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ORIGINAL ARTICLE

Association of pulse wave velocity with single nucleotide polymorphisms
related to parathyroid hormone

Yi-Bang Chenga, Qian-Hui Guoa, Dong-Yan Zhanga, Ying Wanga, Qi-Fang Huanga, Chang-Sheng Shenga,
Ji-Guang Wanga, Jan A. Staessenb,c and Yan Lia

aCenter for Epidemiological Studies and Clinical Trials and Center for Vascular Evaluations, Shanghai Institute of Hypertension,
Shanghai Key Laboratory of Hypertension, Ruijin Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, China;
bStudies Coordinating Centre, Research Unit Hypertension and Cardiovascular Epidemiology, KU Leuven Department of Cardiovascular
Sciences, University of Leuven, Leuven, Belgium; cCardiovascular Research Institute Maastricht (CARIM), Maastricht University,
Maastricht, The Netherlands

ABSTRACT
Objective: Carotid-femoral pulse wave velocity (cfPWV) was associated with serum parathyroid
hormone (PTH) in untreated Chinese. We investigated in the same cohort whether cfPWV, bra-
chial-ankle (baPWV) and heart-brachial (hbPWV) pulse wave velocity (PWV) were associated with
rs6127099 (CYP24A1) and rs4074995 (RGS14). A previously published genome-wide association
study demonstrated that each additional copy of the T (rs6127099) or G (rs4074995) allele was
associated with a 7% or 3% higher serum PTH, respectively.
Methods: In 1601 untreated Chinese patients (mean age, 51.0 years; 51.9% women), we meas-
ured cfPWV by tonometry (SphygmoCor) and baPWV and hbPWV by combined oscillometry and
plethysmography (VP-2000 PWV/ABI analyser), serum PTH by an immunoassay, and genotypes
by the SNapShot method.
Results: cfPWV, baPWV and hbPWV averaged 7.9, 14.6 and 5.5 m/s and serum PTH 65.7 pg/mL.
Genotype frequencies were in Hardy-Weinberg equilibrium, amounting to 41.7% (AA), 44.9% (AT)
and 13.4% (TT) for rs6127099 and to 70.7% (GG), 26.9% (GA) and 2.3% (AA) for rs4074995. With
adjustments applied for sex, age, body mass index, heart rate and season, hbPWV was 0.05 m/s
(p¼ .042) lower with each additional copy of the minor allele (T) of rs6127099. In similarly
adjusted analyses of 157 normotensive participants younger than 50 years, cfPWV was 0.32 m/s
(p¼ .004) higher per additional copy of the T allele. Sensitivity analyses additionally accounting
for the total-to-HDL serum cholesterol ratio, plasma glucose, glomerular filtration rate and 24h
systolic blood pressure were consistent. No other association of PWV with the genetic variants
reached significance.
Conclusions: With an increasing number of rs6127099 T alleles, arterial stiffness, as exemplified
by PWV, was lower in all participants in a muscular artery (hbPWV), but higher in young normo-
tensive participants in an elastic artery (cfPWV).
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Introduction

We recently demonstrated in 1052 untreated Chinese
patients referred for ambulatory blood pressure moni-
toring that carotid-femoral pulse wave velocity
(cfPWV) was independently associated with both
blood pressure and the serum level of parathyroid
hormone (PTH) [1]. Per 1–SD increment in the sys-
tolic or diastolic 24 h blood pressure, cfPWV was 0.40
m/s or 0.23 m/s faster. A doubling of serum PTH was
associated with a 0.14 m/s higher cfPWV. In pathway
analysis, the association of PWV with PTH did not
run via serum or urinary calcium, but had both a dir-
ect hormone-dependent and blood-pressure mediated

component. There was no association between cfPWV
and serum 25–hydroxy–vitamin D [1].

A recently published genome-wide association
(GWAS) study involving 29,155 participants [2]
revealed association of serum PTH with rs6127099
upstream of CYP24A1 (p¼ 4.2�10�53), a gene located
on chromosome 20 (q13.2) [2] encoding the primary
catabolic enzyme for 1,25–dihydroxyvitamin D and
25–hydroxyvitamin D. The second strongest genetic
association of serum PTH was with rs4074995 within
RGS14 (p¼ 6.6�10�17). This SNP is in strong linkage
disequilibrium with SNPs in the directly adjacent
gene, SLC34A1 (solute carrier family 34 [type 2
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sodium/phosphate cotransporter], member 1).
SLC34A1 located on chromosome 5 (q35.3) [2] enco-
des the kidney–specific sodium–phosphate type 2a
transporter (Npt2a) responsible for phosphate
reabsorption in the proximal tubule [3]. Each add-
itional copy of the minor T allele of rs6127099 or the
major G allele of rs4074995 was associated with a
higher serum PTH by 7% and 3%, respectively.

The current study builds on our own observations
[1] and the GWAS study [2]. We investigated whether
in untreated Chinese patients, arterial stiffness, as
exemplified by pulse wave velocity (PWV) in elastic
and muscular segments of the arterial tree, was associ-
ated with rs6127099 or rs4074995 and might contrib-
ute to the blood pressure independent association
between cfPWV and PTH as reported previously [1].

Methods

Recruitment of participants

As described previously [1,4], we enrolled consecutive
patients referred for ambulatory blood pressure moni-
toring to the Outpatient Clinic of the Department of
Hypertension, Ruijin Hospital, Shanghai, China. We
adhered to the principles of the Declaration of
Helsinki [5]. The Ethics Committee of Ruijin
Hospital, Shanghai Jiaotong University School of
Medicine approved the study. From December 2008
until June 2015, 2063 referred patients provided
informed written consent. All patients were com-
pletely treatment naïve or had discontinued antihyper-
tensive drugs for at least 2 weeks. We excluded 462
participants, because PWV measurements (n¼ 151) or
anthropometric characteristics (n¼ 43) were not on
record, because a SNP of interest was unavailable
(n¼ 241), or because the 24 h ambulatory blood pres-
sure recordings were either missing or did not meet
quality standards (n¼ 27). Thus, the number of par-
ticipants statistically analysed totalled 1601 for
rs6127099 and 1582 for rs4074995.

Measurement of pulse wave velocity

Two trained technicians determined cfPWV. They
recorded the carotid and femoral arterial waveforms
at the patient’s right side by applanation tonometry.
The technicians used a high-fidelity SPC-301
micromanometer (Milar Instruments, Houston, TX)
interfaced with a laptop computer, running the
SphygmoCor software version 9.0 (AtCor Medial,
West Ryde, New South Wales, Australia). Using a
measuring tape, the technicians determined the

distance from the suprasternal notch to the carotid
sampling site (distance A) and the distance from the
suprasternal notch to the femoral sampling site (dis-
tance B). Pulse wave travel distance was distance B
minus distance A. Pulse transit time was the average
over 10 consecutive heartbeats. cfPWV was travel dis-
tance in meters divided by transit time in seconds.

Brachial-ankle pulse wave velocity (baPWV) was
measured noninvasively using the validated [6] and
fully automated VP-2000 PWV/ABI analyser (Colin
Co. Ltd., Komaki, Japan). This device records baPWV,
blood pressure, the electrocardiogram, and heart
sounds simultaneously. With the subject in the supine
position, the electrodes for recording the electrocardio-
gram were placed on both wrists and a microphone for
detecting the heart sounds on the left edge of sternum.
Cuffs were wrapped around both upper arms and both
ankles. The cuffs were interfaced with a plethysmo-
graphic sensor that determines the volume pulse and
an oscillometric pressure sensor that measures blood
pressure. To compute baPWV, the software embedded
in the device determines the time interval between the
fronts of the brachial and ankle waveforms (Dt). The
software extrapolated travel path lengths from body
height expressed in centimetres (BH). Travel distances
from the heart to the arm (Larm) and ankle (Lankle)
were computed as Larm¼ 0.2195�BH – 2.0734 and
Lankle¼ 0.8129�BH þ12.328, respectively. baPWV
then was (Lankle –Larm)/Dt. Heart brachial pulse wave
velocity (hbPWV) was the time interval between the
foot of second heart sound and the dicrotic notch of
brachial waveform divided by Larm. For analysis, we
averaged the right- and left-sided baPWV
measurements.

Genotyping

Among the five significant SNPs (rs6127099,
rs4074995, rs219779, rs4443100, and rs73186030) asso-
ciated with serum PTH identified by the GWAS
study [2], the minor allele frequencies of rs219779,
rs4443100 and rs73186030 were less than 5% in Han
Chinese according to the NCBI 1000 Genomes
Browser (https://www.ncbi.nlm.nih.gov/variation/tools/
1000genomes). We therefore limited genotyping to
rs6127099 (CYP24A1) and rs4074995 (RGS14), using
the ABI PRISM SNapShot method (Applied
Biosystems, Foster, CA) in a single reaction. Previous
publications describe the genotyping protocol in detail
[4]. The rates of successful genotyping were 99.3% for
rs6127099 and 98.6% for rs4074995. To confirm the
genotyping results, 15 samples were randomly selected
and genotyped by direct sequencing using a BigDye
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terminator (Applied Biosystems, Foster, CA). The
results were 93.3% concordant.

Other measurements

We programmed validated oscillometric monitors [7]
(Spacelabs Inc, Snoqualmie, WA) to obtain blood
pressure readings at 20-minute intervals during day-
time (6AM–10 PM) and at 30minute intervals during
nighttime (10 PM–6AM). Within individual patients,
the 24 h blood pressure means were weighted for the
interval between consecutive readings. The corre-
sponding levels to define 24 h ambulatory hyperten-
sion were 130mm Hg systolic and 80mm Hg
diastolic.

Trained nurses administered a standardized ques-
tionnaire to inquire about each participant’s medical
history, lifestyle, and use of medications. They meas-
ured body height to the nearest 0.5 cm with light
indoor clothing and without shoes. Body mass index
was weight in kilograms divided by height in meters
squared. After the participants had fasted overnight,
venous blood samples were drawn for the measure-
ment of PTH, serum creatinine, total calcium, phos-
phate, total and high-density lipoprotein (HDL)
cholesterol, and plasma glucose. PTH was determined
by an electrochemiluminescence immunoassay, run-
ning on the ARCHITECT i2000 auto-analyzer (Abbott
Diagnostics, Chicago, IL). The intra- and inter-assay
coefficients of variation were 3.3% and 3.3%,
respectively.

Participants also collected a 24 h urine sample in a
wide-neck plastic container for measurement of cal-
cium, phosphate and creatinine. We measured serum
creatinine using Jaffe’s method, with modification
described elsewhere [8], on automated analysers.
Estimated glomerular filtration rate (eGFR) was calcu-
lated by the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formula [9]. Diabetes melli-
tus was fasting plasma glucose of 7.0mmol/L or
higher or use of antidiabetic agents [10].

Statistical analysis

For database management and statistical analysis, we
used SAS software version 9.4. (SAS Institute, Cary,
NC). Means were compared using the large sample
z-test or ANOVA and proportions by Fisher’s exact
test. Statistical significance was a two-sided probability
of 0.05 or less. We normalized the distributions of
serum PTH and 24 h urinary calcium and phosphate
by a logarithmic transformation. We applied deviation
from mean coding to account for season of the

year [4]. We adjusted our primary analyses for sex,
age, body mass index, heart rate during PWV measure-
ment and season. We also constructed models add-
itionally accounting for serum total-to-HDL
cholesterol ratio, plasma glucose and eGFR. Full mod-
els also included the 24 h ambulatory systolic blood
pressure. We tested Hardy–Weinberg equilibrium,
using the exact statistics available in the PROC
ALLELE procedure of the SAS package. We computed
association sizes across genotypes, using an additive
model [2], i.e. we expressed association sizes for each
additional allele of interest a participant was carrying.
The allele of interest was T for rs6127099 and G for
rs4074995.

Results

Patient characteristics

The 1601 participants included 831 (51.9%) women,
75 (4.7%) diabetic patients and 1042 (65.1%) patients
with ambulatory hypertension (Table 1). The preva-
lence of smoking and drinking was 0.7% and 5.7%
among women and 34.7% and 33.9% among men.
Age ranged from 20 to 78 years, averaging (± SD)
51.0 ± 10.6 years. Compared to the included patients,
the 462 excluded participants had broadly similar
characteristics (Table 1). Tables 2 and 3 list the char-
acteristics of the study participants by rs6127099 and
rs4074995 genotypes. In 801 patients with available
measurements, PTH correlated inversely (p� .008)
with serum 25-hydroxy-vitamin D (r¼�0.18), serum
calcium (r¼�0.093) and log transformed 24 h urinary
calcium (r¼�0.132), whereas the corresponding asso-
ciations with serum phosphate (r¼�0.031) and log
transformed 24 h urinary phosphate (r¼�0.013) were
nonsignificant (p� .38).

Primary genetic analysis

For rs6127099, the number of carriers were 2053
(64.1%) for major allele A and 1149 (35.9%) for
minor allele T, and 667 (41.7%), 719 (44.9%) and 215
(13.4%) for the genotypes AA, AT and TT. For
rs4074995, these numbers were 2662 (84.2%) for
major allele G and 500 (15.8%) for minor allele A,
and 1118 (70.7%), 426 (26.9%) and 37 (2.3%) the gen-
otypes GG, GA and AA, respectively. Both rs6127099
and rs4074995 complied with Hardy–Weinberg equi-
librium (p� .34). There were no associations of the
two SNPs with serum PTH level (p� .23).

In relation to rs6127099, with adjustments applied
for sex, age, body mass index, heart rate during PWV

224 Y.-B. CHENG ET AL.



measurement and season, hbPWV was 5.56 ± 0.68 m/s
in AA homozygotes, 5.52 ± 0.68 m/s in AT heterozy-
gotes, and 5.45 ± 0.68 m/s in TT homozygotes
(ANOVA p¼ .11). With similar adjustments applied
(Figure 1), the difference between major allele carriers
and minor allele homozygotes was borderline signifi-
cant (5.53 ± 0.68 m/s vs. 5.43 ± 0.62 m/s; p¼ .065).
The multivariable-adjusted association of hbPWV
with rs4074995 was not significant (p¼ .59). Likewise,
associations of cfPWV or baPWV in relation to
rs6217099 or rs4074995 did not reveal a significant
linear trend.

In line with the association analysis, per 1-copy of
the minor allele (T) of rs6127099, hbPWV adjusted
for sex, age, body mass index, heart rate and season

was 0.05 m/s lower (p¼ .042; Table 4). This associ-
ation persisted with additional adjustment for the
serum total-to-HDL cholesterol ratio, plasma glucose
and eGFR (p¼ .045) and remained significant
(p¼ .041) when also the 24 h systolic blood pressure
was accounted for. With similar adjustments applied
as before, additive models relating hbPWV to
rs4074995 or cfPWV and baPWV to rs6127099 or
rs4074995 did not reveal any significant association
(p� .36; Table 4).

Sensitivity analysis

To minimise the strong effects of age and blood pres-
sure on PWV, we ran a sensitivity analysis in patients

Table 1. Characteristics of participants included and excluded.
Characteristic Participants included Participants excluded p

Number with characteristic (%) 1601 462
Women 831 (51.9) 134 (50.6) .67
Current smoking 273 (17.1) 48 (14.5) .26
Alcohol intake 308 (19.2) 52 (15.7) .13
Diabetes mellitus 75 (4.7) 12 (3.6) .40
Ambulatory hypertension 1042 (65.1) 205 (61.9) .28

Mean characteristic
Age (years) 51.0 ± 10.6 51.3 ± 11.1 .75
Body mass index (kg/m2) 24.5 ± 3.1 24.9 ± 3.1 .06
Office heart rate (beats/min) 69.3 ± 10.2 70.3 ± 10.1 .13
24 h systolic pressure (mm Hg) 127.6 ± 12.1 128.5 ± 14.2 .33
24 h diastolic pressure (mm Hg) 82.1 ± 8.9 82.3 ± 9.9 .82
Serum creatinine (mmol/L) 65.0 ± 14.8 65.9 ± 15.2 .37
eGFR (mL/min/1.73 m2) 101.7 ± 21.2 100.3 ± 21.6 .30
Fasting plasma glucose (mmol/L) 5.1 ± 0.8 5.1 ± 1.0 .98
Total/HDL cholesterol ratio 3.5 ± 1.1 3.6 ± 1.0 .26

Office heart rate was measured during the measurement of cfPWV. Mean characteristics are arith-
metic averages ± SD.

Table 2. Characteristics of participants by rs6127099 genotypes.
Characteristic AA AT TT p

Number with characteristic (%) 667 719 215
Women 339 (50.8) 373 (51.9) 119 (55.4) .51
Current smoking 122 (18.3) 119 (16.6) 32 (14.9) .46
Alcohol intake 129 (19.3) 144 (20.0) 35 (16.3) .47
Diabetes mellitus 33 (5.0) 31 (4.3) 11 (5.1) .81
Ambulatory hypertension 440 (66.0) 459 (63.8) 143 (66.5) .63

Mean characteristic
Age (years) 50.1 ± 10.9 51.8 ± 10.2� 51.5 ± 10.5 .01
Body mass index (kg/m2) 24.5 ± 3.1 24.6 ± 3.1 24.2 ± 3.2 .20
Office heart rate (beats/min) 69.2 ± 10.0 69.7 ± 10.1 68.3 ± 10.9 .22
24 h systolic pressure (mm Hg) 128.0 ± 12.1 127.4 ± 12.2 127.7 ± 12.1 .66
24 h diastolic pressure (mm Hg) 82.4 ± 8.9 82.1 ± 8.9 81.6 ± 8.6 .46
Serum creatinine (mmol/L) 65.0 ± 14.8 65.0 ± 14.7 64.9 ± 15.4 >.99
eGFR (mL/min/1.73 m2) 102.3 ± 20.6 101.4 ± 21.5 101.0 ± 22.1 .60
Parathyroid hormone (pg/mL) 62.0 (49.0–80.8) 60.8 (47.1–77.2) 62.3 (50.8–78.3) .74
25-Hydroxy-vitamin D (nmol/L) 34.9 (27.9–45.4) 37.4 (27.6–51.9) 35.3 (26.5–47.6) .10
Serum calcium (mmol/L) 2.39 ± 0.11 2.41 ± 0.12� 2.39 ± 0.12 .07
Serum phosphate (mmol/L) 1.44 ± 0.29 1.46 ± 0.28 1.42 ± 0.30 .48
24 h calciuria (mmol) 3.4 (2.4–4.9) 3.6 (2.5–5.3) 3.5 (2.7–5.0) .46
24 h phosphaturia (mmol) 12.0 (10.0–15.3) 11.9 (9.8–15.3) 12.1 (10.0–15.4) .88
Fasting plasma glucose (mmol/L) 5.1 ± 0.8 5.1 ± 0.8 5.1 ± 1.0 .87
Total/HDL cholesterol ratio 3.5 ± 1.0 3.6 ± 1.1 3.4 ± 0.9� .04

Office heart rate was measured during the measurement of cfPWV. Mean characteristics are arithmetic averages (± SD) or geomet-
ric mean (interquartile range). Measurements of serum PTH, serum 25-hydroxy-vitamin D, serum and urinary calcium and phos-
phate were available in 801 participants. p-values were derived by ANOVA. An asterisk indicates a significant difference with the
left adjacent genotype.
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(n¼ 157) younger than 50 years without ambulatory
hypertension. With adjustments applied as before,
cfPWV was positively associated (p� .029) with the
number of minor allele (T) of rs6127099 (Table 5). In
this normotensive young subgroup, the associations of
cfPWV with rs4074995 (p� .31) or of baPWV and
hbPWV with both SNPs under study were not signifi-
cant (p� .20).

Discussion

Building on previous studies [1,2], we investigated
whether in untreated Chinese patients, PWV in
elastic and muscular segments of the arterial tree was
associated with rs6127099 or rs4074995 and might
contribute to the blood pressure independent associ-
ation between cfPWV and PTH as reported previ-
ously [1]. Our key findings can be summarised as

Table 3. Characteristics of participants by rs4074995 genotypes.
Characteristic GG GA AA p

Number with characteristic (%) 1118 426 37
Women 582 (52.1) 222 (52.1) 21 (56.8) .85
Current smoking 191 (17.1) 73 (17.1) 6 (16.2) .99
Alcohol intake 206 (18.4) 95 (22.3) 4 (10.8) .09
Diabetes mellitus 52 (4.7) 20 (4.7) 3 (8.1) .62
Ambulatory hypertension 724 (64.8) 281 (66.0) 25 (67.6) .86

Mean characteristic
Age (years) 51.0 ± 10.6 51.2 ± 10.5 53.3 ± 9.8 .39
Body mass index (kg/m2) 24.5 ± 3.1 24.5 ± 3.2 24.1 ± 3.9 .71
Office heart rate (beats/min) 69.4 ± 10.1 69.2 ± 10.3 67.4 ± 9.8 .50
24 h systolic pressure (mm Hg) 127.6 ± 12.1 127.7 ± 11.9 129.1 ± 12.9 .74
24 h diastolic pressure (mm Hg) 82.2 ± 8.9 82.0 ± 8.9 81.7 ± 9.0 .86
Serum creatinine (mmol/L) 64.7 ± 14.7 65.5 ± 14.8 65.0 ± 16.0 .58
eGFR (mL/min/1.73 m2) 102.3 ± 21.4 100.5 ± 20.8 99.7 ± 21.5 .29
Parathyroid hormone (pg/mL) 62.0 (48.7–79.3) 60.9 (47.8–77.6) 53.1 (44.4–66.8) .23
25-Hydroxy-vitamin D (nmol/L) 36.1 (27.6–48.7) 35.4 (27.1–49.4) 43.4 (31.0–61.4) .18
Serum calcium (mmol/L) 2.39 ± 0.12 2.40 ± 0.11 2.37 ± 0.11 .37
Serum phosphate (mmol/L) 1.45 ± 0.29 1.45 ± 0.29 1.37 ± 0.28 .52
24 h calciuria (mmol) 3.5 (2.5–5.1) 3.6 (2.9–5.1) 4.4 (2.9–5.9) .36
24 h phosphaturia (mmol) 12.1 (10.0–15.3) 11.8 (9.7–15.3) 11.3 (9.9–14.7) .58
Fasting plasma glucose (mmol/L) 5.1 ± 0.8 5.1 ± 0.9 5.2 ± 0.7 .49
Total/HDL cholesterol ratio 3.6 ± 1.1 3.6 ± 1.1 3.3 ± 0.7 .23

Office heart rate was measured during the measurement of cfPWV. Mean characteristics are arithmetic averages (± SD) or geomet-
ric mean (interquartile range). Measurements of serum PTH, serum 25-hydroxy-vitamin D, serum and urinary calcium and phos-
phate were available in 801 participants. p-values were derived by ANOVA.

Figure 1. Frequency distributions of adjusted hbPWV by rs6127099 genotype (A allele carriers vs. T allele homozygotes).
Adjustment were applied for sex, age, body mass index, heart rate during the pulse wave velocity measurement and season at
which blood was sampled. Means values (given at the top of the distribution plots) were in patients with A allele carriers or T
allele homozygotes (p¼ .065).
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follows: (i) hbPWV, reflecting stiffness over a muscu-
lar segment of the arterial tree, was inversely associ-
ated with the number of copies on the minor allele
(T) of rs6127099; (ii) in a subgroup of young normo-
tensive patients, cfPWV, reflecting stiffness over an
elastic segment of the arterial tree was positively asso-
ciated with the number of copies on the minor allele
(T) of rs6127099; (iii) the associations of PWV with
rs4074995 were not significant.

We chose the SNPs of interest based on a recently
published GWAS study [2], which demonstrated that
each additional copy of the minor T allele of rs6127099
or the major G allele of rs4074995 was associated with
increased serum PTH by 7% and 3%, respectively. We
did not genotype rs219779, rs4443100 and rs73186030,
because the minor allele frequency among Han
Chinese is less than 5% (https://www.ncbi.nlm.nih.gov/
variation/tools/1000genomes). Active vitamin D, 1,
25–dihydroxy–vitamin D attenuates PTH secretion.
rs6127099 is located 38 kbp upstream of CYP24A1.
This gene encodes the cytochrome P450 hydroxylase,
which catalyses active vitamin D into inactive
24-hydroxylated products, thereby removing inhibition
of PTH secretion [11]. The intronic rs4074995 SNP in
RGS14 is in strong linkage disequilibrium with the
adjacent SLC34A1 gene, which encodes the kidney-spe-
cific sodium-phosphate type 2a transporter (Npt2a)

responsible for phosphate reabsorption in the proximal
tubule. Serum phosphate is a negative regulator of
PTH secretion [12]. In the GWAS study [2], each add-
itional copy of the PTH increasing T allele of
rs6127099 was associated with lower serum phos-
phorus (p¼ .02) with no difference in serum
calcium (p¼ .3 3) and each additional copy of the G
allele of rs4074995 was associated lower serum calcium
(p< .001), but higher serum phosphorus (p< .001).
Although statistically significant in close to 13,000
individuals [2], the associations of serum phosphorus
with rs6127099 and rs4074995 and of serum calcium
with rs4074995 were weak with differences between the
genotypes of maximally 0.01mg/dL (0.0025mmol/L)
for serum calcium and 0.06mg/dL (0.0194mmol/L) for
serum phosphorus. Given the sample size of our study,
we could not replicate these findings. We also did not
observe any association of serum PTH with serum
phosphate or with the 24 h urinary phosphate excre-
tion, which might explain our null findings for
rs4074995. However, in line with our current observa-
tions, the GWAS investigators did not detect any asso-
ciation between urinary phosphate in spot urines and
rs4074995, which they ascribed to the highly variable
dietary intake of phosphate [2].

The opposite associations of rs6127099 with PWV
in the muscular and elastic segments of the arterial

Table 4. Association of PWV with rs6127099 and rs4074995.
Model 1 Model 2 Model 3

SNPs b (95% CI) p b (95% CI) p b (95% CI) p

rs6127099 cfPWV (m/s) 0.02 (–0.07 to 0.11) .72 0.02 (–0.07 to 0.11) .68 0.02 (–0.06 to 0.10) .62
baPWV (m/s) –0.03 (–0.17 to 0.11) .65 –0.03 (–0.17 to 0.11) .65 –0.02 (–0.15 to 0.10) .69
hbPWV (m/s) –0.05 (–0.10 to –0.002) .042 –0.05 (–0.10 to –0.001) .045 –0.05 (–0.09 to –0.002) .041

rs4074995 cfPWV (m/s) –0.05 (–0.17 to 0.06) .36 –0.05 (–0.17 to 0.07) .42 –0.03 (–0.14 to 0.08) .58
baPWV (m/s) –0.06 (–0.24 to 0.13) .55 –0.04 (–0.23 to 0.14) .64 –0.01 (–0.18 to 0.16) .90
hbPWV (m/s) 0.02 (–0.05 to 0.08) .61 0.02 (–0.05 to 0.08) .59 0.03 (–0.03 to 0.09) .39

cfPWV: carotid-femoral pulse wave velocity; baPWV: brachial-ankle pulse wave velocity; hbPWV: heart-brachial pulse wave velocity. cfPWV is pulse wave
velocity in an elastic segment of the arterial tree, hbPWV in a muscular segment and baPWV in combined elastic and muscular segments. Associations
express the difference in pulse wave velocity associated with each additional copy of the minor T allele of rs6127099 or major G allele of rs4074995.
Model 1 was adjusted for sex, age, body mass index, heart rate during the pulse wave velocity measurement and season at which blood was sampled.
Model 2 was additionally adjusted for serum total-to-HDL cholesterol ratio, plasma glucose and eGFR. Model 3 was adjusted as model 2 and additionally
accounted for the 24 h systolic blood pressure.

Table 5. cfPWV in 157 normotensive patients younger than 50 years.
Mean ± SE by genotype Association

Model AA (n¼ 75) AT (n¼ 64) TT (n¼ 18) p b (95% CI) p

Model 1 6.86 ± 0.11 7.09 ± 0.12 7.58 ± 0.22 .012 0.32 (0.10 to 0.53) .004
Model 2 6.87 ± 0.11 7.09 ± 0.12 7.56 ± 0.22 .019 0.31 (0.09 to 0.52) .006
Model 3 6.87 ± 0.11 7.10 ± 0.11 7.49 ± 0.22 .029 0.28 (0.07 to 0.50) .009

Carotid-femoral pulse wave velocity (cfPWV) is the pulse wave velocity in an elastic segment of the arterial tree. Associations
express the difference in carotid-femoral pulse wave velocity associated with each additional copy of T allele of rs6127099. Model
1 was adjusted for sex, age, body mass index, heart rate during the pulse wave velocity measurement and season at which blood
was sampled. Model 2 was additionally adjusted for serum total-to-HDL cholesterol ratio, plasma glucose and eGFR. Model 3 was
adjusted as model 2 and additionally accounted for the 24 h systolic blood pressure.
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tree are in keeping with the physiological effects
revealed by the published literature. In muscular
arteries, PTH acts as a vasodilator by inhibiting the
smooth muscle contraction induced by norepineph-
rine [13], angiotensin II [13] or vasopressin [14].
Moreover, PTH inhibits the L-type inward calcium
current in cultured vascular smooth cells from rat tail
arteries [15]. Elastic arteries, such as the aorta, stiffen
with advancing age and high blood pressure, which is
a self-perpetuating process, because systolic blood
pressure continues to increase with age from young
adulthood into very old age [16]. The cyclic stress
imposed on the aortic wall lead to fractioning of the
elastic elastin fibres so that with ageing and long-term
exposure to high blood pressure stiff collagen fibres
increasingly bear the blood pressure load. We previ-
ously demonstrated that cfPWV was independently
and positively associated with both blood pressure
and serum PTH and that PTH had a direct and a
blood pressure mediated effect on cfPWV [1]. In our
current study, in young normotensive participants,
cfPWV increased with the number of copies of the
minor T allele of rs6127099, which reportedly is asso-
ciated with higher serum PTH levels [2]. In experi-
mental studies of rats with induced renal failure,
continuous PTH infusion after parathyroidectomy
promoted aortic medial calcification independent of
uraemia or circulating levels of calcium or phosphorus
[17] and the expression of collagen I in calcified
arteries [18]. In two independent community-based
Swedish cohorts [19], PTH was associated with the
degree of atherosclerosis and the risk of clinically
overt atherosclerotic disease, respectively. Our litera-
ture search did not reveal a similar study relating
cfPWV to serum PTH in younger people.

Strong points of our study are that we excluded con-
founding by antihypertensive drug treatment and that
we measured blood pressure by state-of-the-art ambu-
latory blood pressure monitoring. However, our study
must also be interpreted within the context of its
potential limitations. First, our sample size was not
large enough to replicate the association of serum
PTH, serum 25-hydroxy-vitamin D, serum phosphate
and calcium with rs6127099 and rs4074995. The
GWAS study reporting on these associations with
Bonferroni corrected significance levels of .01 included
29,155 participants for PTH and close to 10,000 for
serum 25-hydroxy-vitamin D and 13,000 for serum cal-
cium and phosphorus [2]. However, we confirmed the
inverse correlations of serum PTH with serum
25-hydroxy-vitamin D, serum calcium and the 24 h
urinary calcium excretion. Second, although we

demonstrated association between cfPWV and
rs6127099, we could not ascertain that PTH was the
mediator of this association. Finally, as the gradient in
hbPWV across the genotypes of rs6127099 was small,
the clinical implications of our genetic findings remain
to be established. However, in general, the genotype is
far from the phenotype [20], whereas the relation
between vascular calcification and PTH is well estab-
lished [19]. If so, dietary changes aiming at reducing
serum PTH levels, such as dietary phosphate restric-
tion, might be a way to reduce arterial stiffening [21]
and to prevent cardiovascular complications [22], in
particular in carriers of a genetic profile enhancing
PTH secretion. Furthermore, given the inverse relation
between PTH and serum 25-hydroxy-vitamin D, diet-
ary vitamin D supplementation might be an alternative
way to intervene. However, in a meta-analysis [23] of
13 interventional trials, vitamin D supplementation
was only associated with a marginal reduction in the
carotid augmentation index by 0.15 (p¼ .08) without
significant change in aortic PWV (p¼ .17). Of note, in
our cohort, we did not observe any association of arter-
ial stiffness with serum 25-hydroxy-vitamin D [1].

Our current findings might open new research per-
spectives to investigate the interactive roles of min-
eralisation-controlling hormones and paracrine agents,
including PTH, matrix Gla protein (MGP) and osteo-
pontin. MGP is the most potent local inhibitor of
arterial calcification [24,25], while osteopontin is a
structural protein with a key role in the organisation
of the extracellular matrix [26]. The MGP and osteo-
pontin genes are located on 12p12 and 4q13, respect-
ively, which excludes a direct genetic interaction with
rs6127099 or rs4074995, but not the involvement of
their gene products in the pathophysiology of arterial
stiffness or atherosclerotic arterial disease [27].

In conclusion, hbPWV, reflecting stiffness over a
muscular segment of the arterial tree, was inversely
associated with the number of copies on the
rs6127099 T minor allele, whereas in a subgroup of
young normotensive patients, cfPWV, reflecting stiff-
ness over an elastic segment of the arterial tree, was
positively associated with the rs6127099 T allele.
These directionally opposite associations, on the
assumption that they are mediated by PTH, are con-
sistent with the known pathophysiological role of
PTH in muscular and elastic arteries.
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