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ABSTRACT

Introduction: Hypertension or high blood pressure is one of
the main reasons of fatality in the world. The role of vitamin
D in developing hypertension has not been proved yet. Some
studies have shown positive correlation between low serum
vitamin D level and hypertension. Due to this fact, recognising
hypertension risk factors such as potential impact of low serum
vitamin D level seems to be required.

Aim: This study was conducted to evaluate potential impact of
serum vitamin D level on hypertension.

Materials and Methods: This case-control study had 188
subjects including 55 cases suffering from hypertension and
133 controls with normal blood pressure in Hamadan, Iran. After
taking the medical history and physical examination, 5 cc of their
blood was taken to measure their serum 25-Hydroxyvitamin D
[25(0OH)D] level through ELISA test. Data analysis was done by
version 16.0 of SPSS software and used independent sample
t-test and Chi-square test for related comparisons.
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Results: Mean and standard deviation of serum 25(0OH)D level
in patients suffering from hypertension was 13.10+9.7 ng/ml
and in control group was 20.87+10.34 ng/ml. This variance was
statistically significant (p<0.001). Mean serum 25(0OH)D level
in both case and control groups was measured after gender
and age stratification. Mean serum 25(OH)D level in cases
and controls was 13.12+11.4 ng/ml and 21.38+11.47 ng/ml in
males (p=0.016) and 13.10+9.91 ng/ml and 19.19+10.55 ng/ml
(p=0.004) in females, respectively. Mean serum 25(0OH)D level in
under 50-year-old was 10.82+8.73 ng/ml and 20.07+11.17 ng/
ml in cases and controls respectively (p<0.001). In over 50-year-
old, there was no significant relationship between mean serum
25(0OH)D and blood pressure levels (p>0.05).

Conclusion: According to this study, reverse relationship
between serum 25(0OH)D and blood pressure levels was seen.
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INTRODUCTION

According to statistics, one third of the US adult population
(75 million people) and one billion people all over the world are
suffering from hypertension [1]. According to a systematic review,
hypertension prevalence is estimated to be about 23% and 50%
in 30-55-year-old and over 55-year-old Iranians, respectively [2].
Hypertension or high blood pressure is considered as the main
reason of fatality in the world, the most common reason of visiting
physicians, and the simplest treatable and recognisable risk factor
for diseases such as Cerebrovascular Accident (CVA), Myocardial
Infarction (MI), Congestive Heart Failure (CHF), Peripheral Arterial
Disease (PAD), Atrial Fibrillation (AF), and End Stage Renal Disease
(ESRD) [1,3,4]. Despite reliable documents demonstrating the fact
that medical therapy of hypertension will dramatically decrease the
fatality, hypertension remains poorly controlled and is becoming
more prevalent in both developed and developing countries [5,6].
Therefore, hypertension is considered as one of the main public
health issues [1].

Hypertension affects more than 40% of US African-Americans;
however, only 25% of white Americans have such a problem. African-
Americans develop more severe and earlier hypertension, therefore,
target organs involvement, and consequently premature disability
and death is higher among them [3,7,8]. Vitamin D deficiency is
associated with cardiovascular diseases such as Coronary Artery
Disease (CAD), heart failure and hypertension [9].

[t can be concluded that lower ultraviolet absorption and the
consequent decline of skin's ability in vitamin D synthesis is related
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to blood pressure changes. The mechanism by which vitamin D
may regulate blood pressure is not firmly established. Initial studies
by LiY etal., and Li YC et al., suggested that vitamin D is a negative
regulator of renin [10,11]. Some studies show that there is an
association between vitamin D deficiency with augmented Renin
—Angiotensin—Aldosterone System (RAAS) activity in humans, so
there is an inverse correlation between Plasma Renin Activity (PRA)
and 1,25(0H),D [12,13], also the effect of improving endothelial
function and the prevention of secondary hyperparathyroidism is
being considered [14].

This case-control study was designed to show the relation of serum
vitamin D level and hypertension in Hamadan, Iran.

MATERIALS AND METHODS

This case-control study has been performed on 55 admitted patients
suffering from hypertension as first presented to cardiovascular
clinic of Ekbatan Hospital, Hamadan from January 2015 to January
2016. Sample size was calculated based on mean and standard
deviation of vitamin D in hypertensive and normotensive groups
according to previous study [15]. We considered 133 normotensive
participants as control group (about 2-3 controls for each case) due
to high prevalence of vitamin D deficiency in normal Iranian general
population to improve our study power. Inclusion criteria for cases
were people older than 18 years ranging from 25 to 89 years who
were not under treatment for vitamin D deficiency and who were
taking calcium supplements. People with diseases and medications
which affect vitamin D and calcium absorption, pregnant women



Behshad Naghshtabrizi et al., Relationship Between Serum 25-Hydroxy Vitamin D and Hypertension

and secondary hypertensives were excluded from this study.
Control group included 133 volunteers without hypertension or any
other disease that affect vitamin D absorption and metabolism. Both
groups were approximately alike in terms of age, gender, season
referred, socioeconomic status (family income per month) and body
mass amount.

In order to rule out secondary hypertension effects, medical history
was taken and physical examination was done. Based on clinical
suspicion, para clinical tests including complete blood count,
erythrocyte sedimentation rate, serum electrolytes, serum calcium,
lipid profiles, serum blood sugar, serum thyroid stimulation hormone
and urinalysis were done and secondary hypertension was ruled
out. After explaining the study and getting written consent, patients'
blood pressure was measured by Richter digital sphygmomanometer
(German) considering standards of blood pressure measurement
[16]. High blood pressure was considered when systolic and
diastolic blood pressure was greater than 140 and 90 mmHg in all
ages respectively. Their weight was measured by Prelchin digital
scale (ltalian) with an accuracy of 0.1 kg (fasting status), and their
height was measured based on standards by Stature meter 2M
(Chinese). A 5 cc of their blood was drawn and its serum was
separated. Serum vitamin D level was measured by Elisa method
at a temperature of -20°C in the laboratory. One member of the
team designed the questionnaire including personal information,
blood pressure level, height, weight and the serum vitamin D level,
which was completed for each patient. BMI calculated via weight
(kilogram)/height (meter?) formula. The same was performed on
control group. Eventually, the data was stratified and analysed by
version 16.0 of SPSS software using independent sample t-test and
Chi-square test for related comparisons.

RESULTS

A total of 188 individuals were studied in this study in which 55
(29%) were hypertensive cases and 133 (71%) were in the control
group. In total, 49 individuals (26%) were males and 139 (74 %) were
females aging from 25 to 89 years. Mean and standard deviation of
patients age (suffering from hypertension) was 50.20+10.86 years,
and of the controls was 48.8+13.23 years which did not show any
significant difference (p=0.23). Other baseline characteristics of the
two groups are shown in [Table/Fig-1].

Group Case (55) Control (133) p-value
Age (years) mean+SD 50.2 +10.86 48.8 +13.23 0.23
Gender
Males 22 (40%) 27 (20.3%)
Females 33 (60%) 106 (79.7%) o
Season referred
Spring and summer 35 (63.6%) 92 (69.17%)
Autumn and winter 20 (36.4%) 41 (30.83) 015

Socioeconomic status

Mean family income 489 (Dollar/month)

512 (Dollar/month) 0.18

[Table/Fig-1]: Baseline characteristics of the case and control groups.
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Group Case Control p-value
Serum vitamin D (ng/ml) mean+SD 13.10£9.7 20.87+10.34 0.000

[Table/Fig-3]: Mean serum vitamin D level in hypertensive and control group.

Mean Vitamin D
Gender Group serum level SD p-value
(ng/ml)
Males Case (n=22) 13.12 11.14
(n=49) 0.016
Control (n=27) 21.38 11.47
Females Case (n=33) 13.10 9.91
(n=139) 0.004
Control (n=106) 19.19 10.55

[Table/Fig-4]: Serum vitamin D level according to gender.

Mean Vitamin D
Age Cliop serum level (ng/ml) a0 PElle
Under 50-year-old Case (n=23) 10.82 8.73
=136 <0.001
(n=136) Control (1=113) 20.07 1117
Over 50-year-old Case (n=32) 14.75 11.12
—52 0.391
(n=52) Control (n=20) 17.21 7.64

[Table/Fig-5]: Serum vitamin D level according to age.

Vitamin D distribution was investigated through Q-Q Plot visual
graph and Kolmogorov-Smirnov test in both the groups [Table/
Fig-2]. Mean serum vitamin D level was measured in both case and
control groups through t-test after making sure of its normality.

Cases (hypertensive group) had a lower serum vitamin D level.
Mean and standard deviation of serum vitamin D level in cases was
13.10+£9.7 ng/ml and in controls was 20.87+10.34 ng/ml. Mean
difference of serum vitamin D in two groups with 95% confidence
level was statistically significant (p<0.001) [Table/Fig-3].

After adjusting for gender, mean serum vitamin D in men was
13.12+11.14 ng/ml and 21.38+11.47 ng/ml in cases and controls,
respectively. This variance among males was statistically significant
(p=0.016). In women, mean serum vitamin D was 13.10+9.91 ng/
ml in cases and 19.19+10.55 ng/ml in controls. This variance was
statistically significant as well (p=0.004) [Table/Fig-4].

After age stratification, mean serum vitamin D level was 10.82+8.73
ng/ml in less than 50-year-old members of case group and
20.07+11.17 ng/ml in control group. This variance among less
than 50-year-old people was statistically significant (p< 0.001).
Mean serum vitamin D level in over 50-year-old people in case and
control groups was 14.75+11.12 ng/ml and 17.21+£7.64 ng/ml,
respectively. This variance was not statistically significant (p=0.391)
[Table/Fig-5].

DISCUSSION

Our study showed significant difference between serum vitamin D
level in hypertensive and normotensive participants.

Kota SK et al., showed systolic blood pressure, diastolic blood
pressure and mean arterial blood pressure had increased among
people with vitamin D deficiency and suggested that vitamin D
deficiency is accompanied by Renin-Angiotensin-Aldosterone
System activity (RAAS) [17].

Jorde R et al., showed that there is a relation between low serum
vitamin D level and hypertension, although prescribing vitamin D
could not prevent future hypertension [18]. Results of Jorde R et
al., study, in terms of the relation between vitamin D deficiency and
hypertension occurrence are the same as present study. According
to Forman JP et al., serum 25(0OH)D level has a reverse relation with
hypertension development risk [15]. Caro Y et al., concluded that
serum 25(0OH)D level does not have any significant statistical relation
with blood pressure [19].

It was demonstrated in a study done by Li L et al., that serum
vitamin D and PTH levels have no significant relationship with blood
pressure level or hypertension risk among Chinese people [20].
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Kashi Z et al., showed no significant relationship between blood
pressure, serum 25(0OH)D, calcium and parathyroid hormone levels
[21].

In our study, the variance of average level of serum 25(0OH)D in the
people suffering from hypertension and healthy people was significant
(p<0.001); in other words, the average level of serum vitamin D
level in healthy people was significantly more than people suffering
from hypertension. Present study findings were in accordance with
the results of Forman JP et al., Kota SK et al., and Jorde R et al.,
[15,17,18], however, our results had nothing in common with Caro
Y et al., Li L et al., and Kashi Z et al., studies [19-21]. A significant
relationship between 25(0OH)D serum level and blood pressure
in both males (p=0.016) and females (p=0.004) was found after
gender stratification. Although when results were evaluated after
age stratification, there existed a significant relationship between
serum 25(0OH)D and blood pressure levels in under 50 year-old
group only (p<0.001). This relation was not significant in over 50-
year-old group (p=0.391).

There is a controversy among the studies on the role of the serum
vitamin D as a supplement to prevent or treat hypertension. It seems
that vitamin D and blood pressure levels have inverse relationship.
Unknown factors may play a role on relation between serum vitamin
D and blood pressure levels especially in old ages.

Judd S et al., have reported a 9% decrease in mean systolic blood
pressure in hypertensive patients who received calcitriol compared
to placebo group [22]. As Snijder MB has reported in his study,
vitamin D mechanism impact on blood pressure may be indirect
based on its role in parathyroid hormone performance [16]. Further
studies with more samples are required in which all possible factors
are taken into account.

LIMITATION

This study has some limitation. Animportant limitation in this research
was about sample size and disproportionate number of female and
male participants in the study. Another limitation is regarding the
use of convenient sampling method to collect data in cases and
controls. Consequently, the sample may not be representative of
the actual hypertensive and normotensive population.

CONCLUSION

Considering the significant difference in serum vitamin D level
between hypertensive and normotensive participants, it is suggested
that serum 25(0OH)D is inversely associated with blood pressure, so
recognising people with vitamin D deficiency is imperative.
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