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Abstract
Objective: Vascular calcification is a cardiovascular risk factor in dialysis patients. Vascular 
calcification involves a complex process of biomineralization resembling osteogenesis, 
which leads to arterial stiffness. Osteocalcin is the most abundant noncollagenous protein 
in the bone matrix. It is synthesized in the bone by osteoblasts and reflects the rate of 
bone formation. The aim of this study was to evaluate the relationship between serum 
osteocalcin levels and the carotid–femoral pulse wave velocity  (cfPWV) in peritoneal 
dialysis  (PD) patients. Materials and Methods: Serum intact osteocalcin and cfPWV 
were measured in 62 PD patients. Those with CfPWV values  >10  m/s were defined as 
the high central arterial stiffness group, while those with values ≤10 m/s were regarded as 
the low central arterial stiffness group, according to the European Society of Hypertension 
and of the European Society of Cardiology guidelines. Results: Seventeen of the 62 PD 
patients  (27.4%) were in the high central arterial stiffness group. The high central arterial 
stiffness group were older  (P  =  0.002), had a longer PD vintage  (P  =  0.018), and had 
higher serum osteocalcin levels  (P  =  0.001) than those in the low group. Multivariate 
logistic regression analysis showed that the osteocalcin level  (odds ratio: 1.069, 95% 
confidence interval (CI): 1.005–1.137, P  =  0.035), PD vintage  (odds ratio: 1.028, 95% 
CI: 1.010–1.048, P = 0.003), and age (odds ratio: 1.081, 95% CI: 1.005–1.162, P = 0.035) 
were independently associated with central arterial stiffness in PD patients. Among these 
patients, cfPWV  ( : 0.216, P  =  0.001) values and log‑transformed intact parathyroid 
hormone ( : −0.447, P < 0.001) levels were independently associated with the osteocalcin 
level in PD patients after multivariate forward stepwise linear regression analysis. 
Conclusion: Older PD patients with a longer PD vintage and higher serum osteocalcin 
levels had higher central arterial stiffness as measured by cfPWV. The serum osteocalcin 
level is an independent marker of central arterial stiffness in PD patients.
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level in ESRD patients on peritoneal dialysis  (PD) or hemo-
dialysis is an excellent predictor of fatal cardiovascular events 
and all‑cause mortality [5,6].

Osteocalcin, also called the bone gamma‑carboxyglu-
tamic acid  (Gla) protein, is a 49‑amino acid secreted protein 
expressed primarily by osteoblasts  [7]. The protein is the most 
abundant noncollagenous protein in the bone matrix and has 
been considered a marker of bone formation  [7]. Evidence 

Introduction

C ardiovascular disease accounts for almost 50% of all 
deaths in patients with end‑stage renal disease (ESRD) [1]. 

ESRD is associated with accelerated atherosclerosis and 
vascular calcification  [2]. Vascular calcification involves a 
complex process, which is mainly due to osteoblastic differ-
entiation from vascular smooth muscle cells to osteoblast‑like 
cells  [3]. The osteoblast‑like cells secrete osteocalcin and 
matrix vesicles, resembling osteogenesis, which finally leads 
to reduced elasticity and compliance of vessels and increased 
arterial stiffness [3].

Carotid–femoral pulse wave velocity  (cfPWV) is the gold 
standard for central arterial stiffness  [4]. An elevated cfPWV 
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indicates that circulating osteocalcin is expressed by osteo-
blasts and is also expressed by osteoblast‑like cells in vessel 
walls and associated with arterial stiffness [7]. The relationship 
between osteocalcin and arterial stiffness or cardiovascular risk 
had been investigated, but is still controversial due to differ-
ences in different genders, populations, and ethnicities  [8‑10]. 
However, evidence in dialysis patients is still unknown. Our 
aim is to evaluate the relationship between serum osteocalcin 
levels and central arterial stiffness measured by cfPWV values 
in PD patients.

Materials and methods
Patients

The study was conducted in accordance with the Declaration 
of Helsinki and was approved by the Protection of Human 
Subjects Institutional Review Board of Tzu Chi University 
and Hospital  (IRB103‑136‑A). Sixty‑two PD patients were 
recruited from Hualien and Dalin Tzu Chi Hospital from June 
2015 to October 2016. All patients had regular PD for more 
than 3  months. The blood pressures  (BPs) of all patients 
were measured by trained staff in the morning using stan-
dard mercury sphygmomanometers with appropriate cuff sizes 
after the patient had been sitting for at least 10  min. The sys-
tolic BP  (SBP) and diastolic BP  (DBP) measurements were 
taken 3  times at 5‑min intervals and were averaged for anal-
ysis. Patients were considered to have hypertension if their 
SBP  ≥140  mmHg, DBP  ≥90  mmHg, or they had received 
any antihypertensive medication in the past 2  weeks. Patients 
were regarded as having diabetes mellitus if their fasting 
plasma glucose was  ≥126  mg/dL or they used oral hypo-
glycemic medications or insulin  [11]. All patients provided 
informed consents before participating in this study. Patients 
were excluded if they had an acute infection, malignancy, acute 
myocardial infarction, pulmonary edema, or heart failure at the 
time of blood sampling or they refused to sign the informed 
consent. Among the patients, 44 received continuous ambula-
tory PD  (CAPD, Dianeal, Baxter Health Care, Taiwan), with 
3–5 dialysate exchanges per day, while 18 other patients under-
went 4–5 dialysate exchanges each night with an automated 
device  (automated PD, APD). The weekly fractional clearance 
index for urea  (weekly Kt/V), total clearance of creatinine, 
and peritoneal clearance of creatinine were provided from the 
medical records.

Anthropometric analysis
All anthropometric factors were measured three times, during 

the morning after overnight fasting without dialysate in the 
abdominal cavity. Body weight was measured in light clothing 
and without shoes to the nearest 0.5  kg; height was measured 
to the nearest 0.5  cm. Body mass index  (BMI) was calculated 
as weight (kg) divided by height‑squared (m2) [12‑15].

Biochemical investigations
Biochemical parameters were determined in the 

morning before PD dialysate exchange. Blood samples 
(approximately 5  mL) were immediately centrifuged at 
3000  ×  g for 10  min. Serum samples were stored at 4°C and 
used for biochemical analyses within 1  h of collection. Serum 
levels of blood urea nitrogen, creatinine, fasting glucose, total 

cholesterol, triglycerides  (TG), total calcium, and phosphorus 
were measured using an autoanalyzer  (Siemens Advia 1800, 
Siemens Healthcare GmbH, Henkestr, Germany). Serum osteo-
calcin levels  (eBioscience Inc., San Diego, CA, USA) and 
intact parathyroid hormone  (iPTH) levels  (Diagnostic Systems 
Laboratories, Webster, TX, USA) were measured using com-
mercial available enzyme‑linked immunosorbent assays [13‑15].

Carotid–femoral pulse wave velocity measurements
CfPWV values were measured using transcutaneous record-

ing of the pressure pulse waveform in the underlying artery 
using applanation tonomentry  (SphygmoCor system, AtCor 
Medical, NSW, Australia) as previously described  [13‑15]. 
These measurements were performed in all patients in the 
morning in the supine position after a minimum 10‑min rest in 
a quiet, temperature‑controlled room. Recordings were made 
simultaneously with an electrocardiographic  (ECG) signal, 
which provided an R‑timing reference. Pulse wave record-
ings were performed consecutively at two superficial artery 
sites (carotid–femoral segment). Integral software (SphygmoCor 
system, AtCor Medical, NSW, Australia)  was used to process 
each set of pulse waves and ECG data were used to calculate 
the mean time difference between the R‑wave and pulse wave 
on a beat‑to‑beat basis, with an average of ten consecutive 
cardiac cycles. The cfPWV was calculated using the distance 
and mean time difference between the two recorded points. 
Quality indices, included in the software, were set to ensure 
uniformity of data. In this study, cfPWV values  >10  m/s were 
used to define the high central arterial stiffness group according 
to the guidelines of the European Society of Hypertension and 
the European Society of Cardiology [16].

Statistical analysis
Data were tested for normal distribution using the 

Kolmogorov–Smirnov test. Normally distributed data were 
expressed as the mean  ±  standard deviation and comparisons 
between patients were performed using Student’s independent 
t‑test  (two tailed). Data that were not normally distributed 
were expressed as medians and interquartile ranges, and 
comparisons between patients were performed using the 
Mann–Whitney U‑test  (TG, fasting glucose, iPTH, and 
osteocalcin). Data expressed as the number of patients were 
analyzed by the Chi‑square test. Since TG, fasting glucose, 
iPTH, and osteocalcin were not normally distributed, they 
underwent base 10 logarithmic transformations to achieve 
normality. Clinical variables that correlated with serum loga-
rithmically transformed osteocalcin  (log‑osteocalcin) levels 
in PD patients were evaluated using univariate linear regres-
sion analysis. Variables that were significantly associated 
with central arterial stiffness were tested for independence 
by multivariate logistic regression analysis  (adapted factors: 
osteocalcin, age, and PD vintage). Data were analyzed using 
SPSS for Windows  (version  19.0; SPSS Inc., Chicago, IL, 
USA), and P < 0.05 was considered statistically significant.

Results
The clinical characteristics of the 62 PD patients are shown 

in Table 1. Their average age was 55.97 ± 14.98 years and they 
had received PD for a mean of 53.03 ± 43.49 months. Seventeen 
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of the 62 PD patients  (27.4%) were in the high central arterial 
stiffness group, with a mean cfPWV value of 13.47 ± 1.97 m/s. 
Compared with those in the low central arterial stiffness group, 
the high group were older (52.42 ± 14.30 vs. 65.35 ± 12.81 years 
old, P  =  0.002), had a longer PD vintage  (45.09  ±  39.20  vs. 
74.06  ±  48.34  months, P  =  0.018), and had a higher serum 
osteocalcin level  (2.26  [range: 1.25–14.77] vs. 12.90  [range: 
5.24–87.36], P  =  0.001). Comparisons of serum osteocalcin 
levels in the high and low arterial stiffness groups in patients 
with PD are presented in Figure  1a. BMI, BP, lipid profiles, 
total calcium, phosphorus, iPTH, and weekly Kt/V levels were 
not significantly different between groups.

Table  2 demonstrates the associations between clinical 
variables and osteocalcin levels. There were no significant dif-
ferences in osteocalcin levels according to gender, diabetes, 
hypertension, PD model, or usage of angiotensin‑converting 
enzyme inhibitors, angiotensin‑receptor blockers, β‑blockers, 
calcium channel blockers, and statins or fibrates [Table 2].

The relationships between clinical variables and 
log‑osteocalcin levels are shown in Table  3. Univariate 
linear regression analysis showed a significant posi-
tive correlation of the serum log‑osteocalcin levels with 
age  (r  =  0.258, P  =  0.043) and cfPWV values  (r  =  0.404, 
P  =  0.001) and a significant negative correlation with the 
log‑iPTH level (r = −0.461, P  <  0.001) and weekly Kt/V 
(r = −0.310, P  =  0.017). A  scatter plot of log‑osteocalcin 
and cfPWV values in PD patients is presented in Figure 1b. 
The cfPWV values (: 0.377, P = 0.001) and log‑iPTH level 
(: −0.447, P  <  0.001) were independently associated with 
serum log‑osteocalcin levels in PD patients after multivari-
ate forward stepwise linear regression analysis.

Multivariate logistic regression analysis of the factors 
significantly associated with central arterial stiffness  (osteo-
calcin, age, and PD vintage) showed that the osteocalcin 
level  (odds ratio: 1.069, 95% confidence interval  (CI): 1.005–
1.137, P  =  0.035), PD vintage (odds ratio: 1.028, 95% CI: 
1.010–1.048, P  =  0.003), and age (odds ratio: 1.081, 95% CI: 

Table 1: Clinical variables of 62 peritoneal dialysis patients with high and low arterial stiffness
Characteristics All participants (n=62) Low arterial stiffness 

group (n=45)
High arterial stiffness 

group (n=17)
P

Age (years) 55.97±14.98 52.42±14.30 65.35±12.81 0.002*
PD vintage (months) 53.03±43.49 45.09±39.20 74.06±48.34 0.018*
Height (cm) 158.89±8.37 159.64±8.50 156.88±7.92 0.250
Body weight (kg) 62.26±14.15 63.08±13.02 60.10±17.05 0.465
BMI (kg/m2) 24.69±4.30 24.84±4.19 24.32±4.68 0.675
Carotid–femoral PWV (m/s) 8.43±4.01 6.52±2.70 13.47±1.97 <0.001*
SBP (mmHg) 131.34±23.70 129.33±25.32 136.65±18.34 0.282
DBP (mmHg) 87.03±14.14 85.91±14.43 90.00±13.28 0.314
Total cholesterol (mg/dL) 169.35±40.66 168.69±40.15 171.12±43.20 0.836
TG (mg/dL) 150.00 (108.50‑226.50) 150.00 (103.00‑236.50) 159.00 (116.00‑220.00) 0.850
Fasting glucose (mg/dL) 105.00 (95.00‑129.25) 103.00 (93.50‑125.00) 112.00 (96.00‑165.50) 0.165
Blood urea nitrogen (mg/dL) 57.60±19.41 57.13±18.52 58.82±22.15 0.762
Creatinine (mg/dL) 10.96±3.27 11.26±3.38 10.18±2.87 0.248
Total calcium (mg/dL) 9.16±0.79 9.07±0.76 9.37±0.85 0.189
Phosphorus (mg/dL) 5.17±1.50 5.26±1.52 4.95±1.47 0.484
Intact parathyroid hormone (pg/mL) 231.00 (89.58‑506.72) 259.70 (104.40‑572.00) 207.70 (84.80‑302.60) 0.280
Osteocalcin (ng/mL) 4.49 (1.25‑14.77) 2.26 (0.96‑10.05) 12.90 (5.24‑87.36) 0.001*
Weekly Kt/V 2.10±0.36 2.14±0.37 2.00±0.34 0.164
Peritoneal Kt/V 1.82±0.47 1.85±0.45 1.73±0.52 0.356
Total clearance of creatinine (L/week) 56.85±17.31 56.94±16.53 56.63±19.63 0.951
Peritoneal clearance of creatinine (L/week) 43.31±16.43 43.73±16.80 42.26±15.94 0.758
Female, n (%) 41 (66.1) 30 (66.7) 11 (64.7) 0.884
Diabetes, n (%) 27 (43.5) 20 (44.4) 7 (41.2) 0.817
Hypertension, n (%) 52 (83.9) 38 (84.4) 14 (82.4) 0.842
CAPD, n (%) 44 (71.0) 30 (66.7) 14 (82.4) 0.225
ACE inhibitor use, n (%) 4 (6.5) 4 (8.9) 0 0.204
ARB use, n (%) 24 (38.7) 18 (40.0) 6 (35.3) 0.734
β‑blocker use, n (%) 21 (33.9) 18 (40.0) 3 (17.6) 0.097
CCB use, n (%) 27 (43.5) 20 (44.4) 7 (41.2) 0.817
Statin use, n (%) 19 (30.6) 15 (33.3) 4 (23.5) 0.455
Fibrate use, n (%) 2 (3.2) 1 (2.2) 1 (5.9) 0.467
*Values of P<0.05 were considered statistically significant. Values for continuous variables are shown as mean±SD and analyzed by Student’s t‑test; 
variables not normally distributed are shown as median and interquartile range and analyzed by the Mann–Whitney U‑test; values presented as n (%) are 
analyzed by the Chi‑square test. CAPD: Continuous ambulatory PD, Kt/V: Fractional clearance index for urea, ACE: Angiotensin‑converting enzyme, 
ARB: Angiotensin receptor blocker, CCB: Calcium channel blocker, SD: Standard deviation, PD: Peritoneal dialysis, BMI: Body mass index, SBP: Systolic 
blood pressure, DBP: Diastolic blood pressure, TG: Triglyceride, PWV: Pulse wave velocity
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1.005–1.162, P  =  0.035) were independently associated with 
central arterial stiffness in PD patients [Table 4].

Discussion
Our results showed that osteocalcin, PD vintage, and age 

were independently associated with central arterial stiffness 
in PD patients. Furthermore, iPTH levels were negatively 

correlated, while cfPWV values were positively correlated with 
the osteocalcin level in these patients.

With aging, the endothelium, vascular wall, and adven-
titia undergo functional and structural changes. Endothelial 
function is impaired and the vascular media is thickened. The 
adventitial extracellular matrix undergoes remodeling, with 
increased collagen deposition, reduced elastin content, and 
increased pro‑inflammatory cells. These processes contribute to 
increased arterial stiffness, reduced elasticity, impaired distensi-
bility, increased endothelial dysfunction, and increased vascular 
tone, vascular fibrosis, and stiffening  [17]. Most PD solutions 
contain glucose. The breakdown of glucose into glucose deg-
radation products and advanced glycation end products has the 
ability to alter cell viability and cause premature apoptosis and 
is strongly correlated with interstitial fibrosis and microvascular 
sclerosis  [18]. The concentration of plasma advanced glycation 
end products was significantly associated with cfPWV levels in 
patients and in subgroups with diabetes and prediabetes  [19]. 
Many authors have noted that cfPWV levels are positively asso-
ciated with age in PD patients  [20‑23]. Lu et al. also noted that 
cfPWV levels were positively associated with PD duration [21]. 
Our study also found that older age and PD vintage were inde-
pendently associated with central arterial stiffness in PD patients.

The process of vascular calcification resembles bone for-
mation. Vascular smooth muscle cells undergo osteogenic 
differentiation into osteoblast‑like cells, and then secrete 
mineralized vesicles and express osteocalcin, which leads to 
vascular calcification  [3]. Therefore, higher circulating osteo-
calcin levels reflect more severe arterial stiffness. Ideleviech 
et  al. found that osteocalcin functions as a stimulator of dif-
ferentiation and mineralization and upregulates Sox9, RunX2, 
collagen type  X, alkaline phosphatase, proteoglycan, and 
mineral content on vascular smooth muscle cells, which further 
increase vascular calcification  [24]. In addition, osteocalcin is 
mainly cleared by the kidney. The circulating osteocalcin level 
is higher in patients with impaired renal function, especially 
dialysis patients  [25,26]. The relationship between osteocalcin 
and arterial stiffness or cardiovascular risk is still controver-
sial and inconclusive. Many researchers have found inverse 
correlations between osteocalcin and calcification  [8,27‑30]; 
however, some have also found positive relationships between 
osteocalcin and vascular calcification or atherosclerosis  [9,31]. 
Recently, three studies with large populations indicated that 

Table 2: Clinical characteristics and serum osteocalcin levels of 
62 peritoneal dialysis patients
Characteristics n (%) Osteocalcin (ng/mL) P
Sex

Male 21 (33.9) 3.26 (1.28‑16.28) 0.958
Female 41 (66.1) 5.08 (1.11‑15.18)

Diabetes
No 35 (56.5) 7.00 (1.18‑24.46) 0.345
Yes 27 (43.5) 3.26 (1.27‑11.40)

Hypertension
No 10 (16.1) 1.83 (0.86‑11.73) 0.228
Yes 52 (83.9) 5.08 (1.27‑22.56)

PD model
CAPD 44 (71.0) 4.49 (1.30‑24.34) 0.271
APD 18 (29.0) 4.41 (1.00‑7.69)

ACE inhibitor use
No 58 (93.5) 4.49 (1.67‑14.77) 0.571
Yes 4 (6.5) 5.98 (2.49‑24.80)

ARB use
No 38 (61.3) 5.75 (1.41‑14.77) 0.254
Yes 24 (38.7) 2.12 (1.04‑16.97)

β‑blocker use
No 41 (66.1) 5.98 (1.36‑19.09) 0.174
Yes 21 (33.9) 2.23 (1.07‑11.95)

CCB use
No 35 (56.5) 5.51 (1.32‑16.43) 0.290
Yes 27 (43.5) 2.23 (1.00‑12.90)

Statin use
No 43 (69.4) 4.76 (1.18‑30.17) 0.187
Yes 19 (30.6) 3.26 (1.29‑7.65)

Fibrate use
No 60 (96.8) 4.45 (1.20‑14.15) 0.343
Yes 2 (3.2) 29.22 (4.22‑54.23)

Data are expressed as median and interquartile range and analyzed by the 
Mann–Whitney U‑test. CAPD: Continuous ambulatory PD, APD: Automated 
PD, ARB: Angiotensin receptor blocker, ACE: Angiotensin‑converting 
enzyme, CCB: Calcium channel blocker, PD: Peritoneal dialysis

Figure 1: Comparison of (a) osteocalcin levels (median and interquartile range) in the high and low central arterial stiffness groups in 62 peritoneal dialysis patients. 
(b) Scatter plot showing association between log‑osteocalcin levels and carotid–femoral pulse wave velocity values in 62 peritoneal dialysis patients

ba
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not only reduced, but also increased osteocalcin levels predict 
cardiovascular mortality in a U‑shaped relationship  [10,32] or 
predict arterial stiffness by pulse wave velocity in an inverse 
J‑shaped relationship  [33]. In our study, the osteocalcin level 
was independently associated with central arterial stiffness after 
multivariate logistic regression analysis.

Osteocalcin is an important noncollangeous protein in 
bone; iPTH stimulates bone turnover and increases bone 

formation  [26]. However, our study showed that the iPTH 
level was negatively correlated with the osteocalcin level in PD 
patients. One explanation for this is that increased osteocalcin 
levels in PD patients provide negative feedback to inhibit iPTH 
production. Moreover, many factors can affect serum iPTH 
levels, such as a parathyroidectomy, use of phosphate‑binding 
drugs, and use of calcitriol in dialysis patients. The association 
of osteocalcin levels and iPTH levels in dialysis patients needs 
further investigation to draw solid conclusions.

There were some limitations in our study. First, the case 
number was small. Larger number of case studies are needed 
to prove the association of serum osteocalcin levels and central 
arterial stiffness in PD patients. Second, this was a cross‑sec-
tional observational study. A  causative relationship between 
osteocalcin and central arterial stiffness could not be well estab-
lished. Third, we did not include other confounding factors that 
possibly affect the osteocalcin level, such as Vitamin D status 
and warfarin use. We also did not check bone mineral density 
and other bone formation markers (bone‑specific alkaline phos-
phatase, procollagen type 1 amino‑terminal propeptide) or bone 
resorption markers (collagen type 1 cross‑linked C‑telopeptide) 
to identify the bone status in PD patients.

In conclusion, our study showed that a higher osteocalcin 
level, longer PD vintage, and older age were independently 
associated with central arterial stiffness in PD patients. In addi-
tion, the serum iPTH level was negatively associated with the 
serum osteocalcin level in PD patients.
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Variables Log‑osteocalcin (ng/mL)

Univariate Multivariate
r P β P

Age (years) 0.258 0.043*
PD vintage (months) −0.147 0.254
Height (cm) −0.102 0.429
Body weight (kg) −0.136 0.292
BMI (kg/m2) −0.100 0.441
Carotid–femoral PWV (m/s) 0.404 0.001* 0.377 0.001*
SBP (mmHg) 0.021 0.873
DBP (mmHg) 0.088 0.497
Total cholesterol (mg/dL) 0.215 0.093
Log‑TG (mg/dL) −0.185 0.150
Log‑glucose (mg/dL) −0.040 0.756
Blood urea nitrogen (mg/dL) 0.079 0.542
Creatinine (mg/dL) −0.186 0.147
Total calcium (mg/dL) 0.153 0.235
Phosphorus (mg/dL) −0.136 0.292
Log‑intact parathyroid 
hormone (pg/mL)

−0.461 <0.001* −0.447 <0.001*

Weekly Kt/V −0.310 0.017*
Peritoneal Kt/V 0.189 0.152
Total clearance of creatinine 
(L/week)

−0.091 0.492

Peritoneal clearance of 
creatinine (L/week)

−0.098 0.459

*Values of P<0.05 were considered statistically significant. Data for 
the triglyceride, glucose, intact parathyroid hormone, and osteocalcin 
levels showed skewed distributions and were log‑transformed before 
analysis. Analysis was done using univariate linear regression analyses or 
multivariate stepwise linear regression analysis. Kt/V: Fractional clearance 
index for urea, PWV: Pulse wave velocity, PD: Peritoneal dialysis, 
BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic 
blood pressure, TG: Triglyceride
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