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Abstract
Purpose Emerging data supports an association between parathyroid hormone (PTH) and aldosterone. It has been specu-
lated, that potential adverse cardiovascular effects of vitamin D insufficiency may partly be caused by the development of
secondary hyperparathyroidism with increased activity of the renin-angiotensin-aldosterone system (RAAS).

We aimed to investigate the effect of normalizing vitamin D status and/or reducing PTH levels on RAAS activity and
other markers of cardiovascular health.
Methods In a double-blinded study during wintertime, we randomized 81 healthy postmenopausal women with secondary
hyperparathyroidism (PTH > 6.9 pmol/l) and 25-hydroxy-vitamin D (25(OH)D) levels < 50 nmol/l to 12 weeks of treatment
with vitamin D3 70 µg/day (2800 IU/day) or identical placebo.

Markers of cardiovascular health were defined as changes in the plasma RAAS, glycated hemoglobin, lipids, and
lipoproteins, blood pressure, vascular stiffness, heart rate, and cardiac conductivity.
Results Compared to placebo, vitamin D3 treatment significantly increased plasma levels of 25(OH)D and 1,25(OH)2D by
230% (95% CI: 189–272%) and 58% (190–271%), respectively. Vitamin D3 treatment reduced PTH by 17% (11–23%), but
did not reduce RAAS activity. Compared to placebo, vitamin D3 treatment increased plasma levels of high-density lipo-
proteins (HDL) by 4.6% (0.12–9.12%), but did not affect other measured indices.
Conclusions Vitamin D3 supplementation normalized vitamin D levels and reduced PTH. The supplement increased levels
of HDL, but had no effects on RAAS activity or other indices of cardiovascular health.
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Introduction

Numerous observational studies report an association
between low plasma levels of 25-hydroxyvitamin D (25
(OH)D) and an increased risk of cardiovascular disease
(CVD) [1, 2]. An effect of vitamin D on cardiovascular
health is biologically plausible, as the vitamin D receptor
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and the 1-alpha hydroxylase (CYP27B1) are expressed in
cardiovascular tissues. It has, therefore, been suggested, that
25(OH)D may be activated and exert biological function
within the tissue.

Meta-analyses on findings from randomized clinical
trials (RCTs) have shown a decreased overall mortality in
elderly in response to vitamin D3 supplementation [3–5]. A
decreased cardiovascular specific mortality is reported in
observational studies, although not confirmed in pooled
data from RCTs [2, 4, 5].

The potential adverse health effect of low 25(OH)D
levels may partly be due to an increased activity of the
renin-angiotensin-aldosterone system (RAAS) and the
development of secondary hyperparathyroidism (SHPT).

RAAS activation increases blood pressure and exerts
various deleterious effects on the cardiovascular system.
Reduced levels of renin and aldosterone as well as a
reduced blood pressure have been found in some [6–8], but
not all RCTs [3, 9–11] investigating the effect of vitamin D.

High levels of PTH have been shown to be indepen-
dently associated with an increased cardiovascular mortality
in the general population [12]. Accumulating evidence
supports an association between PTH and aldosterone [13–
15]. A direct association between PTH and aldosterone is
supported by the fact that PTH type 1 receptors have been
shown in the adrenal cortex as well as mineralocorticoid
receptors in the parathyroid gland [13, 16]. Similar to
patients with hyperaldosteronism, patients with primary
hyperparathyroidism are at increased risk of CVD and
surgical cure by parathyroidectomy is associated with
reduced concentrations of angiotensin 2, aldosterone, and a
lower risk of CVD [17–19].

Most previous RCTs evaluating vitamin D supple-
mentation on cardiovascular health included participants
with a replete vitamin D status. Potential detrimental effect
of high levels of PTH is poorly understood [3]. Accord-
ingly, we hypothesized that vitamin D supplementation
through a normalization of vitamin D levels and/or a PTH
reduction improved markers of cardiovascular health, as
assessed by changes the plasma RAAS (p-aldosterone is
primary end point), glycated hemoglobin, lipids and lipo-
proteins, blood pressure, vascular stiffness, heart rate, and
cardiac conductivity.

Methods

We designed our study as an investigator-initiated parallel
group, single-center, randomized double-blinded placebo-
controlled trial. The study was conducted in Aarhus, Den-
mark, at 56° N in winter season (November–April) during 2
consecutive years (2015/-16 and 2016/-17). In this period,
cutaneous cholecalciferol synthesis is insignificant.

Recruitment of participants

By a letter outlined with a short description of the study, we
invited postmenopausal women aged 60–80 to participate.
Using the Danish Nationwide Civil Register, we contacted a
randomly selected group of women from the general
background population. Potential participants were exclu-
ded if they had a history of CVD (cerebral infarctions, heart
attacks, or arterial insufficiency), liver- or renal disease
(creatinine above upper limit of the reference range, known
renal arterial stenosis or previous kidney transplantation).
Potential participants were also excluded if they were on
treatment with antihypertensives, diuretics, systemic glu-
cocorticoids, non-steroidal anti-inflammatory drugs, or
lithium or at any time had received treatment with anti-
osteoporotic drugs. Furthermore, we excluded women who
planned to travel to sunny destinations, or used sunbeds on
a regular basis during the study.

The remaining potential participants were offered a
biochemical screening sample. From the entire screened
cohort, we only included women with 25(OH)D level
below < 50 nmol/l, a PTH level above upper limit of the
reference range ( > 6.9 pmol/l) as well as plasma levels of
creatinine and calcium below upper reference range.

All participants had their medical history verified by an
interview and a regular clinical examination was performed
prior to randomization. Criteria for participation were re-
assessed by interview at all clinical visits. No participants
were withdrawn from the study.

Intervention

For 12 weeks, the participants underwent concealed 1:1
randomization to daily vitamin D3 supplementation (cho-
lecalciferol 70 microgram) or similar placebo. The design
was factorial for the two first weeks, as the participants
were co-treated with an angiotensin 2-receptor blocker
(valsartan 80 mg per day) or similar placebo in order to
study whether treatment with valsartan lowered PTH levels
(Fig. 1). The findings from these initial two-weeks of study
have previously been reported, showing no effects of val-
sartan on PTH levels [20]. As we included women with
vitamin insufficiency and wanted to assure a replete vita-
min D status in participants randomized to vitamin D
supplementation, we chose a daily dose of 70 microgram,
as previous studies have suggested an increase in 25(OH)D
levels of 0.7 to 1.1 nmol/l per 1 microgram/day of vitamin
D supplementation [21, 22]. The hospital pharmacy ran-
domized participants using a computer program
(http://www.randomization.com) into blocks of 16, 16, 8,
8, 16, 8, and 8 participants. The block-sizes were unknown
for the investigators.
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Investigators and participants were blinded to the study
drug allocations. We received treatment randomization
codes from the pharmacy when all data were on-file.

Orkla Care A/S produced and supplied cholecalciferol
and identical placebo tablets. The hospital pharmacy labeled
all bottles.

For the two first weeks of trial, we instructed the women
to take both tablets at bedtime with a glass of water, as food
consumption decreases the absorption of valsartan with
40% [21]. Subsequent, vitamin D and identical placebo
tablets were taken with breakfast in the morning, as food
intake may potentiate the absorption of fat-soluble vitamins
such as vitamin D [23]. There were no dietary instructions,
and the participants were told to continue their normal daily
living.

Study measurements

Clinical visits were performed at baseline and after 2
(±2 days), 6 (±1 week), and 12 (±2 weeks) weeks of
treatment. All examinations and blood sampling were per-
formed in the morning after an overnight fast. To minimize
the intra-individual variability of the measurements, all
participants were lying down resting for at least 15 min
before examining blood pressure, arterial stiffness, and
cardiac conductivity. The participants were lying down
resting for 30 min before blood sampling.

We assessed the total dietary intake of calcium according
to reported average dietary intake of milk, cheese, and other
dairy products by a questionnaire [24].

Blood and urine samples

In accordance with standard operating procedures, blood
samples for batch analyses were centrifuged at 4000 rpm at
5 °C for 10 min. Plasma for batch analysis and a 24-hour
urine for measurement of cortisol was stored at −80 °C until

assayed in summer 2017 after a maximum storage of
18 months. PTH was re-analyzed in January 2018.

Analytical methods, laboratory, reference intervals,
measurement ranges, and coefficients of variation for all
batch analysis are shown in the Supplementary Table.

The possibility of a regression toward the mean bias was
quantified by looking at all PTH measurements performed
in Central Denmark Region (a total population of 1.3 mil-
lion) during year 2016.

Blood pressure, vascular stiffness, and cardiac
conductivity

At all visits, we measured blood pressure with a dual-cuff
monitor from WatchBP Office (Microlife AG, Widnau,
Switzerland) allowing simultaneous measurement on both
arms. The device reported systolic blood pressure (SBP) and
diastolic blood pressure (DBP) as an average of three mea-
surements in both arms. The blood pressure measurement on
the non-dominant arm is reported unless we found a dif-
ference of ≥ 10 mmHg between arms at baseline [25]. If so,
the arm with the highest blood pressure is reported. We
selected the appropriate cuff for the blood pressure record-
ings by measuring the circumference of the upper arm.

At week 0 and week 12, we measured 24-hour blood
pressure in all participants using the Arteriograph24 equip-
ment (TensioMed Inc., Hungary). Data on blood pressure
was obtained every 20 min for 24 h. Participants with at least
14 daytime and seven night-time measurements of blood
pressure were included in the analysis. Sleep pattern was
monitored, and a mean during day- and night-time was
calculated. A weighted 24 h mean of heart rate, SBP, and
DBP are reported. Nocturnal dipping was calculated as
percentage reduction in blood pressure while sleeping.

Blood pressure, central blood pressure estimates, pulse
wave velocity (PWV), and pulse wave analysis were further
measured by tonometry at week 0 and week 12 using the
SphygmoCor XCEL equipment (AtCor Medical, Sydney,
Australia). To assess central PWV, carotid pulse waves were
measured by applanation tonometry. Simultaneously, an
inflated cuff measured femoral pulse waves over the femoral
artery. Central PWV was calculated as the direct distance
between pulse measuring sites divided by the pulse transit
time. Because the direct distance overestimates real PWV,
the estimate was multiplied with 0.8 [26]. Only records
meeting the quality requirements (quality value above or
equal to 75% assessed by the program) were included in the
analysis. Preferably, two measurements with a difference of
less than 1 m/s was obtained, and the average of two mea-
surements reported. Electrocardiograms (ECG) were col-
lected using a calibrated standard 12-lead ECG machine. QC
intervals were corrected by Bazett’s QTc= (QT/√RR) and
Fridericias QTc= (QT∛RR) formula, respectively.

Fig. 1 Study design. To avoid cutaneous vitamin D synthesis, all
women were included from November to February (56° N)
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Statistical analyses

Sample size calculations were performed prior to initiating
the trial. We assumed a mean plasma aldosterone at 91
(±59) pg/ml [27] and an reduction in aldosterone at 40%,
similar to treatment with an angiotensin 2-receptor blocker
[28]. In order to obtain 80% statistical power at the 5% level
of significance, 80 women should be included.

The distribution of data was tested with QQ-plots and
histograms. Normal distributed data were analyzed with
parametric tests. Skewed variables were log-transformed
and re-tested for normality before any parametric analysis.

Changes in response to treatment are reported as means
or medians with 95% confidence intervals, or medians with
25 and 75% percentiles when appropriate. For categorical
data, we used a χ2 test. Changes from baseline to end of
study were analyzed using a test for two independent
samples or Wilcoxon-Ranks tests. If we had end-points with
more than two measurements, analysis of variance

(ANOVA) with repeated measurements were used. To
determine correlation coefficients between measurements of
RAAS and the calcium metabolism, Pearson correlation
analyses were conducted. A multivariate linear regression
model investigated an association between renal calcium
excretion and blood pressure. We evaluated all end-points
using an intention to treat approach. We considered a two-
tail p-value < 0.05 as statistical significant. SPSS version 24
was used for the statistical analysis.

Results

Participants

We invited 32,321 randomly selected women by letter,
among whom 4113 women responded positively (Fig. 2). A
blood test was performed in 1580 women. The test identi-
fied 109 women with SHPT in terms of high PTH- and low

Fig. 2 Flow chart. The letter requested not to reply to the invitation if a potential participant considered herself as fulfilling one or more exclusion
criteria
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25(OH)D levels, allowing for inclusion of the 81 women
participating in the study. All included women completed
the study in accordance with the study program.

Baseline characteristics of participants are shown in
Table 1 and 2. Except from fewer current smokers (N= 1
vs. N= 8, p < 0.05) and more systolic non-dippers (N= 18
vs. N= 7, p < 0.01), in the vitamin D group, there was no
differences between groups. None used anti-epileptic
medication.

Vitamin D and PTH

Levels of 25(OH)D and PTH are depicted in Table 2.
Compared with placebo, vitamin D treatment increased
levels of 25(OH)D and 1,25(OH)2D by a mean of 243%
(95% CI: 203–289%) and 58% (44–72%), respectively
(Table 2 and Fig. 3).

Vitamin D treatment decreased PTH levels significantly
by 11.0% (2.9–19.1%) after 2 weeks, 13.4% (6.9–19.8%)

after 6 weeks and 16.8% (10.9–22.8%) after 12 weeks (Fig.
3).

Vitamin D and the RAAS

Compared with placebo, vitamin D treatment did not
change plasma levels of aldosterone, renin, aldosterone/
renin ratio, angiotensin 2, or arginine vasopressine at any
time points of measurements (Table 2 and Fig. 3).

Vitamin D, renal function, and plasma electrolytes

Compared with placebo, vitamin D treatment did not affect
plasma concentrations of calcium, phosphate, magnesium,
or sodium (Table 2). Vitamin D treatment increased crea-
tinine clearance by 8.5% (0.6–16.4%), and this was not
changed by adjustment for body surface area (data not
shown).

Vitamin D and 24-hour urine analyses

Compared to placebo, vitamin D treatment increased the
renal calcium-, magnesium and phosphate excretion by 32%
(16–49%), 20% (7–34%) and 16% (3–30%), respectively
(Table 2). After 12 weeks of supplementation, significantly
more women were hypercalcicuric in the vitamin D group,
(N= 9), as compared with the placebo group (N= 2), p=
0.03.

Vitamin D treatment did not affect 24 h urinary cortisol
or urine osmolality.

Vitamin D, lipids, lipoproteins, and glycated HbA1c

HDL cholesterol decreased in both groups during the win-
ter, but compared with placebo, vitamin D treatment
increased HDL cholesterol by 4.6% (0.12–9.1%, p= 0.04)
(Table 2 and Fig. 4). One patient started treatment with
simvastatin during the study. Excluding her from analyses
did not change the results. Five participants had abnormal
low HDL at baseline. Seven participants went from normal
( > 1.2 mmol/l) to low HDL ( ≤ 1.2 mmol/l) cholesterol sta-
tus during the study, with most (N= 6) receiving placebo.
One women (receiving vitamin D3) went from a low to a
normal HDL level. The changes were borderline significant
(p= 0.06).

There were no changes in total cholesterol, LDL cho-
lesterol, triglycerides, or glycated HbA1c in response to
treatment.

Vitamin D and cardiac conductivity

All participants had sinus rhythm with normal ECG inter-
vals at all examinations. Vitamin D treatment did not

Table 1 Baseline characteristics stratified by treatment allocation of
participants

Placebo
(N= 41)

Vitamin D
(N= 40)

p-value

Age and body composition

Age (years 65 (62 to 68) 65 (61 to 68) 0.56

Body weight (kg) 70 (66 to 779) 75 (67 to 89) 0.18

Height (cm) 166 ± 6 166 ± 5 0.49

Body mass index (kg/m2) 27 (24 to 29) 27 (23 to 29) 0.41

Indices of bone health

Calcium intake (mg/day) 700 (650 to
1100)

825 (700 to 975) 0.66

History of fracture in
adulthood

6 (15) 12 (30) 0.08

Age at menopause, (years) 51 (47 to 53) 51 (49 to 53) 0.47

Smoking status

Never 22 (53.7) 24 (60.0) <0.05a

Current 8 (19.5) 1 (2.5)

Former 11 (26.8) 15 (37.5)

Weekly alcohol intakeb

< 1 Unit 8 (19.5) 6 (15.4) 0.78

1–7 Units 20 (48.8) 22 (56.4)

8–21 Units 13 (31.7) 11 (28.2)

Use of medication

Any 14 (34.1) 14 (35.0) >0.99

Proton pump inhibitors 2 (4.9) 4 (10.0) 0.43

Lipid lowering treatment 6 (14.6) 5 (12.5) >0.99

Inhalation therapy 3 (7.3) 1 (2.5) 0.62

Anti-depressive treatment 1 (2.4) 2 (5.0) 0.62

Mean ± standard deviation, median with 25 and 75% percentiles, or N
(%), Significant results are shown in bold
aPost-hoc analysis showed more current smokers in the placebo group
bData are missing in one participant in the vitamin D group. A unit of
alcohol is defined as one beer (33 cl), one glass of wine or 4 cl of hard
liquor
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change heart rate (as assessed by ECG, 24 h blood pressure
measurements, and SphygmoCor XCEL, (Table 3) or the
PR-, QRS-, and QTc-intervals, as assessed by ECG.

Vitamin D, blood pressure, and vascular stiffness

The number of successful blood pressure measurements in
the 24-hour investigation was 53 (51–56) and did not differ
between groups. There was no differences in different
measures of diastolic and systolic blood pressure (Table 3)

or estimates stratified in day- and night-time (data not
shown).

Nor were there any changes in SBP or DBP after 2 and
6 weeks neither (data not shown). Ambulatory PVW
and augmentation index (Aix) assessed by SphygmoCor
XCEL did not change significantly in response to treatment
(Table 3).

At baseline, 33% were systolic non-dippers and 19%
diastolic non-dippers (defined as a < 10% reduction in night,
as compared with awake blood pressure). Vitamin D

Table 2 Changes in biochemical indices by treatment

Reference range Week 0 Week 12 (% change) p-value

All (N= 81) Vitamin D (N= 40) Placebo (N= 41)

Plasma

PTH (pmol/l)a 1.6–6.9 6.1 (5.1 to 6.9) −11.4 (−15.6 to −7.2) 5.5 (1.3 to 9.8) < 0.00001

PTH (pmol/l)b 2.0–9.3 6.7 (5.5 to 7.8) −13.4 (−19.1 to −3.4) 7.6 (−1.1 to 18.5) < 0.00001

25(OH)D (nmol/l) 50–160 33 ± 9 199 (167 to 234) −13 (−18 to −8) < 0.00001

1,25(OH)2D (pmol/l) 60–180 53 ± 13 42 (29 to 55) −17 (−22 to −11) < 0.00001

Ionized calcium (nmol/l) 1.18–1.32 1.25 ± 0.04 0.1 (−1.0 to 1.2) −0.6 (−1.3 to 0.1) 0.29

Magnesium (nmol/l) 0.7–1.1 0.88 ± 0.06 −0.3 (−1.9 to 1.2) 0.9 (−0.5 to 2.4) 0.23

Phosphate (mmol/l) 0.76–1.41 1.0 ± 0.14 6.0 (2.2 to 9.9) 4.4 (0.4 to 8.5) 0.56

Sodium (nmol/l) 137–145 142 (141 to 144) −0.2 (−0.6 to 0.2) 0.0 (−0.5 to 0.5) 0.48

Aldosterone (pg/ml) 13–145 39 (27 to 56) 3.6 (−10.6 to 20.1) 2.6 (−14 to 22.3) 0.93

Renin (pg/ml) 1.1–20.2 4 (2.6 to 6.4) 7.1 (−7.6 to 24.2) −1.8 (23.2 to 25.7) 0.55

Aldosterone/renin ratio NA 9 (2.6 to 6.4) −3.2 (−16 to 11.9) 4.4 (−17.5 to 32.1) 0.58

Angiotensin 2 (pg/ml)c 2–30 7 (6 to 13) −23.3 (−40.0 to −0.7) −11.7 (−28.2 to 8.6) 0.37

Arginine vasopressine (pg/ml) NA 0.3 (0.2 to 0.4) 22 .8 (7.9 to 39.8) 4.2 (−7.6 to 17.6) 0.06

Cholesterol, total (mmol/l) < 5 5.5 ± 1.1 −0.8 (−5.1 to 6.4)d −2.4 (−9.8 to 3.8)d 0.24

Cholesterol, LDL (mmol/l) < 3.0 3.2 ± 0.9 1.0 (−3.2 to 5.5) 0.7 (6.5 to 8.4) 0.92

Cholesterol, HDL (mmol/l) > 1.2 1.8 ± 0.4 −2.6 (−5.3 to 0.2) −7.2 (−10.8 to −3.6) < 0.05

Triglycerids (mmol/l) < 2 1.0 (0.7 to 1.3) 8.1 (−2.1 to 18.7) 2.7 (−4.1 to 9.6) 0.15

HbA1c (mmol/mol) 31–44 39 (37 to 41) −2.2 (−3.5 to 0.9) −3.0 (−4.5 to −1.4) 0.44

Urine

Calcium (mmol/24 h) 2.0–7.0 3.5 (2.7 to 5.2) 32.3 (18.0 to 46.7) 0.0 (−8.6 to 8.6) <0.0001

Magnesium (mmol/24 h) 2.0–15.0 3.7 (2.9 to 4.9) 18.0 (8.4 to 28.5) −1.7 (−9.0 to 6.2) 0.002

Phosphate (mmol/24 h) 08–44 23.8 ± 1.3 13.5 (4.2 to 23.6) −1.6 (−9.5 to 7.0) 0.02

Sodium (mmol/24 h) 50–150 117 (96 to 156) 0.4 (−13.7 to 16.7) 9.9 (−2.5 to 23.8) 0.45

Cortisol (nmol/24 h) 37–300 75.9 ± 1.58e −6.0 (−18.4 to 8.4)d −6.8 (−19.5 to 7.8)d 0.93

Osmolality (mmol/kg) 300–900 415 (335 to 515) −7.3 (−15.3 to 1.4) 1.4 (−7.0 to 10.6) 0.44

The participants were lying down resting for 30 min before blood sampling. Baseline data are reported as means ± SD or medians with 25 and 75%
percentiles. Changes after 12 weeks are expressed as means with 95% confidence intervals

None of the data from week 0 differed between groups when stratified by treatment allocation, Significant results are shown in bold

1,25(OH)2D 1,25-dihydroxycholecalciferol, LDL low density lipoprotein, HDL high-density lipoprotein, HbA1c glycated hemoglobin A1c, NA not
available
aPTH is reported as the average of two measurements (Roche)
bPTH is reported as one measurement (Siemens)
cAngiotensin 2 was only measured in 41 women
dValues are median with 25 and 75% percentiles because of a skewed distribution
eOne patient was excluded from the analysis in the placebo group because of an elevated value at baseline that was normal when re-measured (after
batch)
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supplementation did not affect dipper status. Aldosterone
levels were lower in diastolic non-dippers (p < 0.05) at both
baseline and end of study, with no other markers of the
RAAS, lipids or arterial stiffness distinguishing dippers
from non-dippers (data not shown).

Blood pressure and renal calcium excretion

The weighted 24 h blood pressure measurements and the
renal calcium excretion correlated at baseline (DBP: r=
0.34, p= < 0.01, 0.04; SBP: r= 0.34, p < 0.01) and at end

Fig. 3 Plasma levels of 25-hydroxyvitamin D (25(OH)D, 1,25-dihy-
droxyvitamin D (1,25(OH)2D), parathyroid hormone (PTH) aldoster-
one, renin, and angiotensin 2 during follow-up. Data are presented as
means with 95% confidence intervals. p-values for 25(OH)D, 1,25
(OH)2D, PTH, aldosterone and renin are bases on analysis of variance
(ANOVA) for repeated measurements (RM-ANOVA). Comparison
between groups (independent t-test) are performed post-hoc (percen-
tages change from baseline) if RM-ANOVA have indicated a

significant between group difference. PTH is reported as the initial
PTH Roche measurement. Angiotensin 2 were only measured in 41
women at week 0 and 12 and the p-value for angiotensin 2 is a
comparison of changes between groups (independent t-test). The initial
increase in renin levels is attributable to co-treatment with an angio-
tensin 2-receptor blocker during the first 2 weeks (see text). Vitamin D
had no effect on renin at any time
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of study (DBP: r= 0.40, p < 0.001; SBP: r= 0.47, p= <
0.001). Mutual adjustments for age, weight, creatinine
clearance, current smoking, and levels of 25(OH)D did not
change the association for SBP and DBP at baseline or SBP
at end of study, whereas the association between renal
calcium excretion and DBP was no longer present at end of
study (data not shown).

Women with 25(OH)D levels ≤ 30 nmol/l

Restricting analyses to the subgroup of women with plasma
25(OH)D levels ≤ 30 nmol/l at baseline (N= 11 in the pla-
cebo group and N= 20 in the vitamin D group) showed
results similar to the overall findings. Between group

Fig. 4 Plasma levels of
cholesterol, triglycerides, and
lipoproteins during follow-up.
Data are presented as means
with 95% confidence intervals.
p-values are for differences
between groups by an
independent t-test

Table 3 Changes in blood
pressure, arterial stiffness, and
cardiac conductivity by
treatment groups

All (N= 81) Week 12 (% change) p-value

Vitamin D (N= 40) Placebo (N= 41)

24 h measurements

Systolic blood pressure (mmHg)a 129 (123 to 141) −0.3 (−3.0 to 2.5) −0.8 (−3.1 to 1.5) 0.54

Diastolic blood pressure (mmHg)a 75 ± 9 0.9 (−2.3 to 4.1) −1.1 (−3.8 to 1.5) 0.72

Middel arterial pressure (mmHg) 90 (84 to 101) −0.6 (−3.1 to 2.0) −0.8 (−3.1 to 1.6) 0.91

Heart rate (bpm) 71 ± 8 −2.6 (−5.4 to 0.3) −1.1 (−3.5 to 1.2) 0.43

Systolic dipping (%) 12 ± 7 −19.6 (−40.6 to 6.7)b −2.0 (−46.2 to 54.8)b 0.33

Diastolic dipping (%) 17 ± 8 −20.6 (−34.1 to 6.7)b −1.8 (−20.7 to 43.2)b 0.07

Ambulatory measurements

Pulse wave velocity (m/s) 7.5 (6.7 to 8.2) 0.4 (−4.3 to 5.2) 4.0 (−0.7; 8.9) 0.28

Central augmentation index (%) 40 (32 to 43) 0.8 (−9.5 to 16.6)b 2.8 (−5.0 to 17.1)b 0.53

Central systolic blood pressure (mm Hg) 133 (124 to 140) −1.4 (−3.8 to 1.0) −1.8 (−4.2 to 0.6) 0.83

Central diastolic blood pressure (mmHg) 83 ± 8 −1.3 (−3.9 to 1.4) −2.4 (−4.4 to −0.5) 0.47

Heart rate (bpm) 64 (58 to 67) −1.2 (−5.8 to 3.5) −1.0 (−5.2 to 3.1) 0.97

Systolic blood pressure (mmHg) 139 ± 14 −2.5 (−4.4 to −0.6) −4.0 (−6.1 to −2.0) 0.27

Diastolic blood pressure (mmHg) 81 ± 8 −2.5 (−4.4 to −0.6) −3.0 (−5.2 to −0.8) 0.73

QTc Bazzets formula (ms) 423 (409 to 435) −0.0 (−3.1 to 2.6)b −1.2 (−4.1 to 2.08)b 0.19

QTc Fridericias formula (ms) 413 (403 to 427) 0.0 (−2.9 to 1.9)b 0.5 (−2.9 to 1.9)b 0.44

Baseline data are reported as means ± SD or medians with 25 and 75% percentiles. Changes after 12 weeks
are expressed as means with 95% confidence intervals or medians with 25 and 75% percentiles
aA weighted mean including 75 participants at week 0 and 77 participants after 12 weeks
bValues are median with 25 and 75% percentiles because of a skewed distribution

24-h 24 h, SBP systolic blood pressure, DBP diastolic blood pressure, MAP mean arterial blood pressure

None of the data from week 0 differed between groups when stratified by treatment allocation
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differences following treatment in plasma levels of PTH, 25
(OH)D, and 1,25(OH)2D were significant and slightly more
pronounced compared to changes in the entire group of
randomized women, with no significant effects between
groups in any of the markers of cardiovascular health (data
not shown).

Post-hoc analysis exploring the substantial PTH
decrease

At baseline, PTH levels were 34% lower than at screening
12 (±6) days before.

To quantify a regression toward the mean effect, all PTH
measurements in Central Denmark Region (a total popula-
tion of 1.3 million) during 1 year (2016) were studied. A
total of 2765 individuals had at least two available mea-
surements of plasma PTH. Compared to the first measure-
ment, plasma levels of PTH at the second measurement
were 10.4% lower for the individuals with PTH > 6.9 pmol/l
(N= 1075), and 81.0% higher for the individuals with PTH
< 1.9 pmol/l (N= 40).

PTH reanalysis confirmed our initial findings and
showed similar response to vitamin D treatment (Table 2).

Compliance and adverse events

Compliance rate assessed by pill count was > 99% at all
visits. Overall, 71 adverse events were reported. The most
common adverse event was infections in the upper airways
(N= 27), with 14 (34%) in the placebo group and 13 (33%)
in the vitamin D group (p= 0.89). For all adverse events
reported, there were no significant differences between the
treatment groups.

Discussion

Using a placebo-controlled, randomized design, we showed
that a daily vitamin D3 supplement normalized vitamin D
status and reduced PTH, but the supplement had no effects
on RAAS activity or most measured cardiovascular mar-
kers. However, our study suggests an effect of vitamin D
supplementation of plasma levels of HDL cholesterol, as
HDL cholesterol decreased significantly more in the pla-
cebo group.

HDL cholesterol is known to exhibit a seasonal variation
with peak levels in January [29, 30]. As most of our par-
ticipants (78%) were included in January and February, this
may explain the decrease in HDL cholesterol in both
groups. The association between HDL and vitamin D3 is in
accordance with several observational studies [31, 32],
whereas findings from RCTs and Mendelian randomization
studies are inconclusive [31, 33]. Although low levels of

HDL cholesterol are associated with an increased risk of
CVD, causality has so far not been established [34].
Changes in HDL levels in response to treatment was a
secondary outcome, and we cannot exclude that our find-
ings may be attributable to a statistical type one error.
Larger RCTs to assess causality between vitamin D and
HDL cholesterol are warranted.

In previous trials investigating the effect of vitamin D
supplementation on RAAS activity, discrepant results have
been reported. In a few trials, supplementation with vitamin
D is shown to decrease plasma levels of renin, aldosterone,
and blood pressure [6–8, 35]. In the most recently published
study by McMullan et al. [9], supplementation with ergo-
calciferol (vitamin D2) did not cause significant effects on
blood pressure or RAAS activity. No associations between
25(OH)D and the RAAS were found. It has been argued
that vitamin D2 is less effective than vitamin D3 [36].
However, our data do not support such an explanation, as
we trialed vitamin D3 and similar to McMullan et al. [9]
found no effects on cardiovascular indices.

The potential effect of vitamin D on blood pressure has
been extensively investigated. Most meta-analyses on RCTs
have not documented beneficial effects of vitamin D sup-
plementation on blood pressure [3]. A Mendelian rando-
mization study including 142,255 individuals reported a
10% increase in genetically determined 25(OH)D con-
centration is associated with a 0.29 mmHg decrease in DBP
(95% CI –0.52 to –0.07), illustrating a minor clinical impact
at best [37].

Increased arterial stiffness is an independent risk factor
for the development of CVD, and intervention studies
investigating vitamin D insufficiency and/or hyperpar-
athyroidism reports reduced arterial stiffness in response to
treatment with vitamin D or parathyroidectomy [38–40].
Our study does not support such effects which is in agree-
ment with two recent published meta-analysis, showing no
significant effects of vitamin D supplementation on PVW or
AIx [41, 42].

Our study showed a slight, but significant increase in
creatinine clearance in response to vitamin D supple-
mentation. A priori, we did not expect effects of vitamin D
supplementation on renal function. Further studies are
needed to confirm whether this is a real effect of vitamin D
supplementation or a by chance finding.

Vitamin D is known to increase the intestinal absorption
of calcium, but most published studies have not shown
increased renal excretion in response to vitamin D supple-
mentation [10, 43, 44]. Surprisingly, our trial showed a 32%
(95% CI: 16 to 49) increased renal calcium excretion in
response to vitamin D supplementation. As an increase in
urinary calcium may increase the risk of nephrocalcinosis
and nephrolithiasis, it is of importance to assess such an
possible adverse effect further in upcoming studies [45].
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The renal calcium handling is of importance to calcium
homeostasis, and calcium levels influence blood pressure
regulation. In accordance with other studies, we found a
weak correlation between renal calcium excretion and most
24 h blood pressure measurements [46–48].

Our primary aim was to investigate whether a vitamin D
supplement and an assumed reduction in PTH reduced
plasma levels of aldosterone. Interventional trials conducted
ahead of ours, reported a positive interaction between PTH
and aldosterone, but most of these studies intervened with a
blood pressure reduction in terms of antihypertensive
treatment or adrenalectomy (in patients with primary
hyperaldosteronism) [13, 15, 49, 50]. Our study did not
show an association between PTH and the RAAS. While we
conducted this trial, the results from the only other RCT
designed to explore potential interactions between PTH and
aldosterone was published. The trial investigated effects of
8 weeks of aldosterone blockade with the selective miner-
alocorticoid receptor antagonist eplerenone in patients with
primary hyperparathyroidism [51]. Eplerenone reduced
blood pressure and tended to reduce urinary calcium
excretion, but did not affect PTH levels.

We speculate whether an alternative explanation for
studies reporting a positive association between PTH and
aldosterone levels is a blood pressure mediated SHPT. In
other words, lowering blood pressure reduces the renal
calcium- and magnesium excretion thereby increasing
plasma calcium and reducing PTH. Further studies should
aim at investigating such mechanisms in details.

At screening, all studied participants had low 25(OH)D
levels and PTH levels above the upper limit of normal. We
assumed that subjects with high PTH levels are the one
most likely to benefit from a vitamin D supplement. An
increased overall- and CVD-specific mortality has been
reported in people with levels of 25(OH)D < 30 and >
90 nmol/l [2]. Accordingly, it has been suggested that trials
investigating vitamin D and CVD should focus on popu-
lations with initial 25(OH)D levels <30 nmol/l and that
treatment concentrations above 100 nmol/l should be avoi-
ded [52]. We raised levels of vitamin D 25(OH)D to
90 nmol/l. Although our subgroup analysis on participants
with very low 25(OHD levels ( ≤ 30 nmol/l) may be limited
by a low number of subjects (N= 31), the subgroup ana-
lyses did not show any signs of a beneficial effect of vitamin
D supplementation on cardiovascular markers. It would
have been preferred to include women with very low levels
of vitamin D only, but if so, the inclusion of participants
would have been extremely difficult in our set-up.

Our study has several strengths as well as limitations.
Importantly, the trial was designed according to the scien-
tific gold standard as a randomized placebo-controlled trial
designed to evaluate the effect of vitamin D treatment in
women with low 25(OH)D levels and SHPT. Inclusion

succeeded, and there was no drop out. Baseline character-
istics were well balanced between study groups. Partici-
pants had a high compliance rate, and we avoided seasonal
changes in 25(OH)D and PTH levels by conducting the
study during winter season. We excluded conditions influ-
encing the RAAS and/or the normal calcium homeostasis to
minimize bias, leaving a group of healthy, vitamin D
insufficient participants.

Surprisingly, we found a 34% (95% CI: 31–37%) lower
PTH level at baseline compared to screening. An obvious
explanation is a regression toward the mean bias, but as
quantified, this may only partly explain the lower levels. In
order to quantify a regression toward the mean effect, we
performed an ancillary analysis, showing that the magnitude
of such an effect is approximately 10%.

Other possible mechanisms are fasting and diurnal var-
iation. PTH is known to show a mid-morning nadir, with a
diurnal amplitude at 34% and fasting lowers PTH levels by
around 10% [53–55]. As opposed to the screening measures
collected at a random time during the day, all blood
samples in the study were collected in the morning after an
overnight fast. If PTH levels at baseline had been measured
as non-fasting samples after the morning nadir, more par-
ticipants would probably have had PTH levels above the
upper limit of the reference interval, as all participants had
at screening. As we are in a non-fasting state most of the
day, this could be a more appropriate reflection of “true”
PTH levels.

During the two weeks, the study was co-designed to
investigate the PTH response to valsartan treatment. There
was no interaction between treatment with the vitamin
D3 supplement and valsartan [20] and although the factorial
design is a limitation to measurements after two weeks, the
half-life of valsartan is 6–9 h making an effect on reported
12 weeks measures unlikely [56].

It is also a limitation, that we did not estimate food intake
during the study. The effect of randomization and com-
parable 24 h renal sodium excretions (the gold standard to
assess sodium intake), however, argue against profound
differences between groups. Finally, as most included
women were normotensive, our results do not necessarily
apply to hypertensive women.

In conclusion, a daily vitamin D3 supplementation nor-
malized vitamin D status and reduced PTH levels without
affecting RAAS activity. We found a weak positive asso-
ciation between blood pressure and renal calcium excretion,
but our study does not support a direct association between
25(OH)D or PTH and the RAAS. Except from a small
potential beneficial effect on HDL cholesterol, vitamin D3
had no effect on markers of cardiovascular health. Changes
in HDL was a designed secondary end point, and larger
studies primary designed to study the effect on cholesterol
status are warranted.
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