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ARTICLE INFO

ABSTRACT

ORIGINAL ARTICLE

Background: Health benefits of vitamin D has been proved by a large number
of studies, however, to the best of our knowledge there has been no study
investigating the effect of mega dose of vitamin D on gestational diabetes
mellitus (GDM). This study was the first to assess the effect of postpartum
injection of mega dose of vitamin D on blood pressure (BP) in GDM. Methods:
This is a randomized controlled clinical trial conducted on 58 pregnant women
suffering from GDM who were randomly assigned into control (CG, n = 24) and
intervention group (IG, n = 24). Patients in intervention group (IG) received an
intramuscular injection of 300,000 IU of vitamin D. BP, Serum concentration of
25 (OH) D3, parathyroid hormone (PTH), calcium, phosphor, diastolic (DBP)
and systolic blood pressure (SBP) were measured at the baseline and after 3
months. Results: Mega dose supplementation resulted in increased serum
25-hydroxy vitamin D concentrations in IG compared with the CG (62.10 nmol/l
compared with 24.10 nmol/l, P < 0.001). Additionally, injection of vitamin D
significantly reduced SBP (98.1 ± 9.0 mmHg compared with 106.9 ± 15.9
mmHg, P = 0.02) and slightly decreased DBP but it was not statistically
significant (63.3 ± 1.5 mmHg compared with 73.6 ± 10.3 mmHg, P = 0.13).
Serum PTH significantly decrease after intervention in IG compared with CG
(2.88 ± 1.60 pmol/l compared with 4.78 ± 2.4 pmol/l P = 0.003). Conclusions:
This study strongly improved vitamin D status in women with GDM and
consequently confirmed the efficacy of a mega dose of vitamin D injection on
decreasing of BP.
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Introduction

G

estational diabetes mellitus (GDM) is the most
common metabolic problem in pregnant
women and is defined as any abnormal glucose
tolerance for the first recognition during
pregnancy. 1-14% of all pregnant women suffer

from GDM and its incidence increases in
pregnancy (American Diabetes Association, 2009,
2009, Carpenter and Coustan, 1982, Sibai and
Ross, 2010). The prevalence of vitamin D
deficiency was about 82% in women with GDM in
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India as a large population country of Asia (Sachan
et al., 2005).
Vitamin D in the body is derived from dietary
intake and endogenous production in the skin under
the sunlight (Holick, 2004, Lips, 2001). It has
become deeply entrenched to improved bone health
and calcification in literature, but recent studies
have shown that vitamin D receptors exist on a very
wide range of tissues, including the endothelium
and the myocardium (Yuan et al., 2007). So, it was
demonstrated that vitamin D has many endocrine
and physiological roles other than bone health.
Prevalence of this vitamin in Iran was 86%
among pregnant women independent of their
clothing type or exposure to the sunlight which is
maybe because of low intake of vitamin D sources
in their diet (Hashemipour et al., 2004, Kazemi et
al., 2009). Maternal serum of 25-(OH) D correlated
positively with cord blood 25-(OH)D (Sachan et al.,
2005) that has been represented as 75% among the
newborns (Kazemi et al., 2009). Another study
even reported that each 5 ng/ml decrease in 25(OH)D concentrations is associated with a 1.29-fold
increase in GDM risk (Zhang et al., 2008).
Researchers showed that the relation between
GDM and high blood pressure (BP) is a two way
relationship (Conen et al., 2007, Lauenborg et al.,
2005). The association between poor vitamin D
status and hypertension could potentially be
mediated by elevated parathyroid hormone (PTH)
levels. Elevated PTH levels were associated with
high BP and hypertension in several studies
(Brickman et al., 1990, Jorde et al., 2000, Jorde et
al., 2005, Morfis et al., 1997, Resnick et al., 1986,
Young et al., 1990).
Additionally, a relation was suggested between
vitamin D deficiency and hypertension as one of the
metabolic syndrome components (Boucher, 1998).
Much evidence from epidemiological and clinical
studies in the last decades has suggested a connection
between vitamin D and BP. Some descriptive studies
showed that low concentration of 25-(OH)D is
related with higher BP with a greater chance of
developing hypertension in the future (Forman et
al., 2008, Scragg et al., 2007) , increased mortality,
and higher rates of cardiovascular events (Wang et
118

al., 2008b). Also, vitamin D and calcium
supplementation have been shown to decrease BP
(Pfeifer et al., 2001). Seasonal variations in BP have
been reported in temperate climates, with higher BP
in winter (low UV irradiation) than in summer (high
UV irradiation) (Li et al., 2004). Results of the
association between vitamin D status and BP,
however, may have been inconsistent due to study
design and type of vitamin D supplementation. For
instance, a study of elderly women showed no
significant relationship between vitamin D and BP.
Also a systematic review of clinical trials showed
no relation between this vitamin and BP in normal
dose (Beveridge et al., 2015, Pfeifer et al., 2001).
To our knowledge there is not any data
about the effect of mega dose of vitamin D
supplementation on BP in women with GDM.
These patients have their own problems such as
high blood glucose which is significantly and
inversely associated with serum 25-(OH)D
concentration (Clifton Bligh et al., 2008). Thus,
this study was undertaken to investigate the effect
of the injection of a mega dose of vitamin D on BP
among GDM.

Materials and Methods
Design and Population: This is a randomized
clinical trial with a 3-month follow-up of GDM
patients post-partum vitamin D supplementation
(n = 45) GDM was diagnosed in 24-28 weeks of
gestation on the basis of Carpenter and Coustan
criteria (Carpenter and Coustan, 1982). Patients
were selected among pregnant women affected by
GDM for the first time during their recent
pregnancy. Inclusion criteria were lack of thyroid,
renal and hepatic diseases, and absence of mal
absorption. They were randomly assigned into
intervention (IG) and control group (CG). IG
patients received one intramuscular injection of
300,000 IU of vitamin D.
Participants were asked to refer to the Yazd
Diabetes Research Centre in Shahid Sadoughi
University of Medical Sciences (SSUMS). Mothers
and infants visited the center 3-10 days after the
child delivery for recording anthropometric
measurements and the project started.
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Measurements: The patients' weight was
measured by Seca scale (Germany Seca) with the
accuracy of 0.1 kg. In addition, we interviewed
mothers asking about information such as age,
literacy level, occupation, type of GDM treatment,
type of delivery, and type of feeding, then their
information were recorded in some questionnaires
for further analysis. BP was measured twice in left
arm by Mercury sphygmomanometers (Japan;
Panasonic) and the mean value of the two readings
was calculated while patients were in relaxing
position. Moreover, patients were asked not to
change their normal diet.
According to American Heart Association’s
criteria normal BP for systolic blood pressure (SBP)
was less than 120 mmHg and less than 80 mmHg
for diastolic blood pressure (DBP). While,
prehypertension was defined as 120–139 mmHg for
SBP and/or 80–89 mmHg for DBP, and at least 140
mmHg for SBP or 90 mmHg for DBP was called
hypertension (Li et al., 2002).
The serum 25-(OH)D3 was measured by
ELISA and kit of immunodiagnostic systems
Ltd Nyco card equipment (Nyco corporation,
Norway) and with the sensitivity of 2 nmol/ml.
PTH was also measured by ELISA and
immunodiagnostic systems Ltd (Italy; IDS Ltd) as
well as sensitivity of 0.6 picomol/l. The serum
calcium and phosphor were measured by
colorimetric method by AutoAnalyzer (Echoplus
Corporation, Italy) and Biosystems kit (Spain;
Barcelona; Biosystems).
Administration dose and Follow-up: Vitamin D
supplements injection was made by Iran Hormon
Corp (Iran, Tehran). Ampoules were kept away
from light or frost at 15-30 °C. 12 weeks after
vitamin D injection, blood sampling was repeated
and the same variables were examined in the same
way as for the baseline samples.
Ethical Considerations: The patients freely
volunteered to participate in this study and could
withdraw from the study whenever they wished.
Written informed consent was obtained from each
subject before and after the study, after the study
proposal had been approved and confirmed by
Ethics-in-Research Commission in SSUMS. Also
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this work was registered in Iranian randomized
clinical trial (www.irct.ir). RCT registration code
was: IRCT 138902113840N1.
Data analysis: Kolmogorov–Smirnov test was
conducted to illustrate normal distribution of the
quantitative data. Paired t-test was used for
comparing means of variables with normal
distribution at the beginning and end of the study for
each group. Then, Student t-test was applied for
comparing the means of the variables between the
two groups. In addition, Wilcoxon test was carried
out to compare the variables with no normal
distribution in each group before and after the
intervention. Mann–Whitney U test was also used
for comparing data from the two groups. Chisquare and Fisher’s exact test were conducted to
compare qualitative variables between the two
groups. The results of the quantitative data with
normal distribution were reported as mean ± SD.
The significance level was set at P-value equal or
less than 0.05.

Results
The statistical analysis were performed totally
for 45 patients, 24 of them with the age average
of 30.7 ± 6.2 year in the IG and the other 21 with
the age average of 29.5 ± 4.0 year in the CG. Just
three women were excluded from the CG
(Figure 1). Table 1 demonstrates the mean ± SD
of the age, pregnancy month for diagnosing
GDM, literacy level, type of treatment, type of
delivery, and body mass index (BMI) of
participants before the intervention. As it is
shown, the BMI for the participants in the IG and
CG were 28.9±4.8 and 27.9 ± 3.6 kg/m 2,
respectively with a non- significance difference at
the beginning of the study. Also, based on the
BMI classification of World Health Organization,
BMI stood at 25-30 kg/m2 (58.3% in the IG and
57.1% in the CG), and the frequency of the
patients between the two groups at the beginning
of the intervention was not significant.
Table 2, shows the mean or median for
quantitative variables under the study in the two
groups before and after the intervention. The mean
concentration of serum 25-(OH)D3 in the IG reached
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from 24.25 to 62.10 nmol/l after the intervention,
showing an increase of around 156%, whereas this
rate decreased for the CG at around 4.7%. Serum
PTH significantly decreased after intervention in IG
compared with CG (2.88 ± 106 compared with 4.78

± 2.4 pmol/l, P = 0.003). In contrast, there were not
any evidence of changes in calcium and phosphor of
serum at the end of the study.

Figure 1. Sampling scheme for the trial

Table 1. Comparing mean ± SD and percentage of variables in control and intervention groups
Variables/groups
Age (y)
Pregnancy month for diagnosing GDM
Weight (kg)
Height (cm)
Body mass index (kg /m2)
Literacy Level
Illiterate
Guidance school graduate
High school graduate
University graduate
Type of treatment
Insulin
Diet therapy
Insulin and diet therapy
Type of delivery
Natural
Cesarean section
Body mass index categorization(kg/m2)
18.5-24.9
25-29.9
30 <
a

b

: Mann Whitney test; : Chi square test
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Intervention group
(n = 24)
30.7 ± 6.2
5.1 ± 2.3
70.2 ± 12.5
155.6 ± 5.0
28.9 ± 4.8

Control group (n = 21)
29.5 ± 4.0
4.7 ± 2.2
69.9 ± 11.0
157.9 ± 4.4
27.9 ± 3.6

P-value
0.4a
0.6 a
0.9 a
0.4 a
0.4 a

n (%)
2(8.3)
10(41.7)
7(29.2)
5(20.8)

n (%)
3(14.4)
11(52.4)
3(14.3)
4(19.0)

11(45.8)
10(41.7)
2(9.5)

9(42.9)
10(47.6)
3(12.5)

0.9b

12(50.0)
12(50.0)

14(66.7)
7(33.3)

0.2 b

4(16.7)
14(58.3)
6(25.0)

4(19.0)
12(57.1)
5(23.8)

0.9 b

0.3b
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Table 2. The comparison of means or median of the variables between and within the two groups
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Variables/groups
25-(OH)D3 (nmol/l)
Before
After
P-value c
Parathyroid hormone (pmol/l)
Before
After
P-value
Serum Calcium (mg/dl)
Before
After
P-value
Serum Phosphor (mg/dl)
Before
After
P-value
Body mass index (kg/m2)
Before
After
P-value
a

Intervention group (n = 24)

Control group (n = 21)

P-valueb

24.25(13.3-202.4)a
62.10(31.7-278.9)
< 0.001

25.30(12.8-137.2)
24.10(18.0-191.7)
0.020

0.440
< 0.001

3.42 ± 1.8
2.88 ± 1.6
0.06

3.60 ± 1.5
4.78 ± 2.4
0.04

0.600
0.003

9.01 ± 0.20
9.17 ± 0.35
0.070

8.90 ± 0.10
9.12 ± 0.45
0.013

0.100
0.700

3.37 ± 0.45
3.25 ± 0.30
0.500

3.61 ± 0.39
3.41 ± 0.36
0.500

0.070
0.300

29.1 ± 5.0
29.0 ± 5.6
0.350

27.9 ± 3.6
27.4 ± 3.7
0.250

0.400
0.100

b

c

: Median (Min-Max); : Mann- Whitney U test has been used for 25-(OH)D3 and Student t-test for others; : Wilcoxon test has been used for 25(OH)D3 and Paired t-test for other cases.

As it is tabulated in Table 3, no significant
differences were found between CG and IG for
both SBP and DBP before intervention. In contrast
after intervention, the SBP decreased in IG which
was statistically significant (98.1 ± 9.0 compared
with 101.0 ± 10.5, P = 0.05), however this was not
significant in CG.
DBP decreased between two groups after
intervention but it was not statistically significant
(63.3 ± 14.5 compared with 67.7 ± 8.0, P = 0.13).

Discussion
In our study the mega doses supplemented with
vitamin D presented higher plasma 25-(OH) D after
3 months. After the intervention with a single dose
of 300,000 IU of vitamin D and after 12 weeks of
incubation, these figures reached to 4.2% and 71.4%
for the IG. There was a statistically significant
reduction in the SBP of participants, while there was
no significant reduction in the DBP. To our

knowledge, this study is the first one to link mega
dose of vitamin D injection and BP in GDM. The
safety of this dose was published elsewhere
(Hosseinzadeh-Shamsi-Anar et al., 2012).
There were some results in line with our study,
for example a study in African-Caribbean youths
found that supplementing with 2000IU/d vitamin D
may be effective at optimizing vitamin D status and
reducing aortic stiffness (Dong et al., 2010). Results
achieved by a randomized control trial study also
said that for every 1-ng/mL 25-(OH) D that was
increased in plasma, a significant 0.2-mmHg
reduction in SBP was indicated (Forman et al.,
2013). A meta-analysis of four RCT with large
population suggested that oral vitamin D
supplementation may cause a reduction in SBP but
not DBP (Wu et al., 2010). Another study that
aimed to investigate the effect of vitamin D
supplementation on flow mediated vasodilatation in
121

Vitamin D supplementation and blood pressure in GDM.

diabetic patients also concluded that vitamin D
supplementation decreased SBP and improved flowmediated vasodilatation (Sugden et al., 2008). Third
national health and nutrition examination survey

(NHANES III) also revealed that high sun exposure
of vitamin D supplementation, was inversely
associated with BP in a large sample representative
(Scragg et al., 2007).
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Table 3. The comparison mean ± SD of systolic and diastolic blood pressure within and between two groups

Variables/groups
Systolic blood pressure (mmHg)
Before
After
b

P-value
Diastolic blood pressure (mmHg)
Before
After
P-value
a

Intervention group
(n = 24)

Control group
(n = 21)

P-valuea

101.0 ± 10.5
98.1 ± 9.0
0.05

107.1 ± 15.6
106.0. ± 15.9
0.94

0.10
0.20

67.7 ± 8.0
63.3 ± 14.5
0.13

74.8 ± 23.2
73.6 ± 10.3
0.80

0.10
0.01

b

: Student t-test; Paired t-test

The effect of vitamin D on BP is an issue of
controversy. A systematic review and meta-analysis
of 46 clinical trials study in contrast with ours
showed no significant relationship between vitamin
D supplementation and DBP or SBP. This may be
because of various doses applied in different studies
i.e., from 1600 to more than 5000 IU/d (Beveridge
et al., 2015). Since most doses were in low ranges,
so it could have different effects in comparison with
mega doses of this study. Another research
investigating supplementation with calcium and
vitamin D could slightly decrease BP in elderly
women but it didn’t show any significant
relationship (Pfeifer et al., 2001), which could be
because of different factors such as the low skin
synthesis of vitamin D in elderly, short term of
supplementation, or insufficient doses of vitamin.
Furthermore, a cohort study found that low intake of
vitamin D or calcium food sources was positively
associated with hypertension and supplementation
with calcium or vitamin D improved it (Wang et al.,
2008a). Additionally, 11 weeks of supplementing
with 5 micrograms vitamin D had no significant
effect on BP in elderly (Pan et al., 1992).
We hypothesized that the effect of vitamin D
on BP is most likely due to the restoration of
parathyroid gland functions to normal status
122

particularly in GDM. This makes a defective cycle
between incidence of GDM and vitamin D
deficiency and hypertension.
There are some potential mechanisms for relation
between vitamin D deficiency and hypertension.
Some studies suggested that this effects may be
mediated via renin-angiotensin aldosterone-system
(RAAS) or endothelial or vascular smooth muscle
(VSM) function directly. Hypertension is may be a
kind of hyper parathyroidism that happens in
vitamin D and calcium deficiency (Langford et al.,
1980). Parathyroidectomy after primary hyper
parathyroidism showed clearly that this effect of
PTH decreases blood pressure and improves arterial
smooth muscle (Bertorini, 1989, Stefenelli et al.,
1993).It may be because of the effect of PTH upregulates RAAS activity and promoting renin
release (Koiwa et al., 2012, Mizobuchi et al., 2007).
The mechanism linking PTH and blood pressure
is still unclear and several pathways might be
under consideration. PTH also directly promotes
aldosterone
release
from
adrenal
glands
(Tomaschitz et al., 2012). There is an inverse
association between vitamin D concentration
and plasma rennin and circulating angiotensin
II (Hosseinzadeh-Shamsi-Anar et al., 2012,
Hosseinzadeh et al., 2016). On the other hand, direct
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effects may include increased occurrence of
diabetes
mellitus,
atherosclerosis,
vascular
calcification, and, changes in renal structure and
function (Rostand, 2014). Results of a human study
on hypertensive patient investigated that high doses
of vitamin D increases aldosterone response to
angiotensin II infusion, and suppresses the effect on
renal-vascular tissue- renin–angiotensin system
renin–angiotensin system (Carrera et al., 2007).
The outstanding point in our study was the
presence of a control group and the administration
of blood taking for participants as well as the
measurement of calcium and phosphor together with
25-(OH)D of the serum. Lack of calcium and
creatinine measures in the urine can be taken as a
limitation of this intervention since this could
confirm the presence of hypervitaminosis more
exactly and confidently. Also, ELISA kit was
applied to measure vitamin D, which is of lower
accuracy compared with HPLC and RIA methods.
Another limitation of the study was its short
duration, while if a longer period had been taken it
could better control the efficacy of a mega dose of
vitamin D. Whilst, its effect on serum concentration
of related parameters to vitamin D as well as the
likelihood of causing hypervitaminosis could be
controlled too.
Further clinical trial studies with different doses
of vitamin D have to be conducted to determine the
effect of mega doses of vitamin D on other health-
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related parameters such as the factors related to
metabolic syndrome as well as arterial health.

Conclusions
The 300,000 IU single dose of IM injection of
vitamin D is regarded as an effective and safe
procedure to improve vitamin D status promptly.
Also it ameliorates the factors related to the health
specially to reduce blood pressure in the regions
faced with severe vitamin D deficiency.

Acknowledgments
We would like to first thank the respectful staff in
Yazd Diabetes Research Centre particularly
Mrs Leila Azodi and Mrs Fateme Zare for their
cooperation in blood taking and biochemical tests;
lactating 12 mothers who participated in the study;
and Shahid Sadoughi University of Medical
Sciences for funding the project.

Author contribution s
Mozaffari-Khosravi H participated to conception

and design of study, managing the project and
drafting the manuscript. Hosseinzadeh M contributed
to design of study, acquisition and analysis of data,
and drafting the manuscript and Shareghfarid E
participated to data analysis and drafting the

manuscript. All authors read the paper and verified
it.

Conflicts of interest
None of the authors had any conflict of interest.

References
American Diabetes Association 2009. Diagnosis
and classification of diabetes mellitus. Diabetes
care. 32 (Supplement 1): S62-S67.
Bertorini TE 1989. Histologic studies in
muscle of hyperparathyroidism. In New Actions
of Parathyroid Hormone, pp. 173-182.
Springer.
Beveridge LA, et al. 2015. Effect of vitamin D
supplementation on blood pressure: a systematic
review
and
meta-analysis
incorporating
individual patient data. JAMA internal medicine.
175 (5): 745-754.

Boucher B 1998. Inadequate vitamin D status:
does it contribute to the disorders comprising
syndrome ‘X’? British Journal of Nutrition. 79
(04): 315-327.
Brickman AS, Nyby MD, von Hungen K,
Eggena P & Tuck ML 1990. Calcitropic
hormones, platelet calcium, and blood pressure
in essential hypertension. Hypertension. 16 (5):
515-522.
Carpenter MW & Coustan DR 1982. Criteria for
screening tests for gestational diabetes. American
journal of obstetrics and gynecology. 144 (7):
768-773.
123

Downloaded from jnfs.ssu.ac.ir at 0:58 +0330 on Friday December 3rd 2021

Vitamin D supplementation and blood pressure in GDM.

Carrera PM, Gao X & Tucker KL 2007. A study
of dietary patterns in the Mexican-American
population and their association with obesity.
Journal of the American Dietetic Association.
107 (10): 1735-1742.
Clifton‐Bligh R, McElduff P & McElduff A
2008. Maternal vitamin D deficiency, ethnicity
and gestational diabetes. Diabetic medicine. 25
(6): 678-684.
Conen D, Ridker PM, Mora S, Buring JE &
Glynn RJ 2007. Blood pressure and risk of
developing type 2 diabetes mellitus: the
Women's Health Study. European heart journal.
28 (23): 2937-2943.
Dong Y, et al. 2010. A 16-week randomized
clinical trial of 2000 international units daily
vitamin D3 supplementation in black youth: 25hydroxyvitamin D, adiposity, and arterial
stiffness. The Journal of Clinical Endocrinology
& Metabolism. 95 (10): 4584-4591.
Forman JP, Curhan GC & Taylor EN 2008.
Plasma 25-hydroxyvitamin D levels and risk of
incident hypertension among young women.
Hypertension. 52 (5): 828-832.
Forman JP, et al. 2013. Effect of vitamin D
supplementation on blood pressure in blacks.
Hypertension. 61 (4): 779-785.
Hashemipour S, et al. 2004. Vitamin D deficiency
and causative factors in the population of Tehran.
BMC Public health. 4 (1): 1.
Holick MF 2004. Sunlight and vitamin D for bone
health and prevention of autoimmune diseases,
cancers, and cardiovascular disease. The
American journal of clinical nutrition. 80 (6):
1678S-1688S.
Hosseinzadeh-Shamsi-Anar M, MozaffariKhosravi H, Salami M-A, Hadinedoushan H
& Mozayan MR 2012. The efficacy and safety
of a high dose of vitamin d in mothers with
gestational diabetes mellitus: a randomized
controlled clinical trial. Iranian journal of
medical sciences. 37 (3): 159.
Hosseinzadeh M, et al. 2016. Empirically derived
dietary patterns in relation to psychological
disorders. Public health nutrition. 19 (02): 204217.
124

Jorde R, Sundsfjord J, Haug E & Bønaa KH
2000. Relation between low calcium intake,
parathyroid hormone, and blood pressure.
Hypertension. 35 (5): 1154-1159.
Jorde R, Svartberg J & Sundsfjord J 2005.
Serum parathyroid hormone as a predictor of
increase in systolic blood pressure in men.
Journal of hypertension. 23 (9): 1639-1644.
Kazemi A, Sharifi F, Jafari N & Mousavinasab
N 2009. High prevalence of vitamin D deficiency
among pregnant women and their newborns in an
Iranian population. Journal of Women's Health.
18 (6): 835-839.
Koiwa F, et al. 2012. Influence of renin–
angiotensin system on serum parathyroid
hormone levels in uremic patients. Clinical and
experimental nephrology. 16 (1): 130-135.
Langford H, Nainbyluxmoore J, Nelson N,
Watson R & Barnes T 1980. ism is associated
with hypertension and may be causal In Clinical
research, pp. A333-A333. SLACK INC 6900
GROVE RD, THOROFARE, NJ 08086.
Lauenborg J, et al. 2005. The prevalence of the
metabolic syndrome in a Danish population of
women with previous gestational diabetes
mellitus is three-fold higher than in the
general population. The Journal of Clinical
Endocrinology & Metabolism. 90 (7): 40044010.
Li YC, et al. 2002. 1, 25-Dihydroxyvitamin D 3 is
a negative endocrine regulator of the reninangiotensin system. The Journal of clinical
investigation. 110 (2): 229-238.
Li YC, et al. 2004. Vitamin D: a negative
endocrine regulator of the renin–angiotensin
system and blood pressure. The Journal of
steroid biochemistry and molecular biology. 89:
387-392.
Lips P 2001. Vitamin D deficiency and secondary
hyperparathyroidism
in
the
elderly:
consequences for bone loss and fractures and
therapeutic implications. Endocrine reviews. 22
(4): 477-501.
Mizobuchi M, et al. 2007. Combination therapy
with an angiotensin-converting enzyme inhibitor
and a vitamin D analog suppresses the

Downloaded from jnfs.ssu.ac.ir at 0:58 +0330 on Friday December 3rd 2021

Hosseinzadeh M, et al.

progression of renal insufficiency in uremic rats.
Journal of the American Society of Nephrology.
18 (6): 1796-1806.
Morfis L, Smerdely P & Howes LG 1997.
Relationship between serum parathyroid
hormone levels in the elderly and 24 h
ambulatory blood pressures. Journal of
hypertension. 15 (11): 1271-1276.
Pan W, Wang C, Li L, Kao L & Yeh S 1992. No
significant effect of calcium and vitamin D
supplementation on blood pressure and calcium
metabolism in elderly Chinese. The Chinese
journal of physiology. 36 (2): 85-94.
Pfeifer M, Begerow B, Minne HW, Nachtigall D
& Hansen C 2001. Effects of a Short-Term
Vitamin D3 and Calcium Supplementation on
Blood Pressure and Parathyroid Hormone Levels
in Elderly Women 1. The Journal of Clinical
Endocrinology & Metabolism. 86 (4): 16331637.
Resnick LM, Muller FB & Laragh JH 1986.
Calcium-regulating hormones in essential
hypertension: relation to plasma renin activity
and sodium metabolism. Annals of Internal
Medicine. 105 (5): 649-654.
Rostand SG 2014. Vitamin D deficiency in the
pathogenesis of hypertension: still an unsettled
question. Current hypertension reports. 16 (8):
1-9.
Sachan A, et al. 2005. High prevalence of vitamin
D deficiency among pregnant women and their
newborns in northern India. The American
journal of clinical nutrition. 81 (5): 1060-1064.
Scragg R, Sowers M & Bell C 2007. Serum 25hydroxyvitamin D, ethnicity, and blood pressure
in the Third National Health and Nutrition
Examination Survey. American journal of
hypertension. 20 (7): 713-719.
Sibai BM & Ross MG 2010. Hypertension in
gestational diabetes mellitus: pathophysiology
and long-term consequences. The Journal of

JNFS | Vol (2) | Issue (1) | February 2017

Maternal-Fetal & Neonatal Medicine. 23 (3):
229-233.
Stefenelli
T,
et
al.
1993.
Primary
hyperparathyroidism: incidence of cardiac
abnormalities and partial reversibility after
successful parathyroidectomy. The American
journal of medicine. 95 (2): 197-202.
Sugden J, Davies J, Witham M, Morris A &
Struthers A 2008. Vitamin D improves
endothelial function in patients with Type 2
diabetes mellitus and low vitamin D levels.
Diabetic medicine. 25 (3): 320-325.
Tomaschitz A, et al. 2012. Aldosterone and
parathyroid hormone: a precarious couple for
cardiovascular disease. Cardiovascular research.
94 (1): 10-19.
Wang L, Manson JE, Buring JE, Lee I-M &
Sesso HD 2008a. Dietary intake of dairy
products, calcium, and vitamin D and the risk of
hypertension in middle-aged and older women.
Hypertension. 51 (4): 1073-1079.
Wang TJ, et al. 2008b. Vitamin D deficiency and
risk of cardiovascular disease. Circulation. 117
(4): 503-511.
Wu SH, Ho SC & Zhong L 2010. Effects of
vitamin D supplementation on blood pressure.
South Med J. 103 (8): 729-737.
Young EW, McCarron DA & Morris CD 1990.
Calcium Regulating Hormones in Essential
Hypertension Importance of Gender. American
journal of hypertension. 3 (8 Pt 2): 161S-166S.
Yuan W, et al. 2007. 1, 25-dihydroxyvitamin D3
suppresses renin gene transcription by blocking
the activity of the cyclic AMP response element
in the renin gene promoter. Journal of Biological
Chemistry. 282 (41): 29821-29830.
Zhang C, et al. 2008. Maternal plasma 25hydroxyvitamin D concentrations and the risk for
gestational diabetes mellitus. PloS one. 3 (11):
e3753.

125

