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Background: Chronic kidney disease has emerged as a significant independent risk
factor for cardiovascular disease. Cardiovascular calcification is an active process
involving a complex interaction of inducers and inhibitors. High sensitivity cardiac troponin
T assay detects troponin T with higher sensitivity and precision at an earlier point
of time than the conventional assays, and is associated with poor outcomes. Serum
osteoprotegerin is classed as an inhibitory factor for cardiovascular calcification. It is
involved in the pathological processes of vascular damage and linked to the excess
cardiovascular morbidity. The aim of the present study was to evaluate the extent of
cardiovascular calcification and serum high sensitivity cardiac troponin T level, and their
association with serum osteoprotegerin level in patients with chronic kidney disease
stages 3-5.

Methods: 90 chronic kidney disease patients were enrolled in this study, and they
were divided into two groups: group (1) included 45 non-dialysis-dependent chronic
kidney disease patients (stages 3-5) and group (2) included 45 chronic hemodialysis
patients. Each group further subdivided according to the presence of cardiovascular
calcification into subgroup A and B. Vascular calcifications were assessed by lateral
lumbar, pelvis and hands X-ray radiographs. Valvular calcification was assessed by
echocardiography. Serum cardiac troponin T was measured by high sensitivity assay
and serum osteoprotegerin was measured by ELISA.

Results: Cardiovascular calcification distribution was 22.2% in group (1) and 33.3%
in group (2). Serum osteoprotegerin and troponin T in calcification groups (1A
and 2A) were significantly higher than non-calcification groups (1B and 2B; P <
0.001). Osteoprotegerin correlated positively with high sensitivity cardiac troponin
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T (rs = 0.72, P < 0.001). cardiovascular calcification correlated positively with
osteoprotegerin, troponin T, and phosphorus. osteoprotegerin and phosphorus were
significant independent predictors of cardiovascular calcification at cut-off values >4.6
ng/L and >6.95 mg/dl, respectively (P < 0.001). Serum phosphorus and creatinine were
independent predictors of osteoprotegerin (P < 0.001 and 0.048, respectively).

Conclusion: Osteoprotegerin is strongly associated with cardiovascular calcification
and high sensitivity cardiac troponin T. In addition, there is a positive association between
calcification and troponin T. This suggests a role for osteoprotegerin in the pathogenesis
and risk stratification of cardiovascular calcification and myocardial injury in chronic
kidney disease patients with a potential role as a therapeutic target.

Keywords: osteoprotegerin, troponin T, cardiovascular calcifications, myocardial injury, chronic kidney disease

INTRODUCTION

Cardiovascular disease (CVD) is considered a leading cause
of morbidity and mortality in chronic kidney disease (CKD)
patients, and the incidence of cardiac mortality increases with
decline in renal function (1). The risk of developing CVD
in patients with CKD exceeds the risk of reaching end-stage
kidney disease (ESKD) (2), as the majority of these patients will
ultimately die from a cardiovascular event prior to progression to
ESKD (3).

This increased incidence is due to the extended exposure of
CKD patients to traditional as well as non-traditional risk factors
(4). Traditional cardiovascular risk factors include age, diabetes
mellitus, hypertension, smoking, and dyslipidemia (5), and non-
traditional risk factors include oxidative stress, inflammation,
progressive atherosclerosis and bone and mineral metabolism
derangement (6).

Cardiovascular death results from heart failure and fatal
arrhythmias, in addition to fatal atherosclerosis-related
complications such as myocardial infarction and stroke especially
in advanced CKD stages (7). Cardiovascular calcification (CVC)
is increasing with progressive decline in kidney function and
sharing in the increased cardiovascular risk (8). Vascular and
valvular calcifications in CKD occur partly due to disturbed
mineral metabolism with passive deposition of calcium and the
therapies used to control it (9), and also due to an active process
of osteogenesis in vascular smooth muscle cells (10).

Cardiac troponin T (cTnT) is considered a sensitive and
specific biomarker of myocardial injury and an index of
irreversible myocardial change (11). High sensitivity cardiac
troponin T (hs-cTnT) assay may be useful for studying the earliest
stages of heart disease in CKD patients, as it detects much lower
levels of myocardial injury (up to 10 fold lower levels) than
previous assays (12).

Abbreviations: AACS, abdominal aortic calcification score; ACI, aortic
calcification index; CAC, coronary artery calcification; CKD, chronic kidney
disease; CKD 5HD, chronic kidney disease on maintenance hemodialysis; CKD
ND, non-dialysis-dependent chronic kidney disease patients; CVC, cardiovascular
calcification; CVD, cardiovascular disease; ESKD, End-stage kidney disease;
hs-cTnT, high sensitivity cardiac troponin T; OPG, osteoprotegerin; RANKL,
receptor activator of nuclear factor-kB ligand; VC, vascular calcification.

A rise in troponins compared with previous persistent
elevated values, with serial measurements, has been considered
to help differentiate acute myocardial injury from chronic
elevations of ¢TnT in patients with advanced CKD (13). In
addition, hs-cTnT has a strong association with changes of left
ventricular structure and diastolic dysfunction (14).

Osteoprotegerin (OPG) is a soluble member belonging to
the tumor necrosis factor (TNF) receptor superfamily, and it
has pleiotropic effects on bone metabolism, immune system and
endocrine function (15). It is a calcification natural inhibitor
which prevents osteoclastic bone resorption by binding to the
receptor activator of nuclear factor-«B ligand (RANKL), working
as a decoy receptor leading to competitive inhibition of RANKL
interaction with its receptor (16).

Adverse cardiovascular outcomes in CKD were proved to be
associated with higher OPG levels (17). A crosstalk between the
bone and the vasculature exists, its pathological expression is the
close association between bone turnover, vascular calcification
and cardiovascular events in CKD patients (18).

To determine the relationship between serum OPG, as
a marker of bone-mineral metabolism, and the extent of
cardiovascular calcification and hs-cTnT level as a myocardial
injury marker in CKD patients, this study was carried out.

METHODS

All participants were enrolled in this observational cross-
sectional study, which was conducted at Internal Medicine
Department (Nephrology Unit). The patients were recruited
from nephrology inpatient wards, outpatient clinic and
hemodialysis unit within a period of 1 year from January 2017 to
January 2018.

Study Population

This study included 90 chronic kidney disease patients, who were
divided into two groups: group (1) included 45 non-dialysis-
dependent CKD patients (CKD ND) stages 3-5, and group (2)
included 45 patients with CKD on maintenance hemodialysis
(CKD 5HD). Each group was subdivided according to the
presence of CVC into: a subgroup A (patients with CVC) and a
subgroup B (patients without CVC).
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Inclusion and Exclusion Criteria

e Non-dialysis CKD patients with estimated glomerular
filtration rate (eGFR) <60 ml/min/1.73 m? and chronic
hemodialysis patients (dialysis duration >6 months) were
included in the study for group 1 and group 2, respectively.

e We excluded the following:

patients <18 years old, pregnant females, CKD patients with
eGFR >60 ml/min/1.73 m? or with hemodialysis period <6
months, patients with heart failure [left ventricular ejection
fraction (EF) <35%], patients with symptoms of acute coronary
syndrome, acute coronary event or any cardiac procedure
within 1 month before enrollment in the study, recent infection
within 1 month before enrollment in the study, patients using
corticosteroids or immunosuppressive agents and patients who
have malignant tumors.

Patients included in the study were subjected to: thorough
history taking and complete clinical examination, emphasizing
on: etiology and duration of CKD, history of cardiovascular
disease, smoking history, drugs that were taken at entry to
the study and duration and prescription of dialysis therapy; all
group 2 patients were dialyzed for >6 months via arteriovenous
fistula, three times/week for 4 h session using polysulfone low flux
dialyzer 1.6 m? surface area, with blood flow 300-350 ml/min and
dialysate flow 500 ml/min and dialysate calcium concentration
1.5 mmol/L, using heparin as anticoagulant with tailored doses
according to each case and bicarbonate based dialysate.

Laboratory investigations, included complete blood count,
serum creatinine, blood urea, eGFR [using Modification of Diet
in Renal Disease (MDRD) equation] (19), serum albumin, C-
reactive protein (CRP), serum total cholesterol and triglycerides,
serum total alkaline phosphatase (ALP), intact parathyroid
hormone (iPTH), serum corrected total calcium, phosphorus
and magnesium.

Assessment of hemodialysis adequacy was done using single
pool Kt/V by the second generation Daugirdas formula (for
hemodialysis patients group) (20). Electrocardiography (ECG)
was done to exclude any abnormal new findings concerning acute
myocardial ischemia, infarction or heart failure.

Serum OPG level was measured using a double-antibody
sandwich enzyme-linked immunosorbent assay (ELISA). SunRed
biological technology Catalog No. 201-12-1559. Sensitivity:
2.044 ng/L. Assay range 2.5-720 ng/L. Intra-assay CV <10%,
Inter- assay CV <12% (21). Serum cardiac troponin T was
measured using high sensitivity immunoassay on TOSOH AIA-
1800ST (22).

Radiological Techniques

Echocardiography

A two-dimensional transthoracic echocardiographic study was
performed on each patient. Digital images were acquired in
the long-axis and short-axis parasternal views and the apical
four and two chamber views. The presence of aortic and mitral
valve calcification, separately, was determined visually by a single
experienced cardiologist and assessed as being present or absent.
Valvular calcification was defined as bright echoes of more than
1 mm on 1 or more cusps of the aortic and the mitral valves.

Lateral Lumbar Plain X-Ray Radiography

Lateral lumbar radiography was performed in the standing
position using standard radiographic equipment to assess
abdominal aorta calcifications. Calcification of the aorta was
graded using a previously validated system (Kauppila score) in
which both the location and the severity of calcific deposits at
each lumbar vertebral segment (L1-L4) were evaluated.

For this validated 24-point abdominal aortic calcification
score (AACS), calcified deposits along the anterior and posterior
longitudinal walls of the abdominal aorta adjacent to each lumbar
vertebra from L1 to L4 were assessed using the midpoint of
the intervertebral space above and below the vertebrae as the
boundaries (23).

Grading of Calcifications Was as Follows

0 for no Aortic Calcific Deposits; 1 for Small Scattered
Calcific Deposits less than One-third of the Corresponding
Length of the Vertebral Level; 2 for Medium Quantity of
Calcific Deposits About One-third or More, but less than two
thirds of the Corresponding Vertebral Length; 3 for Severe
Quantity of Calcifications of more than Two-thirds or More
of the Corresponding Vertebral Lengths. The Scores, Obtained
Separately for the Anterior and Posterior Walls, Resulted in a
Range From 0 to 6 for Each Vertebral Level and 0-24 for the Total
Score (24).

Anteroposterior Pelvis and Hands Plain X-Ray
Radiography

A simple vascular calcification score was used to assess peripheral
vascular calcifications in the pelvis and both hand. This vascular
calcification score (Adragao score) was evaluated in plain
radiographic films of pelvis and hands.

The pelvis radiographic films evaluated iliac and femoral
arteries and were divided into four sections by two imaginary
lines: a horizontal line over the upper limit of both femoral heads
and a median vertical line over the vertebral column. The films of
the hands evaluated radial and digital arteries and were divided,
for each hand, by a horizontal line over the upper limit of the
metacarpal bones. The presence of linear calcifications in each
section was counted as 1 and its absence as 0. The final score was
the sum of all the sections, ranging from 0 to 8 (25).

Disclaimer

e An approval was obtained from Research Ethics Committee
of Faculty of Medicine Tanta University to conduct this study
and to use the facilities in the hospitals. Reference number
is 2443/03/14.

e Informed written consents were obtained from all patients
after full explanation of the benefits and risks of the study.
Privacy of all patients’ data was granted by a special code
number for every patients file that included all investigations.

Statistical Analysis
The collected data were organized, tabulated, and statistically
analyzed using SPSS software version 20.

- For quantitative data, the Shapiro-Wilk test for normality
was performed.
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- For data that were not normally distributed median and
interquartile range (expressed as 25th—75th percentiles) were
calculated and Mann-Whitney and Kruskall-Wallis tests
were used.

- For normally distributed data, values were expressed as mean
=+ standard deviation and Independent samples T-test and one
way ANOVA were performed for comparison between groups.

- For qualitative data, Pearson’s Chi square test was used to
examine association between two variables.

- Spearman’s rank correlation was done to test associations
of the studied variables with osteoprotegerin and
cardiovascular calcifications.

- Binary logistic regression and receiver operation characteristic
(ROC) curve analysis were carried out to test the
power and validity of some studied variables to predict
cardiovascular calcification.

- In addition, multivariate regression analysis was done to
predict OPG level.

- Significance was adopted at P < 0.05 for interpretation of
results of the tests.

RESULTS

This observational cross-sectional study included 90 patients,
who were divided into two main groups; group 1 included
45 non-dialysis-dependent CKD patients (CKD ND), stages
3-5, and group 2 included 45 patients with CKD on
maintenance hemodialysis >6 months (CKD 5HD). Each group
was subdivided according to the presence or absence of
cardiovascular calcification as described in (Table 1).

According to CKD stages, Patients with cardiovascular
calcification increased with the progression of CKD to be
highest in stage 5SHD. The most common cause of CKD was
obstructive uropathy (29%) in group 1 and diabetic kidney
disease (26.6%) in group 2. The demographic and clinical
characteristics were shown in (Table2). The extent of CVC
according to the affected site was as the following; abdominal
aortic calcifications (Figure 1), pelvis and hands calcifications

(Figure 2) and valvular calcifications (Figure 3). Comparisons of
cardiovascular calcifications sites and scores between group 1A
and 2A were included in (Table 3).

Comparisons of the serum laboratory parameters in the
studied groups are displayed in (Table 4). Regarding minerals
and bone profile, serum total ALP and serum phosphorus
were non-significantly higher and serum magnesium was non-
significantly lower in calcification groups (1A & 2A) when
compared with non-calcification groups (1B & 2B), respectively.

C-reactive protein was significantly higher in the dialysis
groups; groups 2A and 2B when compared with the non-
dialysis groups; groups 1A and 1B, respectively. On the
other hand, there was no significant difference on comparing
calcification vs. non-calcification groups; 1A vs. 1B and 2A vs.
2B. There were no significant differences as regard serum total
cholesterol and the median of serum triglycerides among the
studied groups.

High sensitivity cardiac troponin T level and serum OPG level
in group 1A were significantly higher than that of group 1B.
In addition, hs-cTnT and OPG in group 2A were significantly
higher than that of group 2B. However, there were no significant
differences on comparing groups 1A and 1B (non-dialysis
groups) with groups 2A and 2B (dialysis groups), respectively.

There were significant positive correlations between serum
OPG and serum creatinine, blood urea, CRP, and serum
phosphorus. In addition, the strongest positive correlation was
present between serum OPG and hs-cTnT (rs = 0.72, P < 0.001)
(Figure 4). Also, there were significant positive correlations
between serum OPG and AACS (P < 0.001), pelvis and hands
calcification score (P < 0.001) and valvular calcification (P
=0.032).

There were significant positive correlations between serum
hs-cTnT and AACS (P < 0.001) and valvular calcification (P =
0.032). On the other hand, there was non-significant positive
correlation with pelvis and hands calcification score (P = 0.279).
Significant positive correlations were present between serum
phosphorus and AACS (P = 0.006) and pelvis and hands
calcification score (P = 0.032), and non-significant positive
correlation with valvular calcification (P = 0.162) was noticed.

TABLE 1 | Classification of the studied population according to distribution of cardiovascular calcifications.

Groups Tests of significance
G1N =45 G2N =45 Total N = 90 Test statistic P-value
Cardiovascular calcifications Yes N G 1A G2A 25 X%hS =1.38 0.239
10 15
% 22.2% 33.3% 27.8%
No N G 1B G2B 65
35 30
% 77.8% 66.7% 72.2%
Vascular calcification* 9 13 22 (24.4%)
Valvular calcification” 6 8 14 (15.5%)

X&nss Pearson’s Chi square test of association. Significant at P < 0.05.
* Some patients have vascular and valvular calcifications.
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TABLE 2 | Clinical and demographic characteristics of the studied groups.

Groups Tests of significance
1AN =10 1BN =35 2AN =15 2B N =30 Test statistic P-value
Age (years) Minimum 28 25 32 24 F=0.074 0.974
Maximum 60 65 60 65
Mean 44.40 46.09 46.20 46.10
Standard deviation (SD) 10.78 10.61 9.16 11.97
Gender M N 4 19 7 14 X2 =0.813 0.846
% 40.0% 54.3% 46.7% 46.7%
F N 6 16 8 16
% 60.0% 45.7% 53.3% 53.3%
Smoking Yes N 2 7 4 4 X = 1.474 0.697
% 20.0% 20.0% 26.7% 13.3%
No N 8 28 11 26
% 80.0% 80.0% 73.3% 86.7%
History of CVD Yes N 4 8 6 10 X2 =2.318 0.524
% 40.0% 22.9% 40.0% 33.3%
No N 6 27 9 20
% 60.0% 77.1% 60.0% 66.7%
CKD stages Stage 3 N 1 1 0 0 X%hs =28.754 0.001
% 10.0% 31.43% 0.0% 0.0%
Stage 4 N 3 13 0 0
% 30.0% 37.14% 0.0% 0.0%
Stage 5 + HD N 6 11 15 30
% 60.0% 31.43% 100.0% 100.0%
Duration of hemodialysis (years) Minimum 1 1 t =0.692 0.493
Maximum 10.25 16
Mean 5.63 6.43
Standard deviation (SD) 2.91 3.92

£, One way ANOVA test; X%hS’ Pearson’s Chi square test of association; t, independent samples T-test. Significant at P < 0.05.

The significant positive correlation of AACS score with serum
OPG (rs = 0.879), serum hs-cTnT (rs = 0.772), and phosphorus
(rs = 0.616) was the strongest among the all sites affected
by calcification.

There were no significant correlations between arterial
calcification scores and extent of valvular calcification with other
studied laboratory parameters.

There were non-significant negative correlations between
serum OPG and age, eGFR, hemoglobin, serum albumin,
corrected serum total calcium, and serum magnesium. In
addition, there were non-significant positive correlations
between serum OPG and duration of dialysis, Kt/V, 24h
urine protein measurement, iPTH, total ALP, total cholesterol
and triglycerides.

Binary logistic regression analysis was performed to predict
the occurrence of CVC from the studied variables that
showed significant association with it. Among the studied
variables, serum phosphorus and OPG were found to contribute
significantly to the model. The logistic regression model was
statistically significant (x> = 75.13, P < 0.001). The model
explained 81.7% of the variance and correctly classified 94.4%
of cases. Sensitivity was 84%, and specificity was 98.5%.

Increased levels of phosphorus and OPG were associated with an
increased likelihood of developing CVC (odds ratios: 0.096 and
6.445, respectively).

At a cut-off value >4.6 ng/L, OPG was significantly valid
in predicting CVC with sensitivity 84%, specificity 96.9%
and overall accuracy 93.3%. At a cut-off value >6.95 mg/dl,
phosphorus was significantly valid in predicting CVC with
sensitivity 12%, specificity 96.9%, and overall accuracy 73.3%.
Analysis of receiver operating characteristics (ROC) curves of
OPG and phosphorus as predictors of CVC showed an area under
the curve (AUC) = 0.926 for OPG (P < 0.001), and AUC = 0.654
for phosphorus (P = 0.024) (Figure 5).

A multiple regression was done to predict OPG level from
serum creatinine, blood urea, CRP, serum hs-cTnT and serum
phosphorus. This regression model is a good fit of the data and
statistically significantly predicted OPG level (F = 11.58, P <
0.001). This model accounted for 35.3% of the variation in OPG
level (R?). But, only serum phosphorus and serum creatinine
were independent predictors of OPG and added statistically
significant value to the prediction (P < 0.001 and = 0.048,
respectively). Regression equation is OPG = —2.829 + (0.322 X
creatinine) + (1.167 X phosphorus).
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FIGURE 1 | Calcification of anterior and posterior walls of abdominal aorta.

DISCUSSION

In an attempt to tackle this deadly alliance of CKD, mineral
and bone disease and CVD, our study was done to evaluate
the relationship between the cardiovascular calcification and
a myocardial injury biomarker, hs-cTnT, as representatives of
cardiovascular burden in CKD and serum osteoprotegerin, an
osteoclastogenesis inhibitory factor, which is involved in bone

metabolism regulation as well as vascular disease, inflammation
and apoptosis.

A system for quantification of vascular calcification (VC) was
described by Kauppila et al. (26) in a subgroup of participants
of the Framingham heart study. It relies on lateral lumbar
radiographs and the calculation of the AACS. Bellasi et al.
(27) found that AACS correlated well with electron beam CT
scores of coronary arteries in chronic HD patients. Adragao
et al. set up a simple vascular calcification score based on plain
radiographic films of pelvis and hands. Vascular calcifiction
score >3 was independently associated with coronary artery
disease (P = 0.008) and peripheral arterial disease (P < 0.001).
They concluded that this scoring represents a simple tool for
the assessment of cardiovascular risk related to VC in chronic
hemodialysis patients (25).

In the current study, the mean AACS was 7.75 & 3.41 in group
1A and 7.2 £ 3.01 in group 2A, and mean pelvis and hands score
was 2.2 £ 0.84 in group 1A and 2.25 £ 0.71 in group 2A. The
number of patients with valvular calcification was 6 (two single
and four double valvular) in group 1A, and 8 (four single and
four double valvular) in group 2A. There were no significant
differences regarding the calcification degree in all sites between
CKD ND and CKD 5HD patients.

Several publications have reported differences in the
prevalence of CVC in CKD patients depending on the world
region analyzed, ethnicity and the diagnostic method used. A
French paper published by London et al. (28) including 202
patients on chronic hemodialysis reported 68% prevalence of
vascular calcifications diagnosed by X-ray and echocardiogram.
Toussaint el al. (29) showed 90% prevalence of abdominal aortic
calcification in patients on hemodialysis in Australia. Nitta et al.
(30) noted 70% prevalence of VC in ESRD patients diagnosed by
electron bean CT.

In agreement with our study, Rosa-Diez et al. studied the
prevalence of vascular and valvular calcifications in eight dialysis
centers in Argentina. They have shown that a higher rate of VC
with the use of plain X-ray radiographs (63%) when compared
to the prevalence of valvular calcifications (28%) obtained with
echocardiogram (31).

Moreover, Honkanen et al. studied the prevalence of
abdominal aortic calcification in 933 HD patients obtained from
47 centers in six European countries. Lateral lumbar radiography
of the abdominal aorta was used to determine the overall AACS.
The mean AACS of the study population was 10.3 £ 0.3 (24).

Similar to our study, Gorriz et al. assessed VC using the
Kauppila and Adragao scores in 742 non-dialysis-CKD patients.
They found that VC is common in patients with CKD (mean
eGFR 27 & 12 ml/min per 1.73 m?), with a prevalence of 79%
and prominent in 47% (Adragao score >3 or Kauppila score >6)
(32). Thus in agreement with our results, this study importantly
shows that VC starts earlier in the course of CKD, which suggests
that it may be potentially modifiable long before the initiation
of dialysis. In addition, there was non-significant correlation
between eGFR and CVC degree in our study. On the contrary,
Budoff et al. found a strong and graded relationship between
lower eGFR and increasing coronary artery calcification score,
independent of traditional risk factors. This dissimilarity may be
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a

FIGURE 2 | (A) Calcification of digital arteries of the hand. (B) Left femoral artery calcification.

FIGURE 3 | Aortic and Mitral valves calcification. MVC, Mitral valve
calcification; AVC, Aortic valve calcification.

due to the different method used for measurement of VC in a
different site in the latter study (33).

In the same context, distribution of patients with CVC
according to CKD stages in our study revealed that its presence
increased with the progression of CKD (decrease in eGFR) to be
highest in stage S5HD. This finding was in concordance with the
results of Morena et al. who studied the prevalence of coronary
artery calcification in CKD patients. 54% of patients had VC,

among which 9.7% were at CKD stages 142, 38.9% at stage 3
and 51.4% at stages 4+5. The decline in eGFR was significantly
associated with an increase in presence VC (34).

In agreement with our findings, Kraus et al. (35) observed that
radiographic aortic calcifications did not correlate significantly
with dialysis duration, and prevalence of moderate/severe
calcification at the aortic valve and mitral valve did not differ
significantly by dialysis duration. Additionally, Jean et al. and
El Baz et al. (36, 37) reported that Kt/V values were non-
significantly different in VC patients from those without VC, and
not associated with the VC degree. In contrast to our results,
Rosa-Diez et al. (31) noted that dialysis therapy >36 months
was significant for Adragao calcification score univariate model.
Also, Toussaint et al. and El Baz et al. (29, 37) reported that
the presence and severity of abdominal aortic artery calcification
were related to the duration of dialysis. This contradiction with
our finding can be explained by the lower number of patients with
CVC and the non-significant difference of mean dialysis duration
between both groups in our study (mean dialysis duration for
group ITA = 5.6 and group IIB = 6.4 years).

In our study CRP was significantly higher in dialysis when
compared with non-dialysis groups, but there was no significant
difference on comparing calcification with non-calcification
groups. Caliskan et al. and Turkmen et al. (38, 39) agreed with
our result and found no correlation between high sensitive CRP
(hs-CRP) levels and VC. Besides, Toussaint et al. (29) reported
that there was no significant relationship between AACS and
CRP. On the contrary, Ishimura et al. (40) found that CRP was
significantly associated with the presence of VC in both aorta and
hand arteries. Also, El Baz et al. (37) found significantly high CRP
among patients with VC.

Hyperphosphatemia is considered a key determinant of
cardiovascular mortality and calcifications progression in CKD
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TABLE 3 | Comparison of the cardiovascular calcifications sites and scores between group 1A and 2A.

Groups Tests of significance
Calcification site 1AN =10 2AN =15 Test statistic P-value
Abdominal aortic calcification score N 8 (80%) 10 (66.6%) t =0.363 0.721
Min—Max 3-12 3-12
Mean 7.75 7.20
SD 3.41 3.01
Pelvis and hands calcification score N 5 (50%) 8 (53%) t=0.11 0.91
Min—Max 1-3 1-3
Mean 2.20 2.25
SD 0.84 0.71
Valvular (aortic & mitral) calcification Single valve N 2 4 X%hS = 0.006 0.93
% 33.3 50
Double valves N 4 4
% 66.7 50
X(ZJhS' Pearson’s Chi square test of association; t, independent samples T-test. Significant at P < 0.05.
TABLE 4 | Comparison of serum laboratory parameters in the studied groups.
Groups Tests of significance
1AN =10 1BN =35 2AN =15 2BN =30 Test statistic P-value
iPTH (pg/ml) Median 129.5 202 226 196 Ziw = 3.03 0.387
IQR 95-200 91-368 156-342 96.8-321
ALP (1U/dl) Mean 113.30 90.06 109.80 97.43 F=1.004 0.395
SD 35.13 24.24 33.84 33.04
Ca (mg/dl) Mean 8.13 8.41 8.20 8.32 F=0.346 0.792
SD 0.80 0.83 1.06 0.93
P (mg/dl) Mean 5.64 4.48 5.02 4.47 F Welch = 2.03 0.132
SD 1.56 1.40 1.57 0.91
Mg (mg/dl) Mean 1.75 1.91 1.77 1.88 F=0.999 0.398
SD 0.41 0.32 0.35 0.33
CRP (mg/L) Median 3 3 6 6 Ziw = 38.44 <0.001
IQR 3-6 3-4 4-24 4-24
Total cholesterol (mg/dl) Median 184.5 137 132 163 Ziw = 2.99 0.393
IQR 140-230 98-209 92-215 117-220
Triglycerides (mg/dl) Median 115 110 124 114 Ziw = 1.47 0.688
IQR 77-167 82-157 94-180 84-168
hs-cTnT (ng/L) Median 216 68.8 745 38.25 Ziw =25 <0.001
QR 170-467 32.3-121 59.4-227 23.2-72.6
OPG (ng/L) Median 6.85 0.51 7.64 0.60 Ziw = 39.24 <0.001
IQR 5.98-7.43 0.26-0.89 4.87-7.80 0.26-2.53

F, One way ANOVA test; Zoy Kruskall-wallis test; F Welch, Welch ANOVA test. Significant at P < 0.05. iPTH, intact parathyroid hormone; ALF, alkaline phosphatase; Ca, calcium; P,
phosphorus; Mg, magnesium,; CRF, C-reactive protein; hs-cTnT, high sensitivity cardiac troponin T; OPG, osteoprotegerin.

patients (41). In concordance with our results, Tomiyama
et al. (42) reported that higher levels of serum phosphorus
were associated with the presence of severe coronary artery
calcification (CAC; P = 0.013). Also, El Baz et al. (37) found
that patients with VC had higher serum phosphorus than those
without VC, and AACS had positive correlation with serum
phosphorus. On the contrary, Kazuhiro et al. and Rosa-Diez
et al. found that serum phosphorus was not associated with VC

(31, 43). Additionally, Russo et al. (44) demonstrated that serum
concentrations of phosphorus didn’t predict the appearance or
progression of CAC. This contrariety can be due to different
baseline levels of serum phosphorus and different sites studied
for CVC in the different studies.

Russo et al. (44) agreed with our results and demonstrated
that serum concentrations of calcium and iPTH didn’t predict the
appearance or progression of CAC. In addition, Toussaint et al.
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(45) reported that there were no significant associations between
VC and serum markers of mineral metabolism; including calcium
and iPTH, and serum lipids. Moreover, Rosa-Diez et al. (31)
found no associations between AACS and the levels of serum
calcium and iPTH. On the contrary, Moldovan et al. (46)
found that serum calcium, and PTH were significantly correlated
with VC.

Troponin levels have been shown to increase in a non-linear
manner as renal function deteriorates; making the interpretation
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FIGURE 4 | Correlation between serum osteoprotegerin and hs-cTnT.

of elevated troponin levels in patients with CKD and suspected
myocardial injury more difficult (47). As regard application of
high sensitivity cardiac troponins in the assessment of myocardial
injury in CKD population, Twerenbold et al. compared the
diagnostic performance of the 0/1-h ESC algorithms of rapid
rule-in and rule-out in patients with and without renal
impairment using both hs-TnT and hs-Tnl. The authors noted
that the specificity was significantly lower (hs-TnT: 88.7% vs.
96.5%; hs-Tnl: 84.4% vs. 91.7%) with sensitivity remaining
relatively unchanged (hs-TnT: 100.0% vs. 99.2%; hs-Tnl: 98.6%
vs. 98.5%) in patients with and without renal dysfunction,
respectively (48).

In concordance with our findings, Jung et al. quantified the
level of coronary artery calcium by multirow spiral CT to obtain
a CAC score, and reported that severe CAC was detected in
45% of patient. ¢TnT was independently positively associated
with the degree of CAC severity (49). Furthermore, Kitagawa
et al. (50) demonstrated that serum hs-cTnT concentration was
associated with increased degree of CAC and obstructive CAD,
suggesting that serum hs-cTnT may therefore be a marker to
detect subclinical atherosclerosis. The average Agatston score was
higher in patients with serum hs-cTnT concentration >14 ng/L
than those with serum hs-cTnT concentration of <14 ng/L (P
=0.002).

The elucidation of the OPG/RANKL/RANK system has vastly
increased our understanding of the mechanisms underlying the
bone remodeling process. This system plays a central role in
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the pathophysiological mechanisms underlying bone remodeling
disorders and CVD (51).

Recently, Marques et al. evaluated the predictive role of OPG
for all-cause and cardiovascular mortality in patients with CKD
stages 3-5 over a 5-year follow-up period. The cutoff value for
OPG determined using ROC was 10 pmol/L for general causes
mortality and 10.08 pmol/L for CV causes mortality. Patients
with higher serum OPG levels presented with higher mortality
rates compared to patients with lower levels, and in multivariate
analysis, OPG was a marker of general and cardiovascular
mortality independent of sex, age, CVD, diabetes, and CRP
levels (52).

In agreement with our results, Nitta et al. found that serum
OPG level was significantly greater in patients with higher
aortic calcification index (ACI) than in those with lower ACI.
There was a positive association between OPG and ACI (P <
0.0001). Multiple regression analyses indicated that serum OPG
levels were independently associated with the severity of aortic
calcification (P < 0.0001) (21). Additionally, Moe et al. (53)
noted that there was a positive association of coronary artery
calcification score with OPG levels (P = 0.045).

Furthermore, Mikami et al. reported that CAC score was
positively correlated with OPG in a group of diabetic pre-dialysis
CKD patients. The ROC curve analysis for coronary artery
calcification score (CACS) >200 revealed that the sensitivity and
specificity of OPG were 79.4 and 66.7%, respectively, when the
cut-off value was set at 1.207 ng/ml (54). In addition, Morena
et al. demonstrated that the presence of CAC was significantly
associated with high OPG levels. The cut-off value best predicting
CAC score was 757.7 pg/ml (sensitivity = 91.7%; specificity =
59.0%) (34). In a following study, Morena et al. (55) noted that
a high level of CAC was associated a high level of OPG, and
the risk for calcifications was significantly increased when OPG
>6.26 pmol/L.

In addition, El Baz et al. (37) reported that circulating OPG
was significantly higher among hemodialysis patients with VC
and was correlated positively with abdominal aortic and coronary
artery calcification scores, and Avila et al. (56) concluded
that OPG was the strongest risk factor associated with new
development and rapid progression of arterial calcification in
incident PD patients.

Interestingly, as regards the effect of renal transplantation
on VC and OPG, Bargnoux et al. prospectively assessed the
evolution of coronary artery calcification and OPG levels after
renal transplantation. They found that renal transplantation
was accompanied by mineral metabolism improvement with
a decrease of OPG mean from 955 to 527 pg/ml. They also
reported that baseline OPG level was significantly associated with
baseline CAC, but not with CAC progression after 1 year of renal
transplantation (57).

Morena et al. agreed with our result and noted that high OPG
levels were associated with hs-CRP. While, they disagreed by
reporting that increased age, decreased eGFR, calcium, iPTH, and
ALP were significantly associated with OPG, while no significant
association was found with phosphorus (55). Moreover, El Baz
et al. (37) agreed with our results and demonstrated positive
correlations between OPG and serum phosphorus and CRP.

In contradiction with our findings, they noted that OPG
correlated positively with the duration of hemodialysis, ALP
and PTH. But, Chonchol et al. (58) contradicted our result by
finding a positive weak correlation between OPG and both total
cholesterol and triglycerides. In addition, Azar et al. (59) reported
a significant relationship of OPG with age and calcium level while
PTH was not shown to be significant.

In agreement with our results, Ford et al. reported a significant
association between higher plasma OPG levels and hs-cTnT and
hs-CRP. OPG was independently associated with hs-cTnT in a
cohort of asymptomatic patients with CKD, suggesting a role
for a known mediator of bone and mineral metabolism in the
pathogenesis of myocardial dysfunction (60). Also, Nascimento
et al. (61) noted that OPG was positively associated with cardiac
troponin I, and concluded that elevated levels of serum OPG
might be associated with atherosclerosis and all-cause mortality
in patients with CKD.

Moreover, Shetelig et al. studied temporal profile of OPG
in 272 symptomatic STEMI patients treated with primary
percutaneous coronary intervention (PCI). Cardiac MRI was
performed in the acute phase and after 4 months. They concluded
that OPG was found to be associated with myocardial injury (62).

In the same context, Sigrist et al. investigated a total of 134
subjects [60 hemodialysis, 28 peritoneal dialysis (PD) and 46
CKD stage 4]. VC was measured using multi-slice spiral CT
of the superficial femoral artery. They reported that OPG >25
pmol/L was significant predictor of mortality (63). Additionally,
Omland et al. (64) studied the prognostic value of serum OPG in
patients with ACS, and concluded that OPG is strongly predictive
of long-term mortality and heart failure development in patients
with ACS, independent of conventional risk markers. This was
supported by Scialla et al. (17) who stated that higher OPG was
associated with higher mortality over up to 13 years of follow-up
of 602 chronic HD patients.

Noteworthy, higher levels of OPG have been reported in
patients with vascular damage, suggesting that an increase
in OPG level may represent a compensatory self-defensive
mechanism against factors that promote VC, atherosclerosis and
other forms of vascular damage (65).

Limitations of the current study include that the association
among OPG, cardiovascular calcification and hs-cTnT in the
present study does not suggest the causal relationship, due to its
cross-sectional design. Study design as single baseline laboratory
values may lessen the strength of some of the significant
predictors of cardiovascular calcification especially those that
vary widely day-to-day. Treatment effect on cardiovascular
calcification was not assessed. In addition, the number of
included patients is quite low.

CONCLUSIONS

Chronic kidney disease is associated with fatal cardiovascular
consequences in part due to ectopic calcification of soft
tissues particularly arteries and cardiac valves. In addition to,
occurrence of silent myocardial injury that can be diagnosed
by elevated hs-cTnT level on serial follow up. A positive
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association of OPG with CVC and hs-cTnT, and a positive
association between CVC and hs-cTnT were found in the
current study.

This suggests a role for a known mediator of mineral
and bone metabolism (OPG) in the pathogenesis and risk
stratification of cardiovascular calcification and myocardial
injury with a potential role as a therapeutic target. The
bone-vascular cross talk might open the possibility to
develop new methods for preventive and therapeutic
interventions to reduce both bone loss and cardiovascular
adverse outcomes.
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