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Abstract

Background: Although several studies indicate a link between vitamin D status and blood pressure (BP), the
results are inconsistent. The purpose of this study is to investigate whether in predominantly non-obese elderly
people without vitamin D deficiency or very high intact parathyroid hormone (iPTH) levels serum 25-
hydroxyvitamin D3 [25(OH)D3] and iPTH are independently associated with BP.

Methods: Cross-sectional data of 132 non-institutionalised subjects (90 women and 42 men, aged 66- 96 years)
from Giessen, Germany, were analysed. Serum 25(OH)D3 and iPTH were measured by an electrochemiluminescence
immunoassay and BP was determined with a sphygmomanometer. We performed univariate and multiple
regression analyses to examine the influence of 25(OH)D3 and iPTH on BP with adjustments for age, body
composition and lifestyle factors.

Results: While iPTH had no impact on BP, 25(OH)D3 was negatively associated with systolic BP in men, but not in
women. After splitting the cohort into antihypertensive medication users and non-users, 25(OH)D3 was a significant
predictor for systolic and diastolic BP only in men not receiving antihypertensive medicine, even after multiple
adjustment. Adjustment for 25(OH)D3 resulted in an inverse association of iPTH with diastolic BP also only in men
without intake of antihypertensive medicine.

Conclusions: In elderly men without vitamin D deficiency and not taking antihypertensive medicine, 25(OH)D3

may be a negative determinant of BP, independent of iPTH, body composition and lifestyle factors. Furthermore,
iPTH may be an independent negative determinant of diastolic BP in men not taking antihypertensive medicine.
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Background
Vitamin D may play an important role in blood pressure
(BP) regulation. Numerous cells within the human body
are able to express the vitamin D receptor, including car-
diomyocytes, vascular smooth muscle cells, endothelial
cells and renin-producing juxtaglomerular cells [1-3].
At present, results regarding the impact of vitamin D

status, determined by circulating 25-hydroxyvitamin D
concentrations [25(OH)D], on BP or hypertension are
inconsistent. While some studies reported a negative asso-
ciation between vitamin D and BP [4-11], other studies

failed to confirm a relationship [12-18] or even reported a
positive association [19]. Parathyroid hormone (PTH),
which rises in case of a low vitamin D status, may also
affect BP [17,18,20-22], but studies are also inconsistent.
Subjects in previous studies were partially hypertensive
patients [16], morbidly obese [12] or suffered from vitamin
D deficiency [23] or primary hyperparathyroidism [22].
Some of the previous studies reported non-fasting mea-
surements [13,17,20], focused on either women or men
[5,18] or did not control for potential confounders, such
as age, estimated glomerular filtration rate (eGFR), body
composition, nutrient intake, use of vitamin D supple-
ments, antihypertensive medication, sun exposure, physi-
cal activity or smoking [4,13,22], which may be associated
with vitamin D status, PTH and BP. In addition, previous
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studies often concentrated exclusively on vitamin D or
PTH without considering the interaction between both
[6-10].
Elderly people are at risk of developing hypertension

[24] and of suffering from vitamin D deficiency because
of age-related declines in endogenous vitamin D synth-
esis, sun exposure and dietary intake [25]. Therefore, and
in view of the inconsistent results of previous studies, the
primary objective of our study was to test whether 25-
hydroxyvitamin D3 [25(OH)D3] or intact PTH (iPTH)
contribute to BP in non-institutionalised elderly people,
independently of each other and potential confounding
factors, such as age, eGFR, body composition, sun expo-
sure, physical activity, vitamin D and calcium intake,
alcohol consumption and smoking behaviour. Further-
more, we analysed whether differences regarding the
impact of 25(OH)D3 and iPTH on BP exist between sub-
jects receiving antihypertensive drugs and subjects with-
out such a medication.

Methods
Subjects
Subjects were participants of the GISELA study, a pro-
spective cohort study in which the nutrition and health
status of senior citizens from Giessen, Germany (50°35’
North) have been observed at annual intervals since
1994 and biannual intervals since 1998. For enrolment,
subjects had to be at least 60 years of age and physically
mobile. All investigations took place in the Institute of
Nutritional Science in Giessen from July to October.
After subjects had become familiar with the trial proce-
dure, written informed consent was obtained from each
participant. The study protocol was approved by the
Ethical Committee of the Faculty of Medicine at the Jus-
tus-Liebig-University, Giessen.
The present investigation reports cross-sectional data

from the GISELA study obtained in 2008. Subjects with
incomplete data were excluded (n = 118), as were indivi-
duals who suffered from chronic kidney disease (n = 4)
or oedema (n = 6) or who took diuretics (n = 8). Seven
subjects were identified as outliers regarding their 25
(OH)D3 and iPTH measurements and/or the residuals
of the regression analyses and were therefore not
included. After these exclusions, of the 275 elderly peo-
ple who took part in the follow-up in 2008, data from
90 women and 42 men remained for the following
analysis.

Anthropometric data and body composition
Body weight, body height, body mass index (BMI), waist-
to-hip ratio (WHR), waist circumference (WC) and hip
circumference were determined as described elsewhere
[26]. Body composition was recorded by a single-fre-
quency (50 kHz) bioelectrical impedance analyser (Akern-

RJL BIA 101/S, Data Input, Frankfurt, Germany) according
to the instructions of the manufacturer and the predictive
formula from Roubenoff et al. [27]. This equation was
chosen because it was derived from a reference population
similar in age to our study subjects and with the same
measurement conditions. Moreover, this equation has
been validated against dual-energy X-ray absorptiometry
(DXA) body composition measurements.

Lifestyle factors
Nutritional intake was determined using a three-day esti-
mated dietary record, which was developed and validated
for the GISELA study [28]. Smoking behaviour, time
spent outdoors as indicator for sun exposure, physical
activity patterns and further data, such as age, diseases,
medications and supplement intake, were collected using
self-administered questionnaires. Smoking behaviour was
coded as a dummy variable in two categories: never-smo-
kers were allocated to category one, while category two
comprised both current smokers and ex-smokers. The
use of antihypertensive drugs and the intake of vitamin D
supplements were also coded as dummy variables (no/
yes). The physical activity level (PAL) of each participant
was assessed as described elsewhere [26].

Blood pressure
Arterial BP was measured between 7:00 a.m. and 11:00
a.m. after a rest of at least 5 min via a sphygmoman-
ometer with a cuff and a stethoscope to detect the Kor-
otkoff sound. Each subject was asked to take a seated
position, and their arm was supported at heart level.
The first Korotkoff sound was defined as systolic BP
(SBP), while the last sound was determined as diastolic
BP (DBP). Hypertension was defined as SBP > 140
mmHg and/or DBP > 90 mmHg and/or intake of anti-
hypertensive drugs [29].

Laboratory measurements
Blood samples were collected between 7:00 a.m. and
11:00 a.m. after an overnight fast. After immediate centri-
fugation, serum aliquots were stored at -70°C for further
analysis. Both 25(OH)D3 and iPTH were measured by an
electrochemiluminescence immunoassay (ECLIA, Modu-
lar E170, Roche Diagnostics®, Mannheim, Germany) in
the Limbach Laboratory, Heidelberg, Germany. The coef-
ficient of variation for the total analytic precision of this
assay was ≤ 9.9 % for 25(OH)D3 and ≤ 5.9 % for iPTH.
The lower detection limits of this assay were 10.0 nmol/L
for 25(OH)D3 and 0.127 pmol/L for iPTH. More details
are available from Roche Diagnostics [30,31].
We defined 25(OH)D3 levels < 25.0 nmol/L as vitamin

D-deficient. Due to the lack of an international consen-
sus on an optimal 25(OH)D3 status, we applied two cut-
off values as adequate (≥ 50 nmol/L and ≥ 75 nmol/L).
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Serum creatinine was measured by photometric detec-
tion (Shimadzu UV-160A) according to the Jaffé reac-
tion [32]. The eGFR, which served as a marker of the
kidney function, was calculated with the simplified Mod-
ification of Diet in Renal Disease study (MDRD) for-
mula: eGFR (mL/min/1.73 m2) = 186 × (serum
creatinine mg/dL)-1.154 × age-0.203 × (0.742 if female)
[33].

Statistical analysis
The characteristics of the study participants were
expressed as median and 5th to 95th percentile due to non-
normally distributed data. Depending on the sample size,
normal distribution was tested by the Shapiro-Wilk test
and by the Kolmogorov-Smirnov test with the Lilliefors
correction and by visual inspection of histograms. Descrip-
tive characteristics were compared between sexes via the
Mann-Whitney U test for continuous variables. The c2

test or, alternatively, Fisher’s exact test was used for cate-
gorical variables. The cohort was split by BP into two
groups such that normotensive subjects were compared
with hypertensive participants regarding the prevalence of
vitamin D insufficiency by means of the Fisher’s exact test.
In addition, subjects under antihypertensive medication
were compared to subjects free of antihypertensive treat-
ment regarding BP values, anthropometric data, % TBF,
25(OH)D3, iPTH as well as the prevalence of vitamin D
insufficiency using the Mann-Whitney U test and the Fish-
er’s exact test when appropriate.
We examined associations between 25(OH)D3 and

iPTH as well as associations of 25(OH)D3, iPTH, eGFR,
age, parameters of anthropometry and body composition,
and lifestyle factors with BP by univariate regression ana-
lyses. Those variables that exhibited a significant associa-
tion with either SBP or DBP in univariate analyses were
considered as confounding variables in the sex-specific
multiple regression analyses with SBP and DBP as depen-
dent variables and 25(OH)D3 and iPTH as independent
variables, respectively. In addition, we conducted a sub-
group analysis by comparing participants taking antihy-
pertensive medicine with subjects without such a
treatment. Because there were no major changes in the
results when 25(OH)D3 and iPTH were logarithmically
transformed, we report only the non-transformed data.
All statistical analyses were conducted with SPSS 18.0 for
Windows (SPSS Inc., Chicago, USA). The significance
level was set at P < 0.05. All tests were two-tailed.

Results
Characteristics of the study subjects
The characteristics of the study population are sum-
marised in Table 1. No significant differences between
sexes were observed in BP, 25(OH)D3, iPTH, age, BMI,
PAL, sun exposure, vitamin D and calcium intake and

in the percentage of subjects who received antihyperten-
sive drugs or who suffered from elevated BP. Men had
higher values for WC, WHR, eGFR and alcohol con-
sumption and included a lower percentage of never-
smokers than women, whereas women had a higher %
TBF. The median vitamin D intake of both women and
men did not meet the current recommendation of 20 μg
vitamin D per day [34].
None of the subjects had a serious vitamin D deficiency

(25(OH)D3 < 25 nmol/L). However, 23.3 % (n = 21) of
the women and 21.4 % (n = 9) of the men had 25(OH)D3

levels < 50 nmol/L, while 16.7 % (n = 15) of the female
and 21.4 % (n = 9) of the male participants had a 25(OH)
D3 status of ≥ 75 nmol/L. Hyperparathyroidism, which
was defined as iPTH levels > 6.9 pmol/L, had 6.7 % (n =
6) of the women and 9.5 % (n = 4) of the men. In the uni-
variate regression analysis using 25(OH)D3 as the inde-
pendent and iPTH as the dependent variable, an inverse
association was observed only in women (women: b =
-0.297; P = 0.004 and men: b = -0.150; P = 0.342).
In women, SBP, DBP, anthropometric data (except for

WHR) and % TBF were significantly higher in subjects
under antihypertensive medication compared to women
free of antihypertensive treatment (all P < 0.01), whereas
men showed no such differences based on antihyperten-
sive treatment (all P > 0.05). Neither 25(OH)D3 nor
iPTH were significantly different between BP medication
users and non-users in either sex (all P > 0.200).

Prevalence of vitamin D insufficiency and blood pressure
Hypertension had 70.0 % of the women and 71.4 % of the
men. The prevalence of vitamin D insufficiency did not
differ between hypertensive and normotensive subjects,
independent of using the 50 nmol/L (women: 23.8 % vs.
22.2 %, P = 1.000 and men: 26.7 % vs. 8.3 %, P = 0.247)
or 75 nmol/L (women: 79.4 % vs. 92.6 %, P = 0.215 and
men: 86.7 % vs. 58.3 %, P = 0.090) cut-off value to define
an optimal vitamin D status. In addition, no differences
between participants who were under antihypertensive
medication and participants without antihypertensive
treatment were found with respect to the prevalence of
vitamin D insufficiency, independent of using the 50
nmol/L (women: 23.6 % vs. 22.9 %, P = 1.000 and men:
20.8 % vs. 22.2 %, P = 1.000) or 75 nmol/L (women: 78.2
% vs. 91.4 %, P = 0.147 and men: 83.3 % vs. 72.2 %, P =
0.462) cut-off value.

Univariate and multiple regression analyses regarding the
association between vitamin D status, intact parathyroid
hormone and blood pressure
Table 2 presents the results of the univariate regression
analyses of SBP and DBP with relevant parameters. In
women, SBP was positively associated with BMI, WC, %
TBF and antihypertensive medication, whereas DBP was
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negatively associated with age and positively associated
with antihypertensive treatment. In men, SBP was nega-
tively influenced by 25(OH)D3 and positively associated
with WHR, whereas DBP was inversely linked to cal-
cium intake and positively associated with WC and
WHR.
The results of the multiple regression analyses for

each sex are given in Table 3. Because of the observed
collinearity of WC, WHR, BMI and % TBF (data not
shown), the variable that showed the strongest associa-
tion with SBP or DBP (Table 2) was added as an inde-
pendent variable to the respective model. Consequently,
% TBF was included as an independent variable in the
female model, while WHR was integrated in the model
for men. After adjustment of BP for age, % TBF, antihy-
pertensive medication and mutual adjustment for iPTH
or 25(OH)D3, neither 25(OH)D3 nor iPTH predicted BP
in women. In men, even after adjusting BP for iPTH,
WHR and calcium intake, 25(OH)D3 remained an inde-
pendent negative predictor of SBP. Besides 25(OH)D3,
WHR was also a predictor of SBP, and together they
accounted for approximately 21.9 % of the variance of
SBP.
In men, but not in women, BP medication-users and

non-users differed regarding the association between 25
(OH)D3, iPTH and BP (Table 4): In men, significant
inverse associations between 25(OH)D3 and both SBP

and DBP were only present in the group free of antihy-
pertensive treatment. Serum iPTH had no impact on BP
until adjustment for 25(OH)D3 was performed, where-
upon a negative association between iPTH and DBP was
only found in subjects free of antihypertensive treat-
ment. The linear relationships of 25(OH)D3 with SBP
and DBP in men separated by the intake of antihyper-
tensive medicine are illustrated in Figure 1.

Discussion
This is the first investigation in a non-institutionalised
elderly German cohort without vitamin D deficiency
showing an independent association of 25(OH)D3 with
SBP in elderly men by considering a variety of potential
confounding factors including iPTH. Whether this asso-
ciation reflects a causal relationship is open to discussion
because of the cross-sectional character of our study. With
regard to the mechanism of how the vitamin D endocrine
system acts as a regulator of BP several theories are cur-
rently being discussed, including the inhibition of the
renin-angiotensin system and the enhancement of insulin
sensitivity by vitamin D as well as the direct impact of vita-
min D on vasculature and heart muscle [1,2,35]. In a
population-based study, a low 25(OH)D status has been
linked to increased heart rate and rate-pressure product,
such that an enhancement of cardiac work due to a subop-
timal vitamin D status can be assumed [10]. However, the

Table 1 Descriptive characteristics of the study population

Women (n = 90) Men (n = 42)

Median P5, P95 Median P5, P95 P a)

Age (y) 75.5 68.0-86.5 76.0 70.0-84.7 0.321

Body mass index (kg/m2) 26.9 21.1-34.5 26.3 22.9-32.3 0.456

Waist circumference (cm) 90.0 71.6-108.4 99.0 84.6-113.7 < 0.0001

Waist-to-hip ratio 0.85 0.75-0.93 0.95 0.86-1.06 < 0.0001

Total body fat (%) 42.4 32.6-50.2 28.9 21.6-37.9 < 0.0001

25(OH)D3 (nmol/L) 59.4 40.5-90.6 66.9 39.9-88.8 0.132

iPTH (pmol/L) 4.5 2.3-7.4 4.1 1.8-8.3 0.315

Systolic blood pressure (mmHg) 140.0 110.0-167.8 130.0 110.0-181.9 0.327

Diastolic blood pressure (mmHg) 72.0 60.0-90.0 70.0 60.0-92.4 0.172

eGFR (mL/min/1.73 m2) 56.2 43.1-71.3 63.7 46.5-80.4 < 0.0001

Vitamin D intake (μg/d) 2.5 0.3-10.1 3.3 1.0-11.3 0.149

Calcium intake (g/d) 1.0 0.5-1.7 1.0 0.6-1.6 0.961

Alcohol intake (g/d) 2.3 0.0-16.1 5.5 0.0-30.0 0.013

Sun exposure (min/d) 120.0 40.0-360.0 150.0 23.8-394.0 0.071

Physical activity level 1.7 1.5-1.9 1.6 1.4-1.9 0.319

Current or ex-smokers, n (%) 21 23.3 30 71.4 < 0.0001

Vitamin D supplement users, n (%) 13 14.4 2 4.8 0.143

Elevated blood pressure, n (%) b) 38 42.2 15 35.7 0.569

Antihypertensive drugs, n (%) 55 61.1 24 57.1 0.706

Abbreviations: P5, 5th percentile; P95, 95th percentile; 25(OH)D3, 25-hydroxyvitamin D3; iPTH, intact parathyroid hormone; eGFR, estimated glomerular filtration
rate.
a) Mann-Whitney U test for continuous variables and c2 test for categorical variables.
b) Elevated blood pressure was defined as SBP > 140 mmHg and/or DBP > 90 mmHg.
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observed impact of the vitamin D status on BP could also
be mediated by PTH [17,20]. Primary hyperparathyroidism
has been linked to increased intima-media thickness of the
carotid artery as well as carotid stiffness [22]. Furthermore,
elevated BP could increase the urinary excretion of cal-
cium, thereby leading to lower serum calcium, which

consequently up-regulates PTH secretion [14]. In our
investigation, no associations were present between iPTH
and BP in the unstratified analysis independent of sex and
multiple adjustment, which is in accordance with some [5]
but not all previous studies [11,17,18,21]. There is evi-
dence that the association of iPTH with BP is more

Table 2 Univariate linear regression analyses between blood pressure and other parameters a)

Women (n = 90) Men (n = 42)

SBP DBP SBP DBP

SBP (mmHg) - 0.516 **** - 0.698 ****

25-Hydroxyvitamin D3 (nmol/L) -0.068 -0.005 -0.388 * -0.235

Intact parathyroid hormone (pmol/L) -0.007 -0.087 0.101 0.088

eGFR (mL/min/1.73 m2) -0.019 0.123 -0.139 0.060

Age (y) -0.026 -0.300 ** 0.099 0.088

Body mass index (kg/m2) 0.276 ** 0.154 0.229 0.211

Waist circumference (cm) 0.230 * 0.090 0.282 0.342 *

Waist-to-hip ratio 0.167 0.019 0.411 ** 0.423 **

Total body fat (%) 0.382 *** 0.194 0.012 0.071

Vitamin D intake (μg/d) -0.019 -0.169 0.082 -0.024

Calcium intake (mg/d) -0.086 -0.027 -0.105 -0.365 *

Alcohol intake (g/d) -0.059 0.112 -0.039 0.158

Sun exposure (min/d) -0.032 -0.078 0.021 -0.066

Physical activity level -0.158 -0.194 -0.068 -0.095

Current or past smoking b) -0.103 -0.116 0.136 -0.007

Antihypertensive medication b) 0.332** 0.281** 0.230 0.131

Vitamin D supplement use b) -0.031 0.041 0.010 0.098

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate.
a) Univariate regression analyses with SBP and DBP as dependent variables. The shown values represent the standardised coefficient b. * P < 0.05; ** P < 0.01; ***
P < 0.001; ****P < 0.0001.
b) Dummy variable (no/yes).

Table 3 Multiple regression analyses using inclusion procedure of factors possibly associated with blood pressure a)

Women (n = 90) SBP (mmHg) DBP (mmHg)

B b P B b P

Intercept 93.689 0.013 116.202 < 0.0001

25(OH)D3 (nmol/L) -0.059 -0.046 0.669 -0.067 -0.104 0.334

iPTH (pmol/L) -0.204 -0.017 0.871 -0.455 -0.075 0.468

Age (y) 0.010 0.003 0.976 -0.532 -0.327 0.002

BP medication 8.240 0.225 0.042 5.365 0.294 0.009

TBF (%) 1.029 0.292 0.011 0.033 0.019 0.866

Corr. R2 0.141 0.143

Men (n = 42) SBP (mmHg) DBP (mmHg)

B b P B b P

Intercept 62.674 0.186 43.040 0.044

25(OH)D3 (nmol/L) -0.503 -0.356 0.015 -0.125 -0.198 0.160

iPTH (pmol/L) -0.725 -0.068 0.653 -0.049 -0.010 0.945

WHR 117.728 0.387 0.013 49.992 0.366 0.017

Calcium (mg/d) -0.003 -0.050 0.729 -0.010 -0.320 0.028

Corr. R2 0.219 0.243

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; 25(OH)D3, 25-hydroxyvitamin D3; iPTH, intact parathyroid hormone; BP medication,
antihypertensive medication as dummy variable (no/yes); TBF, total body fat; WHR, waist-to-hip ratio. a) Multiple linear regression analyses with SBP or DBP as
dependent variables. The results of the linear regression analyses are expressed in terms of B (the unstandardised coefficient), b (the standardised coefficient),
and the adjusted coefficient of determination (corr. R2).
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Table 4 Associations of 25-hydroxyvitamin D3 and parathyroid hormone with blood pressure in antihypertensive
medication users and non-users a)

Women (n = 90) BP medication users (n = 55) BP medication non-users (n = 35)

SBP (mmHg) DBP (mmHg) SBP (mmHg) DBP (mmHg)

25(OH)D3 (nmol/L) Model 1 -0.119 -0.122 -0.069 0.201

Model 2 -0.085 -0.146 0.077 0.133

Model 3 -0.103 -0.164 0.197 0.158

iPTH (pmol/L) Model 1 -0.062 -0.088 0.202 -0.004

Model 2 -0.077 -0.066 0.132 -0.022

Model 3 -0.096 -0.097 0.215 0.045

Men (n = 42) BP medication users (n = 24) BP medication non-users (n = 18)

SBP (mmHg) DBP (mmHg) SBP (mmHg) DBP (mmHg)

25(OH)D3 (nmol/L) Model 1 -0.163 -0.015 -0.674 ** -0.579 *

Model 2 -0.207 -0.088 -0.619 * -0.529 *

Model 3 -0.207 -0.088 -0.843 ** -0.785 **

iPTH (pmol/L) Model 1 0.127 0.185 0.010 -0.194

Model 2 -0.015 0.054 -0.053 -0.144

Model 3 -0.016 0.053 -0.449 -0.512 *

Abbreviations: BP medication, antihypertensive medication; SBP, systolic blood pressure; DBP, diastolic blood pressure; 25(OH)D3, 25-hydroxyvitamin D3; iPTH,
intact parathyroid hormone.
a) Multiple linear regression analyses with SBP and DBP as dependent variables and 25(OH)D3 and iPTH as independent variables after splitting the cohort into
antihypertensive medication users and non-users, respectively. The results are expressed in terms of the standardised coefficient b. Model 1: unadjusted
association. Model 2: model 1 additionally adjusted for waist-to-hip ratio and calcium intake (mg/d) in men and age (y) and total body fat (%) in women. Model
3: model 2 plus mutual adjustment for iPTH (pmol/L) and 25(OH)D3 (nmol/L) in both the male and female model, respectively. * P < 0.05; ** P < 0.01.

Figure 1 Associations of 25-hydroxyvitamin D3 with blood pressure in men separated by the use of antihypertensive medicine. A)
Association between 25-hydroxyvitamin D3 and systolic blood pressure in men without medication. B) Association between 25-hydroxyvitamin
D3 and systolic blood pressure in men with medication. C) Association between 25-hydroxyvitamin D3 and diastolic blood pressure in men
without medication. D) Association between 25-hydroxyvitamin D3 and diastolic blood pressure in men with medication. The P values and the
standardised coefficients b were calculated by univariate regression analyses.
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pronounced in subjects with elevated iPTH and/or sub-
jects with low calcium intake [13]. As the median calcium
intake of our cohort met the current recommendations of
1 g per day [36] and subjects with extreme iPTH values
were excluded, this may explain why we did not observe
an association between iPTH and BP.
We found an inverse association between 25(OH)D3

and iPTH in females, but not in males, which may be
attributed to hormonal differences, the lower sample
size of men and/or the higher % TBF in women. The
latter may result in a higher sequestration of 25(OH)D3

in the adipose tissue, which consequently up-regulates
iPTH secretion. The inverse association between 25
(OH)D3 and iPTH supports the requirement of a mutual
adjustment to evaluate independent effects of vitamin D
and iPTH on BP. Some studies have addressed the effect
of both 25(OH)D and PTH on BP in an elderly cohort
[4,17,18]; however, the majority of these studies per-
formed no mutual adjustment for 25(OH)D and PTH.
In two studies, 25(OH)D was not significantly associated
with BP, while elevated PTH was significantly related to
higher BP [17,18]. The authors argued that the reason
for the missing association of 25(OH)D with BP is per-
haps attributed to the high vitamin D status of their
participants [17,18]. It should be noticed that the med-
ian vitamin D status of our subjects was also well in the
range considered as sufficient. As in our study, Almirall
et al. [4] found an association of 25(OH)D with SBP,
but not with DBP, after adjustment for several covari-
ates; however this study included predominantly vitamin
D-insufficient [25(OH)D < 50 nmol/L] individuals and
did not control for PAL, sun exposure, vitamin D intake
and iPTH.
There are some studies in younger study populations,

which mutually adjusted for 25(OH)D and PTH. Jorde
et al. [37] reported a significant inverse cross-sectional
association of 25(OH)D quartiles with SBP in ≥ 25 year-
old subjects of the Tromsø Study, whereas the associa-
tion between 25(OH)D quartiles and DBP failed to
reach the significance level after multiple adjustment. In
agreement with our results, the additional inclusion of
PTH in the multiple regression models by Jorde et al.
[37] did not alter the results. In the NHANES 2003-
2006, both 25(OH)D and PTH were associated with BP
and the prevalence of hypertension in participants aged
≥ 20 years not taking antihypertensive medicine, but the
association of 25(OH)D with BP attenuated when
adjusted for PTH [11]. He and Scragg [20] reported a
non-significant association between 25(OH)D and BP in
subjects aged ≥ 20 years after controlling for both PTH
and BMI, while the relation of PTH with BP was not
considerably affected by 25(OH)D and BMI. Obesity is
considered as a risk factor for hypertension [38] and
may also be related to the vitamin D endocrine system

[39]. Therefore, body composition can be a confounding
factor in the associations between vitamin D, PTH and
BP [20,23]. In our male participants, body composition
as well as iPTH and lifestyle factors had no impact on
the association between 25(OH)D3 and SBP, which sug-
gests that the underlying mechanism in the association
between vitamin D and BP is independent of these con-
founding variables.
Our results support the hypothesis that the effect of

vitamin D on BP is more pronounced for SBP than for
DBP [9,37,40]. Interestingly, we found an independent
impact of 25(OH)D3 on SBP and DBP in the men with-
out antihypertensive treatment, but not in those under
antihypertensive medication. Moreover, iPTH was inver-
sely linked to DBP in men without antihypertensive
treatment after additional adjustment for 25(OH)D3,
which has not been reported before. In accordance with
our results, Scragg et al. [10] found no association
between 25(OH)D and SBP in a subgroup analysis with
participants taking BP lowering drugs, whereas in the
entire cohort a significant association was observed. In
contrast, others [17,18] found no significant association
between 25(OH)D and BP even after exclusion of sub-
jects using antihypertensive medication, whereas PTH
remained positively associated with BP. In one study,
the association between PTH and BP in elderly Chinese
men was stronger when subjects using antihypertensive
medication were excluded [18]. Almirall et al. [4]
reported a correlation of 25(OH)D with BP in subjects
with and without antihypertensive treatment; however,
this association was slightly stronger in the non-treated
group. The reason why the association between 25(OH)
D3 and BP as well as the relation between iPTH and
DBP was only present in the non-treated group of
elderly men in our study requires further investigation.
Although a false-positive finding cannot be ruled out,
one possible explanation could be that antihypertensive
medication includes often inhibitors of the renin-angio-
tensin system, so that vitamin D may have no additional
effect on BP in subjects taking antihypertensive drugs.
The unexpected negative impact of iPTH on DBP in
our study might be due to the enhanced production of
1,25-dihydroxyvitamin D3, which possibly functions as
an inhibitor of the renin-angiotensin system [1,2]. The
question arises why we did not obtain the same findings
in the women. The observed sex differences may be
attributed to hormonal differences and/or the fact that
significant differences in BP and % TBF between sub-
jects with and without antihypertensive medication were
only present in women. The higher BP in women under
antihypertensive medication may indicate that the anti-
hypertensive treatment so far was less efficient in the
female subjects. Because we have no information on the
brand, duration or dosage of antihypertensive drugs,
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possible differences between sexes regarding these drug-
related data may also be conceivable explanations. The
women might have taken other drugs than men, e.g.
beta blocker instead of inhibitors of the renin-angioten-
sin system. Finally, women and men differed substan-
tially with respect to their predictors of BP. Altogether,
these differences might explain why the 25(OH)D3 sta-
tus was only associated with BP in men.
In the present study, neither the estimated nutritional

vitamin D intake nor the assessed supplemental vitamin
D usage did affect BP, which is in accordance with the
literature [13,41,42]. The missing associations of vitamin
D intake with 25(OH)D3 and iPTH (data not shown)
and the low amount of vitamin D intake in our study
may be responsible for this observation. Instead, we
found that the calcium intake was an independent nega-
tive determinant of DBP in men, as noted in other stu-
dies [42]. One can assume that in case of an adequate
calcium intake and sufficient sun exposure, the habitual
vitamin D intake may have no additional effect on BP.
In addition, contrary to some other studies [43], daily
alcohol intake was not associated with BP in the present
investigation, which may be attributed to the relatively
low median intake level of our subjects, and/or, possibly,
due to the fact that our analysis was not stratified by
type of alcoholic beverages, patterns of drinking or
acute vs. chronic effects.
Our study has some limitations, including the cross-

sectional design, which limits our ability to establish
causal relationships. Due to the small sample size, it is
possible that some associations were classified as not
statistically significant because of a type II error. Partici-
pants in this study were volunteers, had a higher educa-
tional level and were more aware of health issues than
their peers in the general German population [26].
Further limitations are the use of self-reported data, the
indirect estimates of sun exposure and physical activity
and missing data on type and the exact dosage and
duration of vitamin D supplements as well as antihyper-
tensive drugs. We have no information on serum cal-
cium levels, which were linked to BP [40]. However,
other studies have shown, that the association between
25(OH)D and BP may be independent of serum calcium
[9].

Conclusion
In conclusion, 25(OH)D3 may be a negative determinant
of BP in elderly men, especially in those not taking anti-
hypertensive medicine. On the basis of our results, it
can be supposed that this effect is independent of iPTH,
body composition and lifestyle factors. Furthermore,
iPTH may be an independent negative determinant of
DBP in subjects not taking antihypertensive medicine.
Our findings indicate that an increase in serum 25(OH)

D3 levels in elderly men, even without vitamin D defi-
ciency, might contribute to the prevention of
hypertension.

Abbreviations
BP: blood pressure; 25(OH)D3: 25-hydroxyvitamin D3; iPTH: intact parathyroid
hormone; eGFR: estimated glomerular filtration rate; SBP: systolic blood
pressure; DBP: diastolic blood pressure; GISELA: longitudinal study on
nutrition and health status in senior citizens of Giessen: Germany; NHANES:
national health and nutrition examination survey; BMI: body mass index;
WHR: waist-to-hip ratio; WC: waist circumference; TBF: total body fat; PAL:
physical activity level

Acknowledgements
This investigation received no specific grant from any funding agency in the
public, commercial or non-profit sectors.

Author details
1Institute of Nutritional Science, Justus-Liebig-University, Goethestrasse 55,
35390 Giessen, Germany. 2Endocrinology and Oncology Department,
Limbach Laboratory, 69126, Heidelberg, Germany.

Authors’ contributions
AJ developed the study hypothesis, performed the statistical analysis,
interpreted the data and wrote the manuscript. HJR analysed the blood
samples. MNB designed the study and conducted the research. All authors
read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 10 January 2012 Accepted: 21 March 2012
Published: 21 March 2012

References
1. Li YC, Kong J, Wei M, Chen ZF, Liu SQ, Cao LP: 1,25-Dihydroxyvitamin D(3)

is a negative endocrine regulator of the renin-angiotensin system. J Clin
Invest 2002, 110:229-238.

2. Li YC: Vitamin D regulation of the renin-angiotensin system. J Cell
Biochem 2003, 88:327-331.

3. Zittermann A, Koerfer R: Vitamin D in the prevention and treatment of
coronary heart disease. Curr Opin Clin Nutr Metab Care 2008, 11:752-757.

4. Almirall J, Vaqueiro M, Baré ML, Anton E: Association of low serum 25-
hydroxyvitamin D levels and high arterial blood pressure in the elderly.
Nephrol Dial Transplant 2010, 25:503-509.

5. Forman JP, Curhan GC, Taylor EN: Plasma 25-hydroxyvitamin D levels and
risk of incident hypertension among young women. Hypertension 2008,
52:828-832.

6. Forman JP, Giovannucci E, Holmes MD, Bischoff-Ferrari HA, Tworoger SS,
Willett WC, Curhan GC: Plasma 25-hydroxyvitamin D levels and risk of
incident hypertension. Hypertension 2007, 49:1063-1069.

7. Judd SE, Nanes MS, Ziegler TR, Wilson PW, Tangpricha V: Optimal vitamin
D status attenuates the age-associated increase in systolic blood
pressure in white Americans: results from the third National Health and
Nutrition Examination Survey. Am J Clin Nutr 2008, 87:136-141.

8. Martins D, Wolf M, Pan D, Zadshir A, Tareen N, Thadhani R, Felsenfeld A,
Levine B, Mehrotra R, Norris K: Prevalence of cardiovascular risk factors
and the serum levels of 25-hydroxyvitamin D in the United States: data
from the Third National Health and Nutrition Examination Survey. Arch
Intern Med 2007, 167:1159-1165.

9. Scragg R, Sowers M, Bell C: Serum 25-hydroxyvitamin D, ethnicity, and
blood pressure in the Third National Health and Nutrition Examination
Survey. Am J Hypertens 2007, 20:713-719.

10. Scragg RK, Camargo CA, Simpson RU: Relation of serum 25-
hydroxyvitamin D to heart rate and cardiac work (from the National
Health and Nutrition Examination Surveys). Am J Cardiol 2010,
105:122-128.

11. Zhao G, Ford ES, Li C, Kris-Etherton PM, Etherton TD, Balluz LS:
Independent associations of serum concentrations of 25-hydroxyvitamin

Jungert et al. Nutrition & Metabolism 2012, 9:20
http://www.nutritionandmetabolism.com/content/9/1/20

Page 8 of 9

http://www.ncbi.nlm.nih.gov/pubmed/12122115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12122115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12520534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18827580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18827580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19749143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19749143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18838623?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18838623?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17372031?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17372031?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18175747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18175747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18175747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18175747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17563024?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17563024?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17563024?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17586404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17586404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17586404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20102903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20102903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20102903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20613627?dopt=Abstract


D and parathyroid hormone with blood pressure among US adults. J
Hypertens 2010, 28:1821-1828.

12. Hjelmesaeth J, Hofsø D, Aasheim ET, Jenssen T, Moan J, Hager H, Røislien J,
Bollerslev J: Parathyroid hormone, but not vitamin D, is associated with
the metabolic syndrome in morbidly obese women and men: a cross-
sectional study. Cardiovasc Diabetol 2009, 8:7.

13. Jorde R, Sundsfjord J, Haug E, Bønaa KH: Relation between low calcium
intake, parathyroid hormone, and blood pressure. Hypertension 2000,
35:1154-1159.

14. Morfis L, Smerdely P, Howes LG: Relationship between serum parathyroid
hormone levels in the elderly and 24 h ambulatory blood pressures. J
Hypertens 1997, 15:1271-1276.

15. Reis JP, von Mühlen D, Kritz-Silverstein D, Wingard DL, Barrett-Connor E:
Vitamin D, parathyroid hormone levels, and the prevalence of metabolic
syndrome in community-dwelling older adults. Diabetes Care 2007,
30:1549-1555.

16. Scragg R, Holdaway I, Singh V, Metcalf P, Baker J, Dryson E: Serum 25-
hydroxycholecalciferol concentration in newly detected hypertension.
Am J Hypertens 1995, 8:429-432.

17. Snijder MB, Lips P, Seidell JC, Visser M, Deeg DJ, Dekker JM, van Dam RM:
Vitamin D status and parathyroid hormone levels in relation to blood
pressure: a population-based study in older men and women. J Intern
Med 2007, 261:558-565.

18. Chan R, Chan D, Woo J, Ohlsson C, Mellström D, Kwok T, Leung P: Serum
25-hydroxyvitamin D and parathyroid hormone levels in relation to
blood pressure in a cross-sectional study in older Chinese men. J Hum
Hypertens 2012, 26:20-27.

19. Muray S, Parisi E, Cardús A, Craver L, Fernández E: Influence of vitamin D
receptor gene polymorphisms and 25-hydroxyvitamin D on blood
pressure in apparently healthy subjects. J Hypertens 2003, 21:2069-2075.

20. He JL, Scragg RK: Vitamin D, Parathyroid Hormone, and Blood Pressure in
the National Health and Nutrition Examination Surveys. Am J Hypertens
2011, 24:911-917.

21. Jorde R, Svartberg J, Sundsfjord J: Serum parathyroid hormone as a
predictor of increase in systolic blood pressure in men. J Hypertens 2005,
23:1639-1644.

22. Walker MD, Fleischer J, Rundek T, McMahon DJ, Homma S, Sacco R,
Silverberg SJ: Carotid vascular abnormalities in primary
hyperparathyroidism. J Clin Endocrinol Metab 2009, 94:3849-3856.

23. Schmitz KJ, Skinner HG, Bautista LE, Fingerlin TE, Langefeld CD, Hicks PJ,
Haffner SM, Bryer-Ash M, Wagenknecht LE, Bowden DW, Norris JM,
Engelman CD: Association of 25-hydroxyvitamin D with blood pressure
in predominantly 25-hydroxyvitamin D deficient Hispanic and African
Americans. Am J Hypertens 2009, 22:867-870.

24. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr,
Jones DW, Materson BJ, Oparil S, Wright JT Jr, Roccella EJ: Seventh report
of the joint national committee on prevention, detection, evaluation,
and treatment of high blood pressure. Hypertension 2003, 42:1206-1252.

25. Hayes DP: Vitamin D and ageing. Biogerontology 2010, 11:1-16.
26. Krems C, Lührmann PM, Neuhäuser-Berthold M: Physical activity in young

and elderly subjects. J Sports Med Phys Fitness 2004, 44:71-76.
27. Roubenoff R, Baumgartner RN, Harris TB, Dallal GE, Hannan MT,

Economos CD, Stauber PM, Wilson PW, Kiel DP: Application of bioelectrical
impedance analysis to elderly populations. J Gerontol A Biol Sci Med Sci
1997, 52:M129-M136.

28. Lührmann PM, Herbert B, Gaster C, Neuhäuser-Berthold M: Validation of a
self-administered 3-day estimated dietary record for use in the elderly.
Eur J Nutr 1999, 38:235-240.

29. Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill MN, Jones DW,
Kurtz T, Sheps SG, Roccella EJ: Recommendations for blood pressure
measurement in humans and experimental animals: part 1: blood
pressure measurement in humans: a statement for professionals from
the Subcommittee of Professional and Public Education of the American
Heart Association Council on High Blood Pressure Research. Circulation
2005, 111:697-716.

30. Roche Diagnostics GmbH: Elecsys 1010/2010/Modular analytics E170. PTH
Mannheim, Germany; 2003.

31. Roche Diagnostics GmbH: Elecsys and cobas analyzer. Vitamin D3 (25-OH)
Mannheim, Germany; 2007.

32. Seelig HP, Wüst H: Die Kreatininbestimmung mit der Jaffé Reaktion. Ärztl
Lab 1969, 15:34-39.

33. Levey AS, Greene T, Kusek J, Beck G: A simplified equation to predict
glomerular filtration rate from serum creatinine (abstract). J Am Soc
Nephrol 2000, 11:155A.

34. German Nutrition Society/Deutsche Gesellschaft für Ernährung,
Österreichische Gesellschaft für Ernährung, Schweizerische Gesellschaft für
Ernährungsforschung, Schweizerische Vereinigung für Ernährung:
Referenzwerte für die Nährstoffzufuhr. Vitamin D Neustadt a. d. Weinstraße,
Germany: Neuer Umschau Buchverlag; 2012.

35. Zhou C, Lu F, Cao K, Xu D, Goltzman D, Miao D: Calcium-independent and
1,25(OH)2D3-dependent regulation of the renin-angiotensin system in
1α-hydroxylase knockout mice. Kidney Int 2008, 74:170-179.

36. German Nutrition Society/Deutsche Gesellschaft für Ernährung,
Österreichische Gesellschaft für Ernährung, Schweizerische Gesellschaft für
Ernährungsforschung, Schweizerische Vereinigung für Ernährung:
Referenzwerte für die Nährstoffzufuhr Frankfurt/Main, Germany: Umschau
Braus; 2000.

37. Jorde R, Figenschau Y, Emaus N, Hutchinson M, Grimnes G: Serum 25-
hydroxyvitamin D levels are strongly related to systolic blood pressure
but do not predict future hypertension. Hypertension 2010, 55:792-798.

38. Kotchen TA: Obesity-related hypertension: epidemiology,
pathophysiology, and clinical management. Am J Hypertens 2010,
23:1170-1178.

39. Zhou J, Zhao LJ, Watson P, Zhang Q, Lappe JM: The effect of calcium and
vitamin D supplementation on obesity in postmenopausal women:
secondary analysis for a large-scale, placebo controlled, double-blind, 4-
year longitudinal clinical trial. Nutr Metab (Lond) 2010, 7:62.

40. Fraser A, Williams D, Lawlor DA: Associations of serum 25-hydroxyvitamin
D, parathyroid hormone and calcium with cardiovascular risk factors:
analysis of 3 NHANES cycles (2001-2006). PLoS One 2010, 5:e13882.

41. Forman JP, Bischoff-Ferrari HA, Willett WC, Stampfer MJ, Curhan GC:
Vitamin D intake and risk of incident hypertension: results from three
large prospective cohort studies. Hypertension 2005, 46:676-682.

42. Jorde R, Bønaa KH: Calcium from dairy products, vitamin D intake, and
blood pressure: the Tromsø study. Am J Clin Nutr 2000, 71:1530-1535.

43. Puddey IB, Beilin LJ: Alcohol is bad for blood pressure. Clin Exp Pharmacol
Physiol 2006, 33:847-852.

doi:10.1186/1743-7075-9-20
Cite this article as: Jungert et al.: Serum 25-hydroxyvitamin D3,
parathyroid hormone and blood pressure in an elderly cohort from
Germany: a cross-sectional study. Nutrition & Metabolism 2012 9:20.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Jungert et al. Nutrition & Metabolism 2012, 9:20
http://www.nutritionandmetabolism.com/content/9/1/20

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/20613627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19187564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19187564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19187564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10818080?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10818080?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9383176?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9383176?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17351276?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17351276?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7619359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7619359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17547711?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17547711?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21248778?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21248778?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21248778?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14597850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14597850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14597850?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21525968?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21525968?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16093907?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16093907?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19755478?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19755478?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19444222?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19444222?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19444222?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14656957?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14656957?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14656957?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19844804?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15181393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15181393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9158553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9158553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10654160?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10654160?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15699287?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15699287?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15699287?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15699287?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15699287?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18385669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18385669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18385669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18385669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18385669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20065152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20065152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20065152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20706196?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20706196?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21085485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21085485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21085485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16144983?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16144983?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10837295?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10837295?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16922819?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Anthropometric data and body composition
	Lifestyle factors
	Blood pressure
	Laboratory measurements
	Statistical analysis

	Results
	Characteristics of the study subjects
	Prevalence of vitamin D insufficiency and blood pressure
	Univariate and multiple regression analyses regarding the association between vitamin D status, intact parathyroid hormone and blood pressure

	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


