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ABSTRACT. Aim: To investigate the systemic renin-an-
giotensin system (RAS) in essential hypertensives (EH) and
controls (C) after short- and long-term vitamin D receptor
activation. Design: Ten consecutive EH (under controlled
low-salt diet) and 10 C underwent calcitriol administration
(0.25 μg bid) for 1 week (Group A). Eighteen consecutive
EH under angiotensin II receptor antagonist therapy re-
ceived a single oral dose of 300,000 IU of cholecalciferol
and were followed up for 8 weeks (Group B). Methods: In
basal conditions and at the end of the study (1 week in
Group A and 8 weeks in Group B), plasma renin activity
(PRA), plasma active renin, aldosterone, and angiotensin II
were evaluated, as well as blood pressure, plasma 25-hy-
droxyvitamin D [25(OH)D], 1,25-dihydroxyvitamin D
[1,25(OH)2D], and PTH. Results: In Group A, plasma
25(OH)D levels in EH and C were below the normal range, al-

though lower levels were found in the former. No associa-
tion between basal plasma 25(OH)D or 1,25(OH)2D levels
and blood pressure values or RAS components was observed
either in the whole group or in the two subgroups. Calcitri-
ol administration did not affect any RAS parameter either
in EH or in C. In Group B, cholecalciferol significantly in-
creased 25(OH)D and 1,25(OH)2D levels without interfering
with the angiotensin II receptor antagonist-induced increase
in RAS components. No correlation was found between plas-
ma 25(OH)D or 1,25(OH)2D levels and blood pressure val-
ues or RAS parameters before and after cholecalciferol ad-
ministration. Conclusions: The present data suggest that, in
our experimental conditions, vitamin D receptor activation
is unable to influence systemic RAS activity.
(J. Endocrinol. Invest. 36: 216-220, 2013)
©2013, Editrice Kurtis

INTRODUCTION

Observational studies have shown that low vitamin D lev-
els bear a relation to high blood pressure values (1) and
cardiovascular morbidity and mortality (2, 3) in humans.
In addition, vitamin D administration positively influences
blood pressure and endothelial function in patients with
Type 2 diabetes mellitus (4) and delays chronic renal dis-
ease progression in nephropathic (diabetic and non-dia-
betic) patients (5, 6).
Renin-angiotensin system (RAS) suppression has been
hypothesized to be one of the mechanisms explaining
these relationships. Thus animal (7, 8) and in vitro (7) stud-
ies have demonstrated that vitamin D receptor activation
blunts intra-renal mRNA levels and protein expression of
several RAS components, such as angiotensinogen, renin,
renin receptors, and angiotensin II type 1 receptors. In
humans, association studies likewise show that plasma
renin activity (PRA) and vitamin D are inversely correlat-
ed (9-13) in normotensives and hypertensives and that
lower 25-hydroxyvitamin D [25(OH)D] levels are associ-
ated with higher circulating angiotensin II levels in hy-
pertensives (14). However, among the few intervention
studies in humans reported in the literature (4, 15), no
suppressive effect on systemic RAS has been found af-
ter vitamin D administration.

The aim of the present study was to investigate systemic
RAS in essential hypertensives and controls after short-
term calcitriol administration and in patients with essen-
tial hypertension after long-term cholecalciferol therapy.

PATIENTS AND METHODS
Patients
The study was conducted in the Hypertension Center (Depart-
ment of Internal Medicine) of Pisa University. Patient enrollment
was performed between October and December 2010 and the
study ended within March 2011. This cut-off date was chosen to
avoid the possibility that exposure to sunlight could modify
plasma vitamin D levels. The population study was divided in-
to two groups, each one undergoing a different experimental
protocol.
Group A consisted of 10 consecutive essential hypertensive pa-
tients (EH) and 10 normotensive controls (C). Exclusion criteria
were: estimated glomerular filtration rates <60 ml/min/1.73 m2,
hypercalcemia, hepatic insufficiency, chronic granulomatosis
diseases, body mass index (BMI) >30 kg/m2, diabetes melli-
tus, and intake of any anti-hypertensive drugs or other drugs
affecting calcium-phosphorus metabolism. While C were al-
lowed a salt-free diet, the patients (in-patients) were main-
tained on a controlled low-salt diet (~3 g/day of NaCl) during
the study.
Group B consisted of 18 consecutive EH (8 females, age
47.3±12.5 yr, mean±SD, BMI 25.5±1.02 kg/m2, mean±SE). Ex-
clusion criteria were the same as in Group A, except for the use
of angiotensin II receptor antagonists, which were introduced
into the experimental protocol. Patients in this group followed
an ordinary salt diet during the study.
The investigation was approved by the institutional review board
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and each subject gave written informed consent to the study af-
ter a detailed description of the experimental protocol.

Protocol
Group A
As the group A study lasted 7 days, we preferred to use the active
form among vitamin D receptor agonists, such as calcitriol, 1,25-
dihydroxyvitamin D [1,25(OH)2D]. Thus at time 0, an oral dose of
0.25 μg bid (Roche, Milano, Italy) was given for 1 week.

Group B
Given that the group B study was a long-term investigation, we
preferred to administer cholecalciferol as a bolus at doses able
to maintain 25(OH)D levels consistently >30 ng/ml, as advised by
international guidelines (16). Thus, at time 0 a single oral dose
of 300,000 IU of cholecalciferol (Abiogen Pharma, Pisa, Italy) was
given. Since low renin hypertensive patients are frequent among
the hypertensive population and this could have disguised the
possible inhibitory effect of vitamin D on RAS, we administered
angiotensin II receptor antagonists (telmisartan 80 mg once a
day) starting from 15 days prior to beginning of the study and
continuing throughout the experiment, in order to activate en-
dogenous plasma renin and angiotensin II levels.

Measurements
Group A
In basal conditions and at the end of the study (1 week) the fol-
lowing parameters were analyzed: a) blood pressure in confor-
mity with recent international guidelines (17); b) plasma creati-
nine, calcium, phosphorus, magnesium, 25(OH)D, 1,25(OH)2D
and PTH; c) PRA, plasma active renin, aldosterone, and an-
giotensin II; d) 24-h urinary creatinine, albumin, and sodium.

Group B
Before angiotensin II receptor antagonist administration (time
–15), at time 0 (cholecalciferol assumption), and after 4 and 8
weeks, the following parameters were analyzed: a) blood pres-
sure, b) PRA, plasma active renin, aldosterone, and angiotensin
II. Plasma creatinine, calcium, phosphorus, and magnesium
were evaluated only at time 0 and at the end of the study, while

25(OH)D, 1,25(OH)2D, and PTH were also assayed after 4-week
cholecalciferol administration.

Laboratory
Serum concentrations of creatinine, calcium, phosphorus, mag-
nesium, sodium, and potassium were analyzed by standard
methods. Urinary creatinine and albumin were evaluated with a
DCA 2000 Analyzer (Bayer). Specific radioimmunoassays were
used to measure 25(OH)D and 1,25(OH)2D (DiaSorin Inc., Still-
water, MN, USA; intra-assay 10.5 and 11.3%, respectively; inter-
assay 9.6 and 14.9%, respectively). PRA (intra-assay 7.6%, inter-
assay 9.1%, normal values 0.2-5.7 ng/ml/h), and plasma aldos-
terone (intra-assay 9.7%, inter-assay 11.5%, normal values 3.5-
30.0 ng/dl) were analyzed by DiaSorin (Saluggia, Italy), and ac-
tive renin (intra-assay 1.8%, inter-assay 4.0%, normal values 5.1-
59.4 pg/ml) by CisBIO (Bedford, MA, USA). Plasma PTH was
evaluated by an immunoradiometric assay (intra-assay 2.5%, in-
ter-assay 4.4%, normal values 13-54 pg/ml) for quantitative de-
termination of active intact human PTH 1-84 (DiaSorin Inc., Still-
water, MN, USA), and plasma angiotensin II by enzyme-linked
immunosorbent assay kit (Pantec s.r.l, Torino, Italy, intra-assay
3.1%, inter-assay 4.3%, normal values 5.5-21.3 pg/ml).

Statistical analysis
Unpaired and paired Student’s t-test or one-way analysis of vari-
ance (ANOVA), when appropriate, were used for statistical anal-
ysis. Linear correlation analysis was adopted to assess the rela-
tionship between individual variables. Results were expressed
as mean±SEM and mean±SD. p<0.05 was considered as statis-
tically significant.

RESULTS
Group A
EH and C were superimposable as regards gender (5 fe-
males in EH and 6 in C), age (43.0±11.7 yr, mean±SD, in
EH and 41.2±4.4 yr in C), and BMI (26.4±1.0 kg/m2,
mean±SE, in EH and 24.4±1.3 kg/m2 in C). In basal con-
ditions, no significant difference was found between the
two groups with regard to plasma calcium, phosphorus,

Parameters EH (no.=10) C (no.=10)

Before After Before After

Calcium (mg/dl) 9.5±0.07 9.6±0.04 9.4±0.13 9.3±0.11

Phosphorus (mg/dl) 3.2±0.09 3.4±0.08 3.7±0.42 3.8±0.14

Magnesium (mg/dl) 2.1±0.06 2.0±0.05 2.0±0.02 1.96±0.02

Creatinine (mg/dl) 0.86±0.02 0.86±0.04 0.90±0.03 0.91±0.02

Creatinine clearance (ml/min) 99.2±5.2 97.1±4.7 97.6±5.4 98.3±3.8

24-h urinary sodium (mEq/24 h) 131.1±23.7 87.5±18.6** 134.0±16.5 141.0±15.0

Microalbuminuria (mg/24 h) 7.7±0.54 7.8±1.6 9.8±2.9 6.3±0.6

25(OH)D (ng/ml) 12.6±1.6 14.5±2.0 20.1±2.5** 20.4±2.2

1,25(OH)2D (pg/ml) 28.0±2.4 38.9±11.0 35.4±6.5 24.0±3.9

PTH (pg/ml) 38.2±6.3 30.7±5.6 38.2±8.4 35.3±7.1

SBP (mmHg) 145.0±6.1 133.0±5.3* 107.0±5.5§§ 110.0±4.9

DBP (mmHg) 90.0±4.5 81.6±4.5* 65.0±3.5§ 70.2±2.8

25(OH)D: 25-hydroxyvitamin D; 1,25(OH)2D: 1,25-dihydroxyvitamin D; SBP: systolic blood pressure; DBP: diastolic blood pressure; *p<0.05 and **p<0.02
vs EH before; §p<0.001 and §§p<0.0001 vs EH before.

Table 1 - Group A: humoral and hemodynamic parameters (mean±SE) of essential hypertensives (EH) and controls (C) before and
after calcitriol administration.
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magnesium, creatinine, creatinine clearance, 24-h urinary
sodium, microalbuminuria, and PTH. Interestingly, de-
spite consecutive recruitment of the subjects studied,
25(OH)D levels of both groups were below the normal
range reported by the international guidelines (16), al-
though 25(OH)D and 1,25(OH)2D were lower in EH than
in C. As expected, blood pressure was higher (p<0.001 or
less) in EH than in C (Table 1).
Calcitriol administration did not affect any humoral pa-
rameter in either group. At the end of the study, a sig-
nificant reduction in systolic and diastolic blood pressure
was detected in EH, probably due to hospitalization and
low-salt diet, as confirmed by a decrement in sodium uri-
nary values (Table 1).
Figure 1 shows that in basal conditions, PRA and active
renin were significantly lower in EH than in C, while aldos-
terone and angiotensin II were similar. Calcitriol adminis-
tration exerted no suppressive effect on RAS components

in either group. In contrast, an increment, though not sig-
nificant, in PRA, active renin, and aldosterone levels was
observed mainly in EH, probably linked to reduction in
sodium intake.
Correlation analysis performed in the whole group (patients
and controls) and in the two subgroups showed no associ-
ation between basal plasma 25(OH)D or 1,25(OH)2D levels
and blood pressure values, RAS components or PTH values.

Group B
Plasma calcium, phosphorus, magnesium, creatinine, and
PTH underwent no modification during the study, while
cholecalciferol, as expected, significantly increased
25(OH)D and 1,25(OH)2D levels. Systolic and diastolic
blood pressure decreased significantly after angiotensin
II antagonist administration, subsequently remaining un-
modified throughout the study despite cholecalciferol
administration (Table 2).

Parameters Essential hypertensives (no.=18)

Time –15 Time 0 4 weeks 8 weeks p

Calcium (mg/dl) - 9.6±0.13 - 9.3±0.12 ns

Phosphorus (mg/dl) - 2.8±0.15 - 2.9±0.13 ns

Magnesium (mg/dl) - 2.1±0.01 - 2.0±0.02 ns

Creatinine (mg/dl) - 0.82±0.04 - 0.84±0.03 ns

25(OH)D (ng/ml) - 14.9±1.4 38.0±3.0 27.0±2.3 <0.001

1,25(OH)2D (pg/ml) - 27.7±2.4 41.2±6.0 50.2±11.3 <0.05

PTH (pg/ml) - 37.3±4.6 34.4±4.3 41.2±3.6 ns

SBP (mmHg) 147.2±3.0 135.0±0.8** 135.0±1.2 132.0±1.3 ns

DBP (mmHg) 93.2±0.9 85.0±1.1* 79.0±1.2 79.0±1.4 ns

25(OH)D: 25-hydroxyvitamin D; 1,25(OH)2D: 1,25-dihydroxyvitamin D; SBP: systolic blood pressure; DBP: diastolic blood pressure; *p<0.05 and **p<0.01
vs time –15.

Table 2 - Group B: humoral and hemodynamic parameters (mean±SE) prior and at the end of the study.
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Fig. 1 - Calcitriol effects on plasma renin
activity (PRA), active renin, angiotensin II
and aldosterone in essential hyperten-
sives and in controls.
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PRA, active renin, and angiotensin II were not suppressed
by cholecalciferol during the study. On the contrary,
these hormones increased slightly and plasma aldos-
terone decreased slightly, possibly as a result of an-
giotensin II receptor blockade (Fig. 2).
No correlation was found between plasma 25(OH)D or
1,25(OH)2D levels and blood pressure values, RAS com-
ponents or PTH values before and after drug adminis-
tration. Furthermore, after categorization by vitamin D
status on the basis of 25(OH)D and 1,25(OH)2D levels,
no significant difference in RAS components and blood
pressure was found.

DISCUSSION

Some reports indicate that in normotensives and in hy-
pertensive patients, PRA and vitamin D plasma concen-
tration appear inversely correlated (9-13) and that lower
25(OH)D levels are associated with higher circulating an-
giotensin II values in hypertensives (14). However, the ef-
fects of vitamin D supplementation on systemic RAS are
largely lacking in humans.
Our study showed that in consecutively enrolled sub-
jects, the percentage of vitamin D deficiency was very
high and that vitamin D levels were lower in EH than in
C, a finding in agreement with the literature (1, 18). In
addition we observed that in EH and in C with hypovi-
taminosis D, short-term calcitriol administration did not
affect systemic RAS components. The same finding was
observed in essential hypertensive patients after long-
term cholecalciferol administration given at doses able

to restore vitamin D levels. The present data suggest
that, in our experimental conditions, vitamin D receptor
activation was unable to influence RAS activity, at least
on the systemic level.
We are aware of the limitations of our study, in particular
with regard to the small number of subjects studied. How-
ever, this is a pilot study and, as far as we know, it is the
first to explore, as a primary endpoint, RAS activity after vi-
tamin D administration in hypertensive patients. Previous
studies (4, 15) on this topic were performed in diabetic
patients, with and without nephropathy, and in both cas-
es primary and secondary endpoints differed in RAS com-
ponent measurement. Accordingly, in the present inves-
tigation we focused on the type and doses of drug to be
used, follow-up duration, and timing of sampling. Since,
in the first protocol, the study had a duration of only 7
days, we preferred to use a biologically active form of vi-
tamin D, such as calcitriol, at customary therapeutic dos-
es. In the second protocol, cholecalciferol was chosen as
vitamin D activator, given as a bolus in order to optimize
compliance. For this protocol, we used doses capable of
maintaining 25(OH)D levels consistently >30 ng/ml, as ad-
vised by international guidelines (16) and effectively ob-
tained in our patients. An additional consideration in-
volved endogenous RAS status, which was a critical point
in planning the study. Low-renin hypertensive patients are
frequent in the hypertensive population, and uncontrolled
salt intake (as is known to commonly occur in out-patients)
may negatively affect renin secretion. To avoid possible
basal RAS suppression which could have obscured the in-
hibitory effect of vitamin D, our study was designed to ac-
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Fig. 2 - Cholecalciferol effects on plasma renin activity (PRA), active renin, angiotensin II and aldosterone in essential hypertensives
treated with angiotensin II antagonists (time –2 weeks).
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tivate endogenous RAS. In the first experimental design,
this objective was reached by a well-controlled low-salt
diet. In the second protocol, all patients, starting from at
least 15 days prior to beginning of the study and contin-
uing throughout the experiment, underwent therapy with
angiotensin II receptor antagonists in order to activate en-
dogenous plasma renin and angiotensin II levels. In nei-
ther experimental protocol was any significant effect ob-
served after short-term or long-term vitamin D adminis-
tration. Despite our results, we do not rule out that such
an effect could conceivably be induced if a different type,
dose, and timing of administration of drugs were adopt-
ed, or if a more prolonged study were performed. Our
data confirm the findings of Sugden et al. (4) and de
Zeeuw et al. (15), whose results, although referring to di-
abetic patients, showed that despite an improvement in
endothelial function (in the former) and a reduction in al-
buminuria (in the latter), no influence on RAS was ob-
served after vitamin D administration. However, both in
our study and in the above-cited papers, patients were
under treatment with RAS inhibitors. Thus, vitamin D may
be unable to suppress the compensatory increment in
renin associated with use of RAS inhibitors. Studies in
drug-free subjects could clarify the true role of vitamin D
on endogenous RAS. Finally, in this regard another ex-
planation for the discrepancy observed in animals (sup-
pression) (8) vs humans (no effect) can be put forward. In
animals the focus of study was intra-renal (8), while in hu-
mans the investigation focused on systemic RAS both in
the present study and in other (4, 15) researches. An in-
creasing and to some extent new body of data indicates
that the regulatory mechanisms of systemic and intra-re-
nal RAS are different and sometimes divergent (19). Thus,
in humans, the inhibitory action of vitamin D may gen-
uinely occur, but only at local (intra-renal) RAS level with-
out influencing systemic circulation. This would explain
why vitamin D receptor knockout mice show overstimu-
lated RAS (20), whereas RAS appears to be normal in hu-
mans with corresponding (phenotypically and metaboli-
cally) genetic mutation [1,25(OH)2D-resistant rickets] lead-
ing to complete or partial target organ resistance to 1,25-
hydroxyvitamin D3 (21). In the animal model, intra-renal
RAS was measured, while in humans only peripheral (sys-
temic) RAS was evaluated. Based on these findings we are
performing clinical studies to evaluate systemic and intra-
renal RAS after vitamin D receptor activation in humans.
In conclusion, our study shows that short-term calcitriol
assumption in EH and C with hypovitaminosis D and
long-term cholecalciferol administration in EH with hy-
povitaminosis D exerted no effects on peripheral RAS
components. The present data suggest that, at least in
our experimental conditions, vitamin D receptor activa-
tion was unable to influence circulating RAS activity.
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