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Abstract
Introduction: Prevalence of vitamin D deficiency among patients with kidney failure is
about 70 to 80 percent. Among the main controversies in the field of patients with kidney
failure is the relationship between vitamin D deficiency and prevalence and natural
course of hypertension. Many studies have been conducted on the relationship between
vitamin D levels and hypertension, but they have mostly been inconclusive and have
generated inconsistent results. Materials and methods: This cross-sectional study was
conducted on 120 patients with dialysis in three dialysis centers in Tehran, Iran. Vitamin
D levels were measured by dialysis centers every three months for a year. Also, the centers
recorded blood pressure after each dialysis session. These measurements were collected
and their means for each patient were calculated and analyzed by backward multivariate
linear regression in order to determine the association between blood pressure and levels
of vitamin D. Besides, during the study, data on other confounding factors such as age,
sex, weight, and so on were gathered. Levels of calcium, phosphorus, and PTH were also
measured. A previously prepared checklist was used by the nurses in order to record
patient data. Results: In this cross-sectional study, 101 dialysis patients were assessed,
of which 45 were female and 56 were male. The mean age of the patients was 60 years.
55.6% of the patients had vitamin D deficiency (vitamin D <30 ng/ml). After entering and
analyzing data, the serum level of vitamin D had a significant association with diastolic
blood pressure, and Pearson correlation coefficient between diastolic blood pressure
and serum levels of vitamin D was statistically significant (p<0.002). Conclusion: In this
observational study, a significant linear association was found between serum levels of
vitamin D and diastolic blood pressure in patients with dialysis. It seems that vitamin D
levels had a negative association with diastolic blood pressure in those patients.
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Introduction
Cardiovascular complications are the most common cause of
death in dialysis patients. The most important cardiovascular
complication in this group of patients is hypertension. [1] A
cohort study on 2535 dialysis patients from United States
revealed that the prevalence of hypertension was 86%, and
despite using anti-hypertensive medications by 76% of patients,
the rate of controlled-hypertension in this study was only 30%.
[2]
Although there is no accurate record on the prevalence of
hypertension among Iranian dialysis patients, considering this
remarkable evidence from the United States population, it is
expected that hypertension contributes significantly too among
dialysis patients in the Iranian population. Therefore, more
detailed knowledge of the factors related to controlling blood
pressure among dialysis patients in Iran is urgently needed.
One of these factors that have been raised in the last decade
is the concentration of vitamin D in dialysis patients. More
than one billion people in the world have vitamin D deficiency
[3]
and the prevalence of vitamin D deficiency among patients
with kidney failure is about 70 to 80 percent. [4,5] Although there
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are no strict national figures regarding this issue in Iran, the
present literature suggest that this country is no exception and
that vitamin D deficiency is a serious health challenge in Iran.
Many studies have been conducted on the relationship between
vitamin D levels and hypertension, but they have mostly been
inconclusive and have generated inconsistent results.
In this regard, in the study conducted by Lu Wang et al. in 2008
on 28886 women aged over 45 years, there was a negative
correlation between vitamin D levels and hypertension. [6]
Similar results have been found between low levels of vitamin
D and high blood pressure in a meta-analysis study conducted
by Anand Vaidya et al. [7] However; in study by Kashani et
al. which assessed 251 Tehranian adults could not find any
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relationship between levels of vitamin D and hypertension.
[8]
Besides, McMullan et al. in 2017 observed that vitamin D
modification could not improve hypertension control among
84 patients. [9] Due to above-mentioned controversy, as well as
the lack of sufficient evidence in Iranian population, we aimed
to assess the association of vitamin D levels with hypertension
among patients with dialysis.

patient data (Appendix 1). Patients who had the following
criteria were excluded from the study:
•

Patients who did not have compliance with medication and
did not use the anti-hypertensive drug regularly.

•

Patients who did not undergo dialysis regularly (less than 3
times per week) or did not have adequate dialysis, and were
clinically edematous even post-dialysis.

•

Patients who were admitted to hospital during the study due
to the manifestation of disease including, but not limited to,
cardiovascular events and infections.

•

After one year of follow-up, out of 120 patients ultimately
101 individuals remained and were included in the final
analysis [Figure 1].

Materials and Methods
This cross-sectional study was conducted on 120 patients with
dialysis in three dialysis centers in Tehran. Patients were included
in the study whose renal failure was confirmed and had been
dialyzed for at least three months at the time of assessment. The
study was observational and no intervention in the treatment or
prescribed vitamin D supplementation was performed. Vitamin
D levels that were measured by dialysis centers every three
months for a year by a kit provided by an Immunodiagnostics
kit Monobind Co., Tehran, Iran. As Also, the centers recorded
blood pressure after each dialysis session was collected and
their means for each patient were calculated and analyzed by
the SPSS Software, version 25. To determine the regression
equation for prediction of diastolic blood pressure, backward
multivariate linear regression was used. This test was performed
in 7 steps, and the variables that remained after the 7th step were
included in the results.
Besides, during the study, data on other confounding factors
such as age, sex, weight, and so on were gathered by dialysis
nurses. Levels of calcium, phosphorus (Bionic Co, Tehran,
Iran), and PTH (ECL kit provided by Akbarieh Co., Tehran,
Iran) were also measured. In order to standardize and minimize
the variation between centers, the same make and model of the
digital device was used to record blood pressure. All blood tests
were performed by Loghman Hospital laboratory. A previously
prepared checklist was used by the nurses in order to record

Results
In this cross-sectional study, 101 dialysis patients were
assessed, of which 45 were female and 56 were male. The
mean age of the patients was 60 years. The mean and standard
deviation of measured variables are shown in Table 1. 55.6% of
the patients had vitamin D deficiency (vitamin D <30 ng/ml).
After entering and analyzing data, the serum level of vitamin D
had a significant association with diastolic blood pressure, and
Pearson correlation coefficient between diastolic blood pressure
and serum levels of vitamin D was statistically significant
(p<0.002).
To determine the relationship between diastolic blood pressure
and vitamin D levels, backward multivariate linear regression
was used as mentioned in the methods section. After the 7th
step of the regression model, vitamin D was the only variable
that had a statistical significance. In all seven steps, the whole

Figure 1: Flow diagram of study.
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Figure 2: Linear relation between vitamin D and diastolic blood pressure.
Table 1: Mean and standard deviation of variables.
Diastolic
Systolic blood
Variables
blood
pressure
pressure
Valid
101
101
N
Missing
0
0
Mean
120.6
80.2
Std. Deviation
17.2
14.3
Minimum
80
50
Maximum
170
120

weight

Age

Vitamin D
level

100
1
69
14.1
32
110

101
0
60.2
14.3
19
84

99
2
30.8
20.4
4.5
126.0

Weight gain between
two dialysis
sessions
100
1
3.4
11.4
.0
117

Ca

P

PTH

101
0
8.7
0.9
6.2
11.2

93
8
4.8
0.9
2.7
7.8

99
2
527.2
489.7
12.5
2020.0

Table 2: Summary of clinical trial.
Study

Effect on Blood
Pressure

Dose

Orwoll et al. [13]

65

1000 IU/d

3y

Not given

Not given

Null

Pan et al. [14]

58

200 IU/d

11 wk

24 ng/mL

Not given

Null

[15]

189

100 000 IUX1

5 wk

13 ng/mL

7 ng/mL

Null

Pfeifer et al. [16]

148

800 IU/d

8 wk

10 ng/mL

12 ng/mL

Decrease

Schleithoff et al. [17]

93

10 000 IU/d

15 mo

15 ng/mL

27 ng/mL

Null

Major et al. [18]

63

400 IU/d

15 wk

Not given

Not given

Null

Sugden et al. [19]

34

100 000 IUX1

8 wk

15 ng/mL

9 ng/mL

Decrease

Margolis et al. [20]

36 282

400 IU/d

7y

19 ng/mL

Not given

Null

Zittermann et al. [21]

165

16 600 IU/d

1y

12 ng/mL

22 ng/mL

Null

Daly et al. [22]

140

800 IU/d

2y

Not given

Not given

Null

Jorde et al. [23]

32

40 000 IU/wX24

6 mo

24 ng/mL

23 ng/mL

Null

Nagpal et al. [24]

71

120 000 IUX3

6 wk

13 ng/mL

14 ng/mL

Null

438

20 000 or 40 000/w

1y

23 ng/mL

17–32 ng/mL

Null

Scragg et al.

Jorde et al.

[25]

Duration

Baseline 25(OH) Change in 25(OH)
D
D

N

model had statistical validation (p<0.05).Variables such as
weight in step 2, age in step 3, calcium in step 4, PTH in step 5,
weight gain between dialysis in step 6, and phosphorus in step
7 were not statistically analyzed due to meaningfulness. The
relationship between the level of vitamin D and diastolic blood
pressure is presented in Figure 2.

Discussion
Over 25 years, biological mechanisms have investigated the
relationship between vitamin D deficiency and blood pressure,
and it has shown that vitamin D, through the renin-angiotensin
system, could affect intracellular calcium in the smooth muscle

of the ventricular septum. [7] More than 20 large cross-sectional
studies have been conducted on the association of serum vitamin
D levels with blood pressure and most of them have indicated
that low levels of vitamin D are associated with high blood
pressure. [9-11] However, two major studies have not been able
to find an association between vitamin D levels and risk of high
blood pressure. Some cohort studies presented similar results
and showed that the blood pressure in patients with vitamin D
levels >30 was lower than in those with vitamin D levels <15. [12]
However, contrary to the observational studies, clinical
controlled trials were not able to show the desirable effect
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of vitamin D intervention on reducing the blood pressure. A
summary of these studies are presented in the following Table 2.
[13-25]
Despite vitamin D supplementation, most of these studies
was not able to achieve enough vitamin D levels and did not
measure the change in vitamin D status. However, it is possible
that vitamin D deficiency is a sign of an underlying disorder
leading to, rather than a direct “cause” of, high DBP. Consistent
with this, even a meta-analysis that included 9 to 12 studies
mentioned in Table 2 could not prove the therapeutic effect of
vitamin D on hypertension. [26]
Despite the controversy among observational and interventional
studies on the relationship between vitamin D and blood
pressure, studies in this area are very limited in Iran. One
comprehensive study performed at Shahid Beheshti University
of Medical Sciences in 2003 showed that, contrary to other
studies, there was no relationship between serum vitamin D
levels and hypertension in people aged >40 years who live in
the eastern part of Tehran. [8]
Regarding the association of vitamin D levels with hypertension
in patients with renal failure, the evidence is even less. Given
the high prevalence of hypertension in patients with dialysis and
presence of other risk factors for hypertension in these patients,
elucidating the potential effects of a variable such as vitamin D
on the pathogenesis of hypertension will be significantly more
challenging. [27]
Initially, it seems that because of impaired activity of 1-alphahydroxylase in kidney of patients with renal failure, prescription
of 25-hydroxy vitamin D is not required when the active form
of vitamin D is used. While, the 1-alpha-hydroxylase enzyme
is also found outside the kidney and its activity is preserved
even in non-renal patients. [28] In addition, the beneficial effects
of vitamin D on dialysis patients have been described in recent
years. For instance, vitamin D levels in dialysis patients were
associated with muscle strength. [29] It has also been observed
that serum levels of 25-hydroxy vitamin D are predictors of
mortality in patients with chronic kidney disease, so that some
studies have recommended maintaining a level of vitamin D of
40 to 80 ng/ml instead of 30 ng/ml. [30,31] Besides, it has been
proven in clinical studies that oral vitamin D supplementation
is safe in hemodialysis patients and does not significantly alter
serum concentration of calcium, phosphorus and parathyroid
hormone. [32]
In our study, more than 50% of dialysis patients suffered
from vitamin D deficiency; according to previous studies, this
prevalence was not too far from expectation. Also a significant
relationship between vitamin D and diastolic blood pressure
was detected. Although, as expected, due to the limitations of
observational studies, the contribution of the ability to predict
diastolic blood pressure in the linear regression equation for
vitamin D is not significant, and this might be because of the lack
of including moderator confounding factors for analysis. Similar
to the Ishir Bayhan et al. and Tehran Study, the current study
found no significant correlation between vitamin D, calcium,

phosphorus, and PTH and similar to Tehran Study, we did not
find any significant correlation between calcium, phosphorus,
and PTH levels with systolic or diastolic blood pressure. The
inconsistency in the results of observational studies on the
association of vitamin D levels and blood pressure can be
attributed to several factors. For example, in the Tehran Study
[8]
the definition of vitamin D deficiency was >20 ng/ml, which
is different to our study and another study with similar finding,
or in the Amsterdam study [33] one third of patients were taking
anti-hypertensive drugs, which can hide the effects of vitamin
D. However, taking anti-hypertensive medications among
patients with vitamin D levels > 30 ng/ml were 33% less likely
compared to those with vitamin D > 10. In addition, in the study
by Raco-Bernardo et al. conducted in Southern California, 98%
of the population had normal levels of vitamin D. [34]
Therefore, considering these limitations, it can be concluded
that in most observational studies, including ours, there is a
significant relationship between the levels of vitamin D and
blood pressure.

Conclusion
In this observational study, a significant linear association was
found between serum levels of vitamin D and diastolic blood
pressure in patients with dialysis. It seems that vitamin D levels
had a negative association with diastolic blood pressure in those
patients.

Limitations
Although we have tried to adjust confounding factors through
following patients for one year, choosing more patients under
analysis, and removing unstable patients, the nature of this
observational study may have led to some limitation, and we
would not be able to consider all of the confounders during the
study. As a result, the contribution of the regression equation to
predict diastolic blood pressure was low.
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