effect of vitamin D supplementation versus placebo 
on systolic and diastolic blood pressure using change score analysis 
adjusted for sex, age group, body mass index, fasting blood sugar 
(FBS), and serum cholesterol level

Placebo group Vitamin D group

Blood pressure 
(mmHg) Mean SD Mean SD P-value

Systolic blood 
pressure at 
baseline

149.45 14.34 152.93 16.42 0.233

Diastolic blood 
pressure at 
baseline

87.50 8.72 87.37 9.38 0.843

Systolic blood 
pressure at 
1st month

138.37 12.05 134.93 13.16 0.003

Diastolic blood 
pressure at 
1st month

83.78 6.86 82.06 5.76 0.053

Systolic blood 
pressure at 
2nd month

130.97 12.82 127.65 13.38 0.037

Diastolic blood 
pressure at 
2nd month

80.40 6.50 80.51 5.22 0.740

Vitamin D  
(ng/ml) at 
2nd month

15.86 10.31 35.21 12.21 0.001
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In a study on 23 heart failure patients with 25(OH)D deficiency 
(<30 ng/mL), Dalbeni et al. showed that systolic blood pressure de-
creased significantly in the group receiving 4,000 units of vitamin 
D per day for 6 months (129.6-122.7) compared with the placebo 
group 28. Wang et al. administered 1 µg oral paricalcitol for 52 weeks 
to 62 patients with chronic kidney disease and found a decrease of 
4.49 mmHg in systolic blood pressure in the vitamin D supplemen-
tation group and of 3.03 mmHg in the placebo receiving group 29.

A meta-analysis performed by He and Hao showed that oral 
intake of vitamin D had no significant effect on blood pressure in 

vitamin D–deficient normotensive individuals, but it decreased sys-
tolic blood pressure in patients over 50 years and obese patients. 
Supplementation of vitamin D lowers diastolic and systolic blood 
pressure in people with hypertension and vitamin D deficiency 30.

Several investigations have been carried out to explain the pos-
sible mechanism of vitamin D deficiency-induced hypertension. 
There are currently three theories. First, animal studies have shown 
increased production of renin and angiotensin II in mice lacking vita-
min D receptors 31,32. Second, vitamin D deficiency can lead to hy-
perparathyroidism; serum levels of 25(OH)D and parathormone are 

Placebo
Vitamin D
1000U

Vitamin D
50,000U

Blood pressure 
(mmHg) Mean SD Mean SD Mean SD P-value

Systolic blood 
pressure at 
baseline

149.45 14.34 145.55 15.80 157.29 15.29 0.001

Diastolic blood 
pressure at 
baseline

87.50 8.72 85.55 9.69 88.44 9.10 0.424

Systolic blood 
pressure at 1st 
month

138.37 12.05 131.91 4.12 136.72 2.34 0.012

Diastolic blood 
pressure at 1st 
month

83.78 6.86 81.38 6.16 82.45 5.52 0.157

Systolic blood 
pressure at 2nd 
month

130.97 12.82 125.63 12.06 128.85 14.06 0.107

Diastolic blood 
pressure at 2nd 
month

80.40 6.50 79.58 6.36 81.06 4.38 0.146

Vitamin D (ng/
ml) at 2nd 
month

15.86 10.31 34.10 11.74 35.87 12.52 0.001

TA B L E  3   Effect of various doses of 
vitamin D supplementation versus placebo 
on systolic and diastolic blood pressure 
using change score analysis adjusted for 
sex, age group, and body mass index

F I G U R E  2   Effect of vitamin D 
supplementation versus placebo on 
systolic and diastolic blood pressure
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inversely correlated so that elevated levels of parathormone lead to 
hypertension 33. Third, vitamin D deficiency leads to vascular endo-
thelial dysfunction. Studies have shown that 1,25 dihydroxy vitamin 
D [1,25(OH)2 D] reduces the deleterious effects of advanced glyca-
tion end product on the endothelium 34,35. Furthermore, vitamin D 
improves the activity of the nitric acid system and reduces inflam-
matory and atherosclerotic factors, and its deficiency is a risk factor 
for hypertension 36.

Jablonski et al. investigated the association of vitamin D defi-
ciency with endothelium-dependent vasodilatation by measuring 
flow-dependent vasodilatation. They concluded that vitamin D defi-
ciency can impair endothelial cell function 37.

There were a few limitations and potential biases in this trial as 
follows. Patients were enrolled in the study from a single-center 
study. This issue may raise the possibility of selection bias. In this 
study, loss to follow-up was nearly 18%. The most common rea-
sons for loss to follow-up were being unreachable due to change 
of address or immigration, refusal of follow-up, treatment discon-
tinuation, and non-compliance to adhere to the study protocol. If 
dropouts had not occurred, the difference between the trial groups 
could be indicated more clearly with less possibility of random error. 
The relative short-term period is another obstacle to our study. Also, 
our study sample included patients who were vitamin D deficient or 
insufficient; therefore, our results may not be generalizable to hy-
pertensive patients with normal serum vitamin D levels. Despite its 
limitations, this trial was able to efficiently assess and compare the 
efficacy of vitamin D supplementation for the treatment of primary 
hypertension.

5  | Conclusions

The results of this trial are suggestive of the potential benefits of 
vitamin D supplementation on blood pressure end points. Therefore, 
the use of vitamin D supplementation may be taken into considera-
tion in the treatment of essential hypertension in patients with vita-
min D deficiency because it is safe and well-tolerated by the patients 
and can significantly reduce the systolic and diastolic blood pressure 
and help patients return to normal serum vitamin D levels.
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