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Abstract

Osteocalcin (OCN) is a bone-derived and vitamin K dependent hormone that affects
energy metabolism and vascular calcification. The relationship between serum OCN
and vascular function in patients with chronic kidney disease (CKD) is uncertain.
This study investigated the association between serum OCN and vascular function
as expressed with reactive hyperemia index (RHI) and augmentation index (Alx)
measured by Endo-PAT 2000 device. This cross-sectional analysis was based on
256 pre-dialysis CKD patients who had completed the Endo-PAT 2000 test and
serum OCN at the First Center of Chinese PLA Hospital from November 2017 to
December 2019. Based on whether the RHI was less than 1.67, the patients were
divided into endothelial dysfunction and normal endothelial function groups. Mul-
tiple logistic and linear regression were used to analyze the association between
OCN and vascular function. Subgroup analyses were performed to examine the
effects of OCN on vascular function in different CKD populations. After mul-
tivariate adjustment, CKD with low OCN were more likely to have endothelial
dysfunction (OR: 0.794; 95%Cl: 0.674-0.934; P = .006); on the contrary, patients
with high OCN had a higher degree of arterial stiffness (standardized §: 0.174;
P = .003). Subgroup analyses showed that higher OCN was associated with severe
arterial stiffness but a better endothelial function in young (age < 65 years,
Prui/Paixezs = -027/011), male (Pryy/Pae7s = -040/.016), patients with a history of
hypertension (Pgy/Paixe7s = -004/.009) or diabetes (Pgy;/Paixa7s = -005/005), and in
early CKD (Pgy/Pajxe7s = :014/.015). In conclusion, serum OCN correlates with vas-
cular function in CKD patients: beneficial for endothelial function but detrimental to

arterial stiffness.
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1 | INTRODUCTION

Osteocalcin (OCN), a vitamin K dependent hormone derived from
osteoblasts, plays a role in bone mineralization, implicates the activity
of osteoblasts and osteoclasts, and regulates the energy metabolism of
glucose and lipids.! As a marker of bone turnover, increasing studies
suggest that OCN is also associated with vascular health, includ-
ing endothelial function and vascular calcification.?* Uremia and
abnormal mineral metabolism are significant factors affecting vascu-
lar health, which precede the onset of cardiovascular disease (CVD)
and lead to morbidity and mortality of chronic kidney disease (CKD).>¢
However, recent studies exploring the effects of OCN on blood vessels,
including endothelial function and vessel wall properties, have yielded
significantly different results. Several studies have reported that higher
circulating total OCN indirectly mediates vascular health via regulating
metabolic markers,%” and daily supplements of OCN can benefit vas-
cular endothelial function.® Nevertheless, others have suggested that
OCN correlates with indicators of arterial stiffness such as pulse wave
velocity (PWV) and may play a vital role in the phenotype conversion of
vascular smooth muscle cells (VSMCs) to bone-forming cells.”"12 OCN
comes in two forms, uncarboxylated OCN (ucOCN) and carboxylated
OCN (cOCN), with different physiological functions.’® Animal studies
have shown that the major pathway for the catabolism of circulating
OCN is kidney filtration and degradation.'* Elevated OCN is typical
in CKD patients’®; however, the association between elevated OCN
with vascular function in CKD patients remains unknown. Given the
importance of vascular function in renal disease, it is imperative to
investigate whether serum OCN is associated with vascular function in
CKD patients and whether these effects are beneficial or detrimental.

Endo-PAT 2000 (Itamar Medical, Israel) test is a noninvasive, auto-
mated, and recognized technique for measuring vascular function
that simultaneously assesses both the reactive hyperemia index (RHI),
which is indicative of endothelial vasodilator function, and the digi-
tal augmentation index (Alx) to indicate arterial stiffness.’® Endo-PAT
diagnostic system records peripheral arterial tension (PAT) to deter-
mine the fingertips pulses volume change before and after unilateral
blood flow occlusion by comparing it with the contralateral arm signal.

In light of previous evidence linking OCN to vascular health, we
hypothesized that OCN had a relationship with vascular function in

CKD patients. We tested this hypothesis in non-dialysis CKD patients.

2 | METHODS

2.1 | Participants

Patients aged > 18 years with the diagnosis of CKD stage 1-5 (non-
dialysis dependent) who were referred to our center were invited to
participate in this study from November 2017 to December 2019. The
diagnoses of CKD conformed to the KDIGO (Kidney Disease: Improv-
ing Global Outcomes) guidelines'” and were confirmed by the research
staff before enrollment. The exclusion criteria included patients who

were unsuitable for the assessment of Endo-PAT device, including

those who had finger wounds; Reynolds phenomenon; and patients
with arteriovenous fistula. We also excluded other unstable condi-
tions when the research staff considered the patients unsuitable for
participation.

This cross-sectional study was approved by the Ethics Committee
of the Chinese People’s Liberation Army General Hospital (No. $2017-
038-01). All participants provided written informed consent before

enrollment.

2.2 | General data collection

Patients were interviewed by research staff to obtain their general
demographic and medical information. The available demographics
include age, sex, height, weight, smoking status (current/non-current
smoking), and previous medical history of hypertension and diabetes.
Body mass index (BMI) was calculated by dividing the weight in kilo-
grams by the square of height in meters. Researchers also validated
all disease conditions via medical records or kin of patients following
the clinical diagnosis criteria. Given that medications affect vascular
function, angiotensin-converting enzyme inhibitors (ACEI), angiotensin
receptor blockers (ARB), statins, and aspirin may benefit endothe-
lial vasodilator function®; we searched the medical record system or
interviewed patients to record the medications the patient was tak-
ing. Drugs of interest included ACEI/ARB, antiplatelet (aspirin and
clopidogrel), and statins. Blood pressure (BP) was measured using an
automated oscillometric device (Omron, Kyoto, Japan) within 5 min-
utes before the Endo-PAT 2000 test. Estimated GFR (eGFR) was cal-
culated according to the CKD Epidemiology Collaboration (CKD-EPI)
creatinine equation.’8

2.3 | Osteocalcin and laboratory test

All biochemical analyses were conducted by the Clinical Diagnos-
tic Laboratory of the Chinese PLA general hospital. Total cholesterol
(TC), triglycerides (TG), high-density lipoprotein (HDL), low-density
lipoprotein (LDL), fasting blood glucose (FBG), and urine protein were
collected. Concentrations of OCN combined with other bone turnover
markers, including parathyroid hormone (PTH), 25-hydroxyvitamin D
(25(OH)D), were measured by an automatic electrochemical lumines-
cence method (Roche, Mannheim, Germany; [coefficient of variation,
10%]). This technique measured OCN concentration at 0.5-300 ng/mL.

2.4 | Vascular function measurement

The Endo-PAT 2000 device (Itamar Medical, Caesarea, Israel) assessed
RHI and Alx, representing endothelial function and arterial stiffness.
The test was performed once per patient by skilled investigators
following the protocol instructions.!? Participants were tested at a
temperature of 21°C to 24°C, with dimmed light and a quiet envi-

ronment, and all were in the supine position. The occluded cuff was
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placed on one upper arm, and finger probes were placed on the index
finger of each hand to record the signal. The process consisted of
5-minute baseline, 5-minute occlusion, and 5-minute post-occlusion
signal records. Occlusion pressure, the inflation pressure of the blood
cuff, was 60 mmHg above SBP measured before the test or 200 mmHg;
at a pressure of that, complete occlusion was achieved as judged by the
device. Both RHI and Alx values were automatically generated, includ-
ing the natural logarithm RHI (LnRHI) and Alx@75, which meant Alx
corrected for heart rate 75 since wave reflections were easily affected
by heart rate. RHI is the ratio of the amplitude of the PAT signal (fin-
gertips pulses volume change) after cuff deflation divided by amplitude
before cuff inflation, adjusted to the contralateral arm. Higher RHI
indicates better endothelial vasodilator function and vascular reactiv-
ity. Based on previous studies, patients with an RHI below 1.67 were

considered endothelial dysfunction.2®

2.5 | Statistical analysis

Numerical variables were presented as mean + SD or median (IQR)
based on distributions. Dichotomous variables were presented as fre-
quency (%). Correlation coefficients between variables and OCN were
analyzed by Spearman correlation. We divided the patients into two
groups, one with RHI values below 1.67 indicating endothelial dysfunc-
tion and other values corresponding to normal or enhanced endothelial
function. We explored the association between OCN with endothe-
lial dysfunction and Alx@75 with binary logistic regression and linear
regression models. We also analyzed OCN concentrations in endothe-
lial function groups and Alx@75 tertiles and compared the differences.
Additionally, subgroup analyses stratified by age, gender, hypertension,
diabetes, and eGFR were performed to analyze the effects of OCN
on vascular function in different CKD populations. We completed the
analyses with IBM SPSS 22.0 software (SPSS Institute; IBM).

3 | RESULTS
3.1 | Baseline characteristics

Patient baseline characteristics are summarized in Table 1. A total of
256 non-dialysis patients with serum OCN and Endo-PAT 2000 mea-
surement records were enrolled in the current study. The median
age and eGFR were 58 (45-64) years and 51.00 (30.33-79.55)
mL/min/1.73 m2, respectively. The OCN values were skewed, with
a 15.15 (9.91-23.12) ng/mL median. The proportion of patients with
endothelial dysfunction (RHI < 1.67) was 44.1%. The mean Alx@75 was
10+ 17%.

3.2 | Relationships between serum osteocalcin
level and variables

Table 2 summarizes the correlation coefficients between OCN con-

centration and the baseline characteristics of CKD patients. There

Variables
Age (years)
Male sex (%)
BMI (kg/m?)
Official BP
Systolic BP (mmHg)
Diastolic BP (mmHg)
Current smoker (%)
Hypertension (%)
Diabetes (%)
FBG (mmol/L)
TC (mmol/L)
TG (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
Osteocalcin (ng/mL)
25(0OH)D (ng/mL)
PTH (pg/mL)
eGFR (mL/min/1.73 m2)

Urine protein (g/day)

Endo-PAT 2000 parameters

TABLE 1 Clinical characteristics of participants

All (no. = 256)
58 (45-64)
166 (64.8)
25.26 +3.60

127(115-137)
78 (70-84)
52(20.3)
184(71.9)
88(34.4)
4.64(4.17-5.38)
4.49 (3.70-5.45)
1.76 (1.16-2.78)
1.10(0.86-1.42)
2.80(1.93-3.68)
15.15(9.91-23.12)
10.7 (5.95-15.70)
35.05(23.55-62.46)
51.00(30.33-79.55)
2.22(0.70-4.51)

RHI 1.72(1.47-2.09)
RHI < 1.67 (%) 113 (44.1)
LnRHI 0.54(0.39-0.74)
Alx@75 (%)

Tertile 1 (range) —-32to2

Tertile 2 (range) 3to 16

Tertile 3 (range) 17to 70

Medications

ACEI/ARB (%) 139 (54.3)
Antiplatelet (%) 59(23.0)
Statins (%) 122(47.7)

Note: Categorical characteristics were presented as number (percentage),
and continuous characteristics were presented as mean + standard devi-
ation or median (25th-75th percentile). Antiplatelet included aspirin and
clopidogrel.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; Alx@75,
augmentation index standardized to a heart rate of 75; ARB, angiotensin
receptor blockers; BP, blood pressure; eGFR, estimated glomerular filtra-
tion rate; FBG, fasting blood glucose; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; LnRHI, the natural logarithm RHI; PTH, parathy-
roid hormone; RHI, reactive hyperemia index; TC, total cholesterol; TG,
triglyceride.

was a positive but modest correlation between OCN and vascular
function including RHI and Alx@75 (r = 0.203, P = .001; r = 0.193,
P =.002, Table 2). In addition, OCN positively correlated with SBP and
PTH but negatively with BMI, TC, HDL, and eGFR. In our study, there

was no relationship between OCN and FBG. Patients with endothelial
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FIGURE 1 Comparison of osteocalcin in different vascular function groups. Tertile 1 of Alx@75 (range): -32 to 2; tertile 2 (range): 3to 16;

tertile 3 (range): 17 to 70.

TABLE 2 Correlation coefficients between serum osteocalcin and
baseline characteristics of CKD patients

r P
Age (years) —-0.088 161
BMI (kg/m?) -0.127 .042
Systolic BP (mmHg) 0.200 .001
Diastolic BP (mmHg) 0.119 .057
FBG (mmol/L) 0.031 625
TC (mmol/L) -0.172 .006
TG (mmol/L) -0.112 076
HDL (mmol/L) —0.369 <.001
LDL (mmol/L) -0.099 116
RHI 0.203 .001
Alx@75 (%) 0.193 .002
25(0OH)D (ng/mL) 0.024 697
PTH (pg/mL) 0.644 <.001
eGFR (mL/min/1.73 m2) —0.595 <.001
Urine protein (g/day) 0.096 127

Note: Spearman correlation for variables was used to analyze correlation
coefficients.

dysfunction (RHI < 1.67, Figure 1) had significantly lower levels of OCN
(P < .001). In arterial stiffness (expressed by Alx@75) groups, OCN
concentration was the highest in tertile three of AIx@75 (P =.011).

3.3 | Association between variables including
osteocalcin and endothelial dysfunction (RHI < 1.67)

We investigated the association between variables, including OCN (per
10 ng/mL) and RHI < 1.67 (Table 3). Univariate logistic regression
analysis showed a protective association between OCN and endothe-
lial dysfunction, with an OR of 0.789 (95%Cl: 0.670-0.928, P = .004).
Moreover, multivariate logistic regression analysis, including age, sex,

and other factors selected by univariate analysis based on P < .1, iden-

tified that OCN (OR: 0.794; 95%Cl: 0.674-0.934; P = .006), with age

and sex, was significantly associated with endothelial dysfunction.

3.4 | Association between variables including
osteocalcin and arterial stiffness (AIx@75)

We also explored the role of OCN in arterial stiffness (Table 4). A posi-
tive association between OCN and AIx@75 was detected in univariate
linear regression (3=0.182, P=.003); and, even after adjusting for age,
blood pressure, diabetes, eGFR, and PTH, OCN (8 = 0.174, P = .003)

was still associated with arterial stiffness.

3.5 | Subgroup analyses of the association
between osteocalcin and vascular function

Based on age (< 65 years or > 65 years), gender, hyper-
tension, diabetes, and eGFR level (> 60 mL/min/1.73 m2 or
eGFR < 60 mL/min/1.73 m?2), we further performed subgroup
analyses of the association between OCN and vascular func-
tion. In Table 5, the associations of OCN and vascular function
were relatively stable across subgroups and were more pro-
nounced in young (age < 65 years, Pryi/Paix@7s = -027/011), male
(Prui/Paix@7s = 040/.016), patients with a history of hypertension
(Prui/Paix@7s = -004/.009) or diabetes (Pgpy/Paixa@7s = -005/.005), and
in early CKD (Pru/Paix@7s = -014/.015). In these populations, high
levels of OCN were associated with high levels of RHI and Alx@75,

which was consistent with the results in the general population.

4 | DISCUSSION

Previous studies reported that serum OCN seemed to have an impor-

h,2! energy metabolism,??

24 It

tant influence on bone and muscle strengt
brain development,?® vascular function,? and male fertility.
appears to be an important endocrine hormone that acts through-
out the body. This CKD study found that OCN correlated with lipid
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TABLE 3 Binary logistic regression analyses of variables contributing to endothelial dysfunction (RHI < 1.67) in CKD patients

Univariate logistic regression analysis

Multiple logistic regression analysis

Wald 2 P OR (95% Cl) Wald ? P OR (95% Cl)
Age (per 10 years) 7.454 .006 1.311(1.079-1.592) 9.399 .009 1.389(1.126-1.714)
Female 3.652 056 0.604 (0.360-1.013) 5.038 .025 0.536 (0.311-0.924)
Current smoker 0.107 743 0.903 (0.490-1.664)
BMI (kg/m?) 1.554 213 0.957 (0.892-1.026)
SBP (mmHg) 3.041 .081 0.986(0.971-1.002)
DBP (mmHg) 0.168 .682 0.995(0.973-1.018)
Diabetes 0.326 .568 1.163(0.693-1.953)
eGFR (per 10 mL/min/1.73 m?) 5.734 .017 1.105(1.018-1.198)
Urine protein (g/day) 1.733 .188 0.935(0.845-1.034)
FBG (mmol/L) 0.195 .659 0.966 (0.829-1.126)
TC (mmol/L) 0.128 721 1.030(0.878-1.208)
TG (mmol/L) 1.040 .308 0.915(0.771-1.086)
HDL (mmol/L) 3.207 .073 1.666(0.953-2.913)
LDL (mmol/L) 0.407 .523 0.899 (0.885-1.272)
Osteocalcin (per 10 ng/mL) 8.170 .004 0.789(0.670-0.928) 7.707 .006 0.794(0.674-0.934)
25(0OH)D (ng/mL) 0.379 .538 1.061(0.978-1.043)
PTH (pg/mL) 5.251 022 0.992(0.986-0.999)
ACEI/ARB use 0.678 .900 1.191(0.548-1.478)
Antiplatelet use 0.779 377 0.769 (0.429-1.378)
Statins use 1.679 195 0.721(0.439-1.183)

Note: Age, sex, and other factors with P <.1in univariate logistic regression were included in multiple logistic forward regression.

profile, kidney function, and vascular function. We discovered that
OCN was inversely associated with total cholesterol, which confirmed
the involvement of OCN in energy regulation. However, the nega-
tive correlation between OCN and HDL should be noted. This finding
is different from most previous studies reporting a positive correla-
tion between serum OCN levels and HDL levels, and the difference
may be partly due to the prevalence of lipid metabolism disorders in
patients with renal disease, which requires more research to explore
and confirm. We also detected a negative correlation between OCN
and renal function, mainly caused by reduced glomerular filtration
capacity. Notably, there was no relationship between OCN and vita-
min D in our study, which may not support the observation that vitamin
D is related to OCN synthesis.2> Our results suggested that OCN had
beneficial effects on endothelial function but detrimental effects on
arterial stiffness. Next, we will focus on this discrepancy and discuss the

underlying mechanisms.

4.1 | Osteocalcin and endothelial function

The endothelium produces vasodilator and vasoconstrictor molecules
and plays a fundamental role in regulating vascular tone and activ-
ity. Endothelial dysfunction is diagnosed as impaired endothelium-
dependent vasodilation by reducing the bioavailability of nitric oxide

(NO).2627 |ncreasing evidence suggests a link between OCN and
endothelial dysfunction. Qi Huan Lv and associates?® reported that
lower OCN was negatively associated with femoral intima-media thick-
ness in type 2 diabetes mellitus patients without renal dysfunction.
Tawar Qaradakhi and associates # reported that ucOCN in vitro incuba-
tion could improve the impaired endothelium-dependent vasodilation
in rabbit abdominal aorta on an atherogenic diet for 4 weeks. Whether
the improvement in vascular function by OCN is due to the lowering of
blood sugar and lipids or the direct effect of OCN on vascular function
is still uncertain. In an age and sex-matched case-control study, 61 male
participants underwent coronary artery bypass grafting (CABG), and
61 were controls. In persons with CABG, the serum ucOCN level was
decreased compared with those in the controls, regardless of energy
metabolism status and renal function.2? Furthermore, in our multivari-
ate logistic regression, metabolic indicators such as BMI, blood lipids,
and glucose were not associated with endothelial function, suggest-
ing that the protective effect of OCN on endothelial function in CKD
may not be affected by energy metabolism. OCN was expressed in
all vascular layers, including endothelium, VSMCs, and adventitia.*°
Chang Hee Jung and associates 3! reported that, in human aortic
endothelial cells, daily ucOCN treatment increased NO secretion from
endothelial cells and partially reversed the inhibitory effect of free
fatty acid on insulin signaling, exerting an anti-apoptotic influence on
vascular endothelial cells via the regulation of the phosphoinositide
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TABLE 4 Linear regression analyses of variables contributing to Alx@75 in CKD patients

Univariate linear regression Multiple linear regression
Standardized 8 P Standardized g P
Age (per 10 years) 0.251 <.001 0.201 .001
Female 0.071 256
Current smoker 0.006 .930
BMI (kg/m?) —0.067 .286
SBP (mmHg) 0.310 <.001 0.246 <.001
DBP (mmHg) 0.167 .007
Diabetes 0.137 .028
eGFR (per 10 mL/min/1.73 m2) —0.249 <.001
Urine protein (g/day) 0.085 177
Fasting blood glucose (mmol/L) -0.024 .707
TC (mmol/L) —0.050 426
TG (mmol/L) —-0.012 846
HDL (mmol/L) -0.079 .207
LDL (mmol/L) —0.046 466
Osteocalcin (ng/mL) 0.182 .003 0.174 .003
25(0OH)D (ng/mL) -0.023 715
PTH (pg/mL) 0.179 004
ACEI/ARB use 0.040 522
Antiplatelet use 0.058 .354
Statins use 0.046 .734

Note: Age, eGFR, and other factors with P <.1in univariate linear regression were included in this multiple linear stepwise regression.

TABLE 5 Subgroup analyses of the relationship between OCN (per 10 ng/mL) and vascular function

Endothelial function (RHI) Arterial stiffness (AIx@75)

Groups OR (95%Cl) P Standardized g P
Total 0.794 (0.674-0.934) .006 0.174 .003
Age

<65 years 0.828 (0.700-0.978) 027 0.159 011

> 65 years 0.729 (0.466-1.139) 165 0.200 164
Gender

Male 0.780(0.615-0.989) .040 0.178 016

Female 0.822(0.663-1.020) 075 0.164 .106
Hypertension

Yes 0.722(0.579-0.901) .004 0.186 .009

No 1.165 (0.830-1.634) .377 0.079 .503
Diabetes

Yes 0.569 (0.385-0.841) .005 0.299 .005

No 0.874 (0.734-1.041) .130 0.115 11
eGFR

> 60 mL/min/1.73 m? 0.791(0.655-0.954) .014 0.201 .015

< 60 mL/min/1.73 m? 0.808 (0.446-1.465) 483 —0.068 423

Note: Subgroup analyses were based on multivariate analysis, including statistically significant covariates in multiple logistic regression or multiple linear
regression: associations between osteocalcin and endothelial function adjusted for age and sex; osteocalcin and arterial stiffness adjusted for age and systolic
blood pressure.
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3-kinase/protein kinase B/endothelial NO synthase (PI3K/Akt/eNOs)
signaling pathway. Phosphorylation of Akt/eNOS by ucOCN was also
inhibited by the addition of Wortmannin, an inhibitor of PI3K. In addi-
tion, evidence from in vivo and in vitro experiments suggests that OCN
could inhibit autophagy and endoplasmic reticulum stress and improve
insulin signaling in vascular tissues and cells in the setting of insulin
resistance via PI3K/Akt/NFxB/mTOR signaling pathway,?233 which
plays a role in protecting vascular function. The receptors of OCN in
the vasculature are yet to be identified. GPRC6A (G-protein coupled
receptor family C group 6 member A) was demonstrated to mediate
the response of OCN in pancreatic beta-cell to promote insulin secre-
tion. Previous studies also have identified GPRC6A as an OCN receptor
in mouse testis®* and skeletal muscle.3> Using the proximity ligation
assays and immunohistochemistry, Tawar Qaradakhi’s group® demon-
strated the presence of ucOC and GPRC6A in human and diseased
rabbit arteries and determined their physical proximity (<40 nm);
OCN binding to GPRC6A in endothelial cells may exert vasoprotective
effects, and help to provide a potential target for improving vascular
health.

Anna Bar and associates 3¢ conducted a study to explore the effect
of Vitamin K (the synthase of OCN) on vascular endothelial function.
In ApoE/LDLR~/~ mice with or without atherosclerotic plaques, treat-
ment with a low (0.03 mg/kg) or high (10 mg/kg) dose of vitamin
K2 improved acetylcholine and flow-induced endothelium-dependent
vasodilation and increased in plasma nitrate concentration. Follow-
ing a 12-week high-fat diet with daily injections of vehicle or OCN
(30 ng/g), the dilation of the thoracic aorta was improved by 20% in the
OCN-treated mice compared to the vehicle-treated mice.8 Addition-
ally, vascular endothelial function was measured in 24 atrial fibrillation
patients who had been treated with warfarin, a vitamin K antago-
nist, for at least 12 months and 18 patients without warfarin. Those
patients who received warfarin treatment had significant lower RHI
values compared to those in non-warfarin group (1.48 + 0.11 vs 1.88 +
0.12 ng/mL; P = .017).37 However, some studies have found the oppo-
site. Alexander Tacey and associates 38 reported that ucOCN acute
treatment had no positive effect on endothelial vasodilation or mark-
ers of vasodilation in rabbit aorta ex vivo and human vascular cells in
vitro in the presence or absence of high glucose; and the clinical study
part found no association between ucOCN and brachial artery flow-
mediated dilation (FMD), another noninvasive measure of endothelial
function, in healthy elderly patients with an average age of 73 years.
Hiroyuki Sumino and associates 37 performed the Pearson correlation
analysis of OCN with FMD in 85 postmenopausal women and reported
no correlation. Above conflicting results may be due to inconsistencies
in population, OCN modalities, or the location and size of measured

vessels.

4.2 | Osteocalcin and arterial stiffness
Vascular calcification is a pivotal cause and manifestation of arterial
stiffness. It was considered a passive hydroxyapatite deposition in the

vessel wall for many years; recently, understanding the phenotypic

transformation of VSMCs into bone or chondroid cells has become
increasingly accepted. Our finding of a positive correlation between
serum OCN and digital Alx@75 is consistent with previous studies
demonstrating an association between OCN and arterial stiffness. It
suggests that elevated OCN in CKD may play a role in arterial wall
remodeling and lead to a high incidence of cardiovascular disease in
patients with CKD. Besides, the correlation between OCN and Alx@75
was independent of age, eGFR, blood pressure, diabetes, and PTH.
Currently, the pathophysiological mechanism of OCN on the devel-
opment of arteriosclerosis is not fully known.2 Some researchers
assumed that OCN could mediate the vasculature via the metabolic
effects’; however, as mentioned before, our results showed that these
glucose and lipid parameters did not contribute to arterial stiffness
in multivariate analysis. Some researchers consider that OCN can
bind to the hydroxyapatite mineral of bone with high affinity and
promote bone mineralization, and in this context, it is reported that
OCN is involved in calcifying VSMCs. Other researchers have sug-
gested that OCN is involved in vascular calcification, possibly due to
the transformation of VSMCs into an osteogenic phenotype. The fact
that OCN levels are related to an increased risk of arteriosclerosis
contrasts with the possible beneficial effects on endothelial func-
tion. OCN is increased in patients with cardiovascular disease and
is thought to be associated with vascular calcification and cardio-
vascular disease.3%4041 Among patients undergoing coronary bypass
surgery, their blood OCN concentrations correlated with OCN lev-
els in coronary atherosclerotic plaques and were higher in patients
with calcified coronary plaques; in addition, OCN content increased
with the size of the calcification deposits in plaque.*? Recent stud-
ies have reported that OCN-expressing endothelial progenitor cells
may involve vessel stiffness; they are generated in the bone marrow
and secreted into vascular regions impaired by ischemia or endothelial
dysfunction and mediate abnormal repair.*34“ In vivo rat model of vita-
min D induced vascular calcification revealed a correlation between
elevated OCN levels. It increased hypoxia-inducible factor-1 alpha
(HIF-1a) expression in aortas, demonstrating a potential mechanism
by which OCN stimulates expression of osteochondrogenic transcrip-
tion factors in VSMCs via a HIF-1a dependent manner which plays
a crucial role in cartilage formation and survival.*® In contrast, some
studies supported no relationship between OCN and vascular calci-
fication in CKD and non-CKD patients and no evidence of an active
role of ucOCN in arterial stiffness.*¢*” Not only that, carotid-femoral
pulse wave velocity (cf-PWV), the gold standard for assessing arterial
stiffness, was shown to be inversely correlated with OCN in hemodial-
ysis patients,” implying that OCN may have a protective effect on
vascular structures. However, this study also found that PWV was neg-
atively associated with metabolic wastes (creatinine, urea nitrogen,
phosphate, potassium, and PTH), for which the authors did not provide
a clear explanation. Given these conflicting findings, further extensive
research is needed on the link between OCN and atherosclerosis.
Some limitations in this study need to note. First, as mentioned
before, we only investigated serum total OCN concentration; further
research is warranted for the relations of ucOCN and cOCN with vas-

cular function in CKD. Second, this was a cross-sectional study, and
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thus we could not determine the causality between OCN and vascular
function change. Third, many of CKD patients had glomerulonephri-
tis with dyslipidemia, which may interfere with the analysis of the
relationship between OCN and lipids.

In conclusion, OCN may provide new insights into the kidney-bone-
cardiovascular axis; in patients with CKD, serum OCN is related to
vascular function as measured by Endo-PAT 2000. Higher OCN is
associated with more severe arterial stiffness but better endothelial

function.
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