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Abstract

Background: Conflicting reports support or refute an association between vitamin D deficiency with high levels of
parathyroid hormone (PTH) and raised blood pressure or hypertension.

Objective: To explore the associations of serum vitamin D and PTH levels with blood pressure and risk of hypertension in a
Chinese population.

Methods: A population-based cross-sectional study was conducted among 1,420 Chinese participants, aged 20–83 years, in
2010. Anthropometric phenotypes and blood pressure were evaluated. Serum lipids, 25-hydroxyvitamin D [25(OH)D] and
PTH were measured.

Results: One thousand four hundred and twenty participants, including 566 women (39.9%), were evaluated in 2010. Four
hundred and eighty seven were hypertensive (34.3%), of whom 214 (43.9%) received antihypertensive treatment. The
median concentrations of serum 25(OH)D and PTH were 22.0 ng/ml and 2.83 pmol/l, respectively. Serum 25(OH)D and
natural log of PTH levels were not independently associated with blood pressure in a multivariable adjusted linear
regression analysis of 1,206 participants not receiving antihypertensive treatment (P.0.05). In logistic regression analyses,
serum 25(OH)D levels were not associated with risk of hypertension in single and multiple regression models. One unit
increments of natural log of PTH levels were significantly associated with risk of hypertension in the crude model (OR = 1.78,
95% confidence interval 1.38–2.28, P,0.0001) and model adjusted for age and sex (OR = 1.41, 95% confidence interval 1.08–
1.83, P = 0.01). However, these associations were attenuated and became nonsignificant (OR = 1.29, 95% confidence interval
0.98–1.70, P = 0.07) after further adjustment for body mass index, current alcohol intake, current smoking, glomerular
filtration rate and family history of hypertension.

Conclusions: Serum vitamin D and PTH levels are not independently associated with blood pressure or risk of hypertension
in a Chinese population.
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Introduction

Hypertension is one of the important risk factors for cardiovas-

cular disease, which is the major cause of morbidity and mortality

worldwide. Vitamin D is known to regulate calcium and

phosphate metabolism [1]. However, accumulating evidence

suggests that vitamin D level is inversely related to blood pressure

and risk of hypertension in observational studies in the Western

populations [2,3,4,5,6,7]. Evidence from the Chinese population is

limited [8,9,10]. Because of racial and geographic differences in

vitamin D status [11], and the fact that Chinese have not yet been

exposed to food fortified with vitamins and seldom use vitamin D

supplements, it is not clear whether these findings from the

Western populations can be extrapolated to Chinese individuals.

In addition, some studies showing a significant association between

vitamin D and risk of hypertension fail to adjust for serum

parathyroid hormone (PTH) [2,5,12], an important calcium-

regulating hormone. Some studies have indicated that serum PTH

was positively correlated with blood pressure and the risk of

hypertension [4,13], even in the normal PTH range [14].

China, with a rapidly developing economy and large aging

population, is experiencing a growing pandemic of hypertension

[15]. Vitamin D deficiency is common in middle-aged and elderly

Chinese [8,10]. However, little is known about the role of vitamin

D deficiency in hypertension. Furthermore, no epidemiological

study of hypertension has examined both serum vitamin D and

PTH levels together in Chinese.

We hypothesized that lower levels of vitamin D and higher

levels of PTH are associated with blood pressure and the risk of

hypertension in Chinese. 25(OH)D is the main storage form of

vitamin D in the body and the most commonly used marker to

evaluate vitamin D status. We conducted this cross-sectional study

to evaluate the associations of serum 25(OH)D and serum PTH
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with blood pressure and the risk of hypertension in a Chinese

population.

Methods

Ethics Statement
The Ethics Committee of the Affiliated Hospital of Dali

University approved the study protocol. All subjects gave written

informed consent. The study complied with the guidelines in the

Declaration of Helsinki.

Study Population
The present analysis was based on a cross-sectional study in the

framework of comprehensive cardiovascular health examinations

for all employees of a factory in Dali (25uN) of Yunnan Province, a

small city in southwest of China. We invited all employees and

retired workers to take part in this study from March to May 2010.

Of the 1,643 eligible individuals, 1,443 (87.8%) agreed to

participate in the study. In addition, 23 participants were excluded

for inadequate blood sample to test 25(OH)D or PTH (n = 8), or

lack of demographic data (n = 15). Thus, a total of 1,420

participants was included in the present analysis.

Data Collecting
One physician measured each participant’s blood pressure three

times consecutively using an automatic blood pressure monitor

(Omron HEM 7011), after the subjects had rested for at least 5

minutes in the sitting position. The three blood pressure readings

were averaged for analysis. The same observer also administered a

questionnaire to collect information on medical history, smoking

habits, alcohol consumption and the use of medications. A trained

technician performed anthropometric measurements, including

body height, body weight, and waist and hip circumference.

Hypertension was defined as a sitting blood pressure of at least

140 mmHg systolic or 90 mmHg diastolic, or as the use of

antihypertensive drugs. Current smoking was defined as at least 1

cigarette smoked per day. Current alcohol intake was defined as

consuming at least 1 drink per week. Body mass index was defined

as a ratio of the body weight in kilograms to the square of the

height in meters. Glomerular filtration rate (GFR) was calculated

using the Modification of Diet in Renal Disease (MDRD) Study

equation as: GFR = 1866 (serum creatinine, mg/dl)2 1.1546 (age,

years)20.2036 (0.742 if female) [16].

Laboratory Methods
Venous blood samples were drawn after overnight fasting for

the measurement of serum glucose, creatinine and total choles-

terol. Serum was also stored at 230uC for measurement of

25(OH)D and PTH. Serum 25(OH)D was determined by

radioimmunoassay (Diasorin 25-hydroxyvitamin D 125I RIA Kit,

Stillwater, Minnesota, USA) in the Clinical Laboratory of the

Affiliated Hospital of Dali University. The intra- and interassay

coefficients of variance were 6.0% and 5.6%. Serum PTH assay

was performed in the same laboratory by the chemiluminescence

method (DPC 2000, Siemens, Germany). The intra- and

interassay coefficients of variance were 3.9% and 6.0%.

Statistical Methods
For database management and statistical analysis, we used SAS

software (version 9.1.3, SAS Institute, Cary, NC). Because the

distribution of serum PTH levels was skewed, PTH values were

logarithmically transformed. Quantitative variables were summa-

rized as mean and SD or median and interquartile range if the

distribution of the variable was skewed. The differences between

means were tested using the one-way analysis of variance

Table 1. Characteristics of participants without antihypertensive treatment according to quartiles of serum 25(OH)D levels.

25(OH)D (ng/ml)

,16.8 16.8–22.5 22.6–28.3 .28.3

(n = 295) (n = 310) (n = 301) (n = 300) P

25(OH)D, ng/ml 12.862.8 19.761.6 25.361.6 34.064.8 –

PTH, pmol/l 3.12 2.89 2.54 2.52 0.0001

(2.04–4.42) (1.91–3.99) (1.80–3.61) (1.65–3.66)

Study outcome

Systolic BP, mmHg 124.4618.6 124.7619.4 124.6617.9 123.4617.5 0.84

Diastolic BP, mmHg 77.7611.6 78.4611.1 78.8611.5 77.7611.0 0.60

Pulse pressure, mmHg 46.6611.5 46.3612.3 45.8610.4 45.7610.5 0.69

Possible confounders

Male, % 50.2 58.1 65.5 67.7 ,0.0001

Age, years 49.5613.4 47.0611.9 45.9611.9 45.6612.3 0.0004

BMI, kg/m2 23.063.2 23.463.4 23.363.2 23.163.2 0.42

Total cholesterol, mmol/l 5.661.2 5.461.1 5.461.0 5.361.0 0.02

Serum glucose, mmol/l 5.462.0 5.461.8 5.261.7 5.261.5 0.23

GFR, ml/min.1.73 m2 97.6619.3 95.3618.4 97.2621.0 94.2618.2 0.10

Current alcohol intake, % 16.3 21.6 31.2 25.3 0.0002

Current smoking, % 31.2 34.8 40.5 41.0 0.04

Hypertension, % 23.4 22.3 22.6 22.3 0.99

Data are mean 6 standard deviation, or median (interquartile range), or percentages. BMI, body mass index; BP, blood pressure; GFR, glomerular filtration rate.
doi:10.1371/journal.pone.0043344.t001
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(ANOVA). The differences between proportions were tested using

the chi-square test. We restricted linear and logistic regression

analyses to participants not receiving antihypertensive treatment to

remove the influence of antihypertensive treatment on blood

pressure. We performed unadjusted linear and logistic analyses in

single regression and adjusted analyses in multiple regression after

adjustment for age and sex (in all participants), full adjustment for

body mass index, current alcohol intake (yes/no), current smoking

(yes/no), glomerular filtration rate and family history of hyper-

tension. The interactions between serum 25(OH)D, natural log of

PTH and other factors were examined by adding an interaction

term to the linear regression analysis. P values were two-sided and

P#0.05 was considered significant.

Results

One thousand four hundred and twenty participants included

566 women (39.9%). Four hundred and eighty seven participants

were hypertensive (34.3%), of whom 214 (43.9%) received

antihypertensive treatment. The prevalence of hypertension was

37.6% and 29.3% for men and women, respectively. The median

concentrations of serum 25(OH)D and PTH for the entire group

were 22.0 ng/ml and 2.83 pmol/l, respectively.

Characteristics of the 1,206 participants without antihyperten-

sive treatment are shown in Table 1 and Table 2 according to the

quartiles of serum 25(OH)D and natural log of PTH levels.

Compared with participants with higher serum 25(OH)D levels,

those with lower 25(OH)D levels had higher serum PTH levels,

were older, were fewer men, and less commonly had current

alcohol intake and current smoking (P#0.04). Compared with

participants with lower natural log of PTH levels, those with

higher natural log of PTH levels had lower serum 25(OH)D levels,

higher systolic and diastolic blood pressure, higher pulse pressure,

higher serum glucose and higher prevalence of hypertension, a

greater body mass index and were older (P#0.03).

Serum 25(OH)D levels were not statistically associated with

either systolic or diastolic blood pressure (P.0.05) in linear

regression analyses in the 1,206 participants without antihyper-

tensive treatment both in unadjusted and adjusted models

(P$0.10, Table 3). In contrast, natural log of PTH levels were

positively associated with systolic and diastolic blood pressure in a

crude model and in the model adjusted for age and sex. However,

these associations were attenuated significantly and became

nonsignificant when further adjusted for current alcohol intake,

current smoking, GFR and family history of hypertension

(Table 4). To examine the consistency of these associations, we

performed subgroup analyses stratified by gender, and the results

were consistent (Table 3, Table 4). There were no significant

interactions of serum 25(OH)D and natural log of PTH levels with

age, sex, body mass index, GFR, current alcohol intake, current

smoking and family history of hypertension in relation to systolic

and diastolic blood pressure (all P interactions .0.05).

Table 5 shows associations of serum 25(OH)D and natural log

of PTH levels with the risk of hypertension in the 1,206

participants without antihypertensive treatment in logistic regres-

sion models. Serum 25(OH)D levels were not associated with the

risk of hypertension in the crude model or adjusted models

(P$0.31). A one unit increment of natural log of PTH was

significantly associated with a 1.78-fold increased risk of hyper-

tension [OR = 1.78, 95% confidence interval (CI) 1.38–2.28,

P,0.0001] in the crude model and a 1.41-fold increased risk of

hypertension (OR = 1.41, 95%CI 1.08–1.83, P = 0.01) in model

adjusted for age and sex, respectively. However, when body mass

index, GFR, current alcohol intake, current smoking and family

history of hypertension were further adjusted, these associations

were attenuated and became nonsignificant (OR = 1.29, 95%CI

Table 2. Characteristics of participants without antihypertensive treatment according to quartiles of natural log of PTH levels.

Natural log of PTH

,0.62 0.62–1.01 1.02–1.36 .1.36

(n = 303) (n = 302) (n = 299) (n = 302) P

25(OH)D, ng/ml 24.468.1 23.368.1 22.568.3 21.668.2 0.0002

PTH, pmol/l 1.41 2.29 3.27 4.98 –

(1.11–1.63) (2.05–2.50) (3.00–3.52) (4.35–6.09)

Study outcomes

Systolic BP, mmHg 121.2615.6 122.3617.3 125.6619.0 128.0620.6 ,0.0001

Diastolic BP, mmHg 76.769.8 77.3610.8 78.4611.0 80.2613.0 0.0006

Pulse pressure, mmHg 44.5610.0 44.9610.1 47.2612.2 47.8612.1 0.0003

Possible confounders

Male, % 57.4 57.0 63.6 63.6 0.16

Age, years 43.3612.4 45.6611.4 48.7613.0 50.4612.0 ,0.0001

BMI, kg/m2 22.963.1 23.063.1 23.563.5 23.663.3 0.01

Total cholesterol, mmol/l 5.461.1 5.461.1 5.461.0 5.561.1 0.85

Serum glucose, mmol/l 5.261.7 5.261.6 5.361.3 5.662.3 0.03

GFR, ml/min.1.73 m2 97.2618.1 96.7618.3 95.8619.5 94.6621.0 0.37

Current alcohol intake, % 22.4 23.8 22.7 25.5 0.81

Current smoking, % 33.7 37.8 38.1 38.1 0.61

Hypertension, % 15.2 19.5 25.8 30.1 ,0.0001

Data are mean 6 standard deviation, or median (interquartile range), or percentages. BMI, body mass index; BP, blood pressure; GFR, glomerular filtration rate.
doi:10.1371/journal.pone.0043344.t002
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0.98–1.70, P = 0.07). Subgroup analyses stratified by gender

yielded similar results.

Discussion

The main findings of our cross-sectional study are that serum

25(OH)D and PTH levels are not independently associated with

blood pressure level or risk of hypertension in a Chinese

population.

Our findings that serum 25(OH)D was not significantly

associated with blood pressure level or risk of hypertension are

consistent with some studies [17,18,19,20], but not others

[8,10,13]. In the Longitudinal Ageing Study Amsterdam, serum

25(OH)D was not associated with systolic blood pressure or

diastolic blood pressure, or prevalence of hypertension in 1,205

men and women aged 65 years and older after adjustment for

potential confounders [17]. In the Ranch Bernardo Study, serum

25(OH)D was not associated with prevalence of hypertension in

both sexes [18]. Margolis et al. [19] reported 4,863 postmeno-

pausal women recruited into the Women’s Health Initiative

between 1993 and 1998. Over a 7 year period, serum levels of

25(OH)D did not correlated with changes in blood pressure, and

evidence for an association with lower risk of incident hypertension

was weak. Furthermore, a systematic review and meta-analysis of

randomized trials was unable to demonstrate a statistically

significant reduction in systolic or diastolic blood pressure

associated with vitamin D [20].

Our finding is in contrast to three Chinese studies. Lu et al. [8]

investigated associations of plasma 25(OH)D concentrations with

metabolic syndrome among 3,262 middle-aged and elderly

Chinese in Beijing (39uN) and Shanghai (31uN). In their study,

mean concentration of 25(OH)D was 40.4 nmol/l (16.6 ng/ml),

and 25(OH)D concentration was inversely related to diastolic

blood pressure. In another study, 939 Chinese older men in Hong

Kong (22uN) had mean serum 25(OH)D levels and median serum

PTH levels of 77.9 nmol/l (31.2 ng/ml) and 4.1 pmol/l, respec-

Table 3. Associations of serum 25(OH)D levels with blood
pressure in participants without antihypertensive treatment.

All (n = 1206) Men (n = 728)
Women
(n = 478)

RC SE P RC SE P RC SE P

Systolic BP, mmHg

Model 1

20.0626 0.0640 0.32

20.0948 0.0792 0.23

20.1739 0.1048 0.10

Model 2

20.0226 0.0591 0.70

20.0118 0.0763 0.88

20.0448 0.0919 0.63

Model 3

20.0089 0.0563 0.87

20.0145 0.0732 0.84 0.0042 0.0883 0.96

Diastolic BP, mmHg

Model 1

20.0107 0.0394 0.79

20.0612 0.0493 0.21

20.0409 0.0621 0.51

Model 2

20.0280 0.0385 0.47

20.0425 0.0495 0.39

20.0048 0.0609 0.94

Model 3

20.0158 0.0359 0.66

20.0444 0.0459 0.33 0.0305 0.0585 0.60

Model 1: crude model. Model 2: model 1 adjusted for age and sex (in all
participants).
Model 3: model 2 further adjusted for body mass index, current alcohol intake
(yes/no), current smoking (yes/no), glomerular filtration rate and family history
of hypertension. RC: regression coefficient; SE: standard error; BP: blood
pressure.
doi:10.1371/journal.pone.0043344.t003

Table 4. Associations of serum natural log of PTH levels with
blood pressure in participants without antihypertensive
treatment.

All (n = 1206) Men (n = 728) Women (n = 478)

RC SE P RC SE P RC SE P

Systolic BP, mmHg

Model 1 4.8429

0.9189

,0.0001 3.8059

1.3516 0.001 5.4959

1.4107 0.0001

Model 2 2.0527

0.8629 0.02 1.5751

1.1610 0.18 2.9102

1.2561 0.02

Model 3 1.0546

0.8222 0.20 0.4806

1.1146 0.67 1.9816

1.2026 0.10

Diastolic BP, mmHg

Model 1 2.3082

0.5673

,0.0001 2.1579

0.7326 0.03 1.9319

0.8423 0.02

Model 2 1.4792

0.5610 0.01 1.7140

0.7521 0.02 1.2229

0.8347 0.14

Model 3 0.7392

0.5427 0.16 0.8392

0.6982 0.23 0.6491

0.7989 0.42

Model 1: crude model. Model 2: model 1 adjusted for age and sex (in all
participants).
Model 3: model 2 further adjusted for body mass index, alcohol intake (yes/no),
current smoking (yes/no), glomerular filtration rate and family history of
hypertension. RC: regression coefficient; SE: standard error; BP: blood pressure.
doi:10.1371/journal.pone.0043344.t004
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tively [9]. Chan et al. [9] found a significant association between

serum PTH and blood pressure, but not serum 25(OH)D.

Furthermore, in the Shanghai Women’s and Men’s study, median

25(OH)D level was 34.7 nmol/l (13.9 ng/ml). 25(OH)D levels

were inversely related to individual blood pressure parameters and

hypertension among middle-aged and elderly men, but not among

women [10]. The inconsistency among these four Chinese studies

may be partially due to different study populations, geographic,

and seasonal differences. Our study was conducted in relatively

younger participants (mean age 49.1 years) in Dali (25uN) in

summer. Serum 25(OH)D was significantly higher than those in

two other studies, but lower than those in Hong Kong. Previous

studies have indicated that the elderly and residents far from the

equator have a higher incidence of vitamin D deficiency, and that

circulating vitamin D levels are higher in summer [21,22,23,24].

However, the reasons for the lack of association between serum

vitamin D level and blood pressure level or risk of hypertension are

not known.

The finding that serum PTH level was not associated with blood

pressure level or risk of hypertension is in contrast to previous

studies. Several studies have consistently demonstrated that higher

levels of circulating PTH were associated with higher blood

pressure or prevalence of hypertension [14,17,4,13]. In the

Longitudinal Ageing Study Amsterdam, higher levels of PTH

were significantly associated with higher systolic and diastolic

blood pressure and higher prevalence of hypertension [17]. Two

recent reports from the US National Health and Nutrition

Examination Surveys (NHANES) during 2003–2006 also indicat-

ed that serum concentrations of PTH were positively associated

with blood pressure [4,13]. In 7,561 participants over 20 years of

age, compared with the lowest PTH quintile (# 27 ng/l), adjusted

mean difference in blood pressure for the highest quintile

($59 ng/l) was 5.9 mmHg for systolic blood pressure and

4.5 mmHg for diastolic blood pressure [13]. The lack of

association between serum PTH levels and blood pressure, or risk

of hypertension might be attributed to the relatively low levels of

serum PTH in our study [median concentration 2.83 pmol/l

(26.9 ng/l)].

Although we did not find any associations of serum 25(OH)D

and PTH levels with blood pressure or risk of hypertension,

previous experimental and population studies have provided

several mechanisms to explain the relationships among vitamin

D, PTH and blood pressure. Vitamin D may influence blood

pressure by functioning as an endogenous inhibitor of the renin-

angiotensin system (RAS) [25]. And factors modulated by vitamin

D include vascular smooth muscle tone [26], vascular endothe-

lium, expression of angiotensin II type 1 receptor, and oxidative

stress [27,28]. PTH has been shown to stimulate renin release by

activating the RAS [29]. Additionally, PTH increases blood

pressure by direct effects on blood vessels. PTH stimulates vascular

smooth muscle cells to produce factors involved in sclerosis [30],

and induces the endothelial expression of factors implicated in

endothelial dysfunction, such as endothelin-1 and interleukin-6

[31,32].

A strength of our study is its rapid completion, which minimized

seasonal variation of serum 25(OH)D and PTH levels. In addition,

there was only 1 participant on calcium supplementation and none

received vitamin D supplementation. However, our study has to

be interpreted within the context of its limitations. First, we did not

collect information on physical activity, dietary vitamin D intake,

and sunlight exposure. Second, we used only a single measurement

of serum 25(OH)D and PTH. It can be questioned whether serum

25(OH)D and PTH levels measured at a single point in time

reflects only recent exposure rather than long-term exposure. In

addition, the participants were not selected randomly from the

general population. Therefore, the results may not be generalized

to the general population. Finally, our study was cross-sectional,

and hence no causal inference could be taken.

In conclusion, our study suggests that serum vitamin D and

PTH levels are not independently associated with blood pressure

or risk of hypertension in a Chinese population. Prospective

population studies are needed to evaluate the role of vitamin D

and PTH in the incidence of hypertension.

Acknowledgments

The authors gratefully acknowledge the voluntary participation of all study

subjects and the technical assistance of Xueyan Li, Xiao Dong, Xiaoping

Wang, Yonglin Yang, and Shuhuai Xu.

Author Contributions

Conceived and designed the experiments: LHL. Performed the experi-

ments: LHL XYY CYY XCZ XHW. Analyzed the data: LHL. Wrote the

paper: LHL.

Table 5. Associations (ORs with 95%CI) of serum 25(OH)D and natural log of PTH levels with the risk of hypertension in
participants without antihypertensive treatment.

All (n = 1206) Men (n = 728) Women (n = 478)

OR (95%CI) P OR (95%CI) P OR (95%CI) P

25(OH)D, ng/ml

Model 1 1.00 (0.98–1.01) 0.58 0.99 (0.97–1.01) 0.31 0.99 (0.96–1.02) 0.61

Model 2 1.00 (0.98–1.02) 0.87 1.00 (0.98–1.02) 0.98 1.01 (0.97–1.04) 0.76

Model 3 1.00 (0.98–1.02) 0.78 1.00 (0.98–1.02) 0.95 1.00 (0.97–1.04) 0.82

Natural log of PTH, pmol/l
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