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Background: The principal goal of this study was to determine the importance of high-sensitivity troponin T (hs-TnT)
and creatine kinase MB isoenzyme (CK-MB) in predicting cardiovascular events in asymptomatic end-stage renal
disease (ESRD) patients.

Methods: This study included 110 participants; 54 ESRD patients undergoing hemodialysis and 56 healthy control
participants. Biochemical parameters and cardiac markers were estimated. Comparative utilities were assessed
through logistic regression and receiver operating characteristic (ROC) analyses.

Results: We found that 96.3% of ESRD patients had an elevated level of hs-TnT (mean, 0.049 + 0.0324 ng/
L) compared to healthy participants. Among patients with ESRD, hs-TnT showed significant correlations with the
low-density lipoprotein cholesterol/high-density lipoprotein cholesterol (HDL-C) (P = 0.042, r = 0.278) and total
cholesterol/HDL-C (P = 0.044, r = 0.276) ratios. CK-MB (odds ratio [OR], 1.138; P= 0.04) and hs-TnT (OR, 2.153; P =
0.017) predicted cardiovascular events on logistic regression analysis, and the prediction was improved by the model
that combined two cardiac markers. The diagnostic performance of hs-TnT and CK-MB alone and the combination
of the two biomarkers was assessed by the area under the ROC curve (AUC). The highest AUC was produced by the
combination of hs-TnT and CK-MB markers (0.920) compared to hs-TnT or CK-MB alone.

Conclusion: In asymptomatic patients with ESRD, hs-TnT appeared to be an important predictor for cardiovascular
mortality, and its diagnostic accuracy improved with CK-MB. This study provides new insights into the predictive value
of multiple biomarkers for identifying cardiovascular events in ESRD patients on hemodialysis.
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In the United States, the incidence of end-stage renal
disease (ESRD) is expected to increase by 29% to a preva-
lence of 47% by the end of 2020 [1]. Patients with ESRD
have a considerably higher rate of cardiovascular disease
(CVD) than the general population [2]. More than half
of those with ESRD who are treated with chronic hemo-
dialysis die from CVDs [3]. Paraskevas et al [4] reported
that, in ESRD patients on hemodialysis, the mortality
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rate from CVD is about 20 times higher than that of age-
matched individuals in the general population. This high
cardiovascular burden supports the need for optimal car-
diovascular risk-management in ESRD patients. In a very
recent study, Collins and co-workers found that CVD is
the largest cause of death, accounting for approximately
40% of the mortality of ESRD patients [5]. This excess
cardiovascular morbidity and mortality of patients with
ESRD could be contributed to many pathological pro-
cesses, which might be associated with specific changes
in the levels of ‘cardiac biomarkers’ [6]. Therefore, the
identification of possible CVD risk factors associated with
ESRD has become an important focus area for research-
ers.

Hence, a novel strategy for management of CVD in pa-
tients with ESRD on hemodialysis is the use of biochemi-
cal markers to facilitate early detection of cardiovascular
abnormalities to allow better or effective therapy to be
implemented. Troponin T and creatine kinase MB isoen-
zyme (CK-MB) are among the best studied of these CVD
markers. However, controversy remains regarding the
superiority of such results and the subsequent clinical
application of these biomarkers, particularly when they
are abnormal in patients with ESRD.

Although several studies have estimated a positive as-
sociation of cardiac troponin T, CK-MB, and ESRD, there
has been considerable reluctance to use the 99th percen-
tile of the upper reference limit (URL) value. Many stud-
ies have not reported which generation of assay was used
or the details of its cutoff point, including the manufac-
turer-reported 99th percentile threshold. As a result, the
interpretation of increases in these values in hemodialy-
sis patients with asymptomatic CVD is not reliable. In this
context, the aim of this case-control study was to explore
the prognostic value of high-sensitivity troponin T (hs-
TnT) and CK-MB in the early detection of asymptomatic
CVD in ESRD patients on maintenance hemodialysis,
taking into account the 99th percentile URL values. Data
that compare the association of both cardiac-specific bio-
markers with each other and/or with CVD risks in ESRD
are limited. Therefore, the present study also aimed to
investigate whether both cardiac biomarkers are compa-
rable in their ability to predict CVD risks using genera-
tions of the assays with sufficient sensitivity and specific-
ity to detect the “abnormal” concentrations in clinically
asymptomatic ESRD patients on hemodialysis and other

patient populations.

Methods
Study participants

The current case-control study was conducted between
November 2015 and November 2016, in 60 patients with
ESRD undergoing hemodialysis in the Kidney Dialysis
Center at AL-Thawra General Hospital in Ibb province
of Yemen. The inclusion criteria for patients were as fol-
lows: patients with ESRD of both genders, aged 20 to 60
years, on regular hemodialysis for more than five months,
and never received a renal transplant. Patients with clini-
cal signs of heart failure, known muscle disease, liver
disease, a functioning kidney transplant, severe anemia,
malignancy, active inflammation, or those patients who
performed resistance exercise training or were smokers
were excluded from the study. The data were collected
via direct interviews with patients during dialysis.

For comparison, 60 apparently healthy individuals who
volunteer as blood donors at the Blood Bank Department
(AL-Thawra General Hospital, Ibb province, Yemen) were
recruited as controls. None of the healthy individuals de-
veloped any major illnesses during the study, had a his-
tory of renal disease, or were on any medication. Healthy
participants were matched to the ESRD patients for
gender and age and had to meet the exclusion criteria.
Each participant included in the study agreed to attend
the interview and complete a questionnaire. Patients and
healthy individuals were given a full explanation about
the purpose of the study and assured that their informa-
tion would remain confidential during the study period
and afterward. Blood pressure was measured by trained
personnel according to the recommendations of the
American Heart Association [7]. Hypertension is defined
as systolic blood pressure > 140 mmHg, diastolic blood
pressure > 90 mmHg, or current use of antihypertensive
drugs in accordance with the Seventh Report of the Joint
National Committee on Prevention, Detection, Evalua-
tion, and Treatment of High Blood Pressure [8].

Anthropometric measurements included height to the
nearest centimeter without shoes and weight to the near-
est 0.1 kg in light clothing. Body mass index (BMI) was
calculated by dividing weight (in kilograms) by height (in
meters squared). BMI was classified into two categories
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according to the National Kidney Foundation’s cutoff
points (< 23.8 and > 23.8 kg/m?) [9]. An abnormal lipid
profile was defined according to the Third Report of the
National Cholesterol Education Program Adult Treatment
Panel III (NCEP ATP III) [10]. Dyslipidemia was classified
as the presence of any of the following: total cholesterol
(TC) = 200 mg/dL, low-density lipoprotein cholesterol
(LDL-C) 2160 mg/dL, high-density lipoprotein (HDL)-
cholesterol < 40 mg/dL, triglycerides (TGs) = 200 mg/
dL, or the use of a statin drug. Blood samples were col-
lected from all patients (prior to the dialysis session) and
healthy controls from the antecubital vein between 6:00
AM and 8:00 AM, with the participants in a supine posi-
tion after fasting for 12 hours. All participants provided
informed consent, and the institution’s ethics commit-
tee approved the study (IBBU-02-2016). Investigations
were performed in accordance with the ethical standards
outlined in the 1975 Declaration of Helsinki, as revised in
1983.

Laboratory investigations

Serum creatinine, urea, glucose, TGs, TC, LDL-C, and
HDL-C were determined on a Roche/Hitachi Cobas c311
System auto-analyzer using the CREJ2, UREAL (Urea/
BUN), GLUC3, TRIGL, CHOL2, LDLC2 and HDLC3 kits,
respectively (Roche Diagnostics, Manheim, Germany).
Several approaches for direct measurement of HDL-
C in serum have been proposed, including the use of
magnetically responsive particles as polyanion-metal
combinations and the use of polyethylene glycol with
anti-apoprotein B and anti-apoprotein CIII antibod-
ies. LDL-C was measured using a Cobas LDL-C assay kit
intended for direct determination of LDL-C concentra-
tion in human serum and plasma using a homogeneous
enzymatic colorimetric method. This automated method
takes advantage of the selective micellary solubilization
of LDL-C by a nonionic detergent and interaction of a
sugar compound and lipoprotein (very low-density lipro-
proteins and chylomicrons). The combination of a sugar
compound with a detergent enables the selective deter-
mination of LDL-C in serum.

Creatine kinase MB isoenzyme assay

CK-MB was analyzed on a Cobas Integra c311 system

360 www.krcp-ksn.org

using the Roche Method according to the recommenda-
tions of the International Federation of Clinical Chemis-
try (IFCC), the Societe” Franc,aise de Biologie Clinique
(SFBC), the Committee on Enzymes of the Scandinavian
Society for Clinical Chemistry and Clinical Physiology
(SCE), and the German Society for Clinical Chemis-
try (DGKC) using the immunoinhibition method. This
method requires anti-CK-M antibody, which inhibits
the M subunit of CK-MB and CK-MM; eventually, the
enzymatic activity of CK-B was determined with a stan-
dardized method for the determination of CK using a
reverse reaction and activation by N-acetylcysteine. The
activated CK catalyzes the dephosphorylation of creatine
phosphate to form creatine and adenosine triphosphate
(ATP). The produced ATP was used to phosphorylate
glucose to form D-glucose-6-phosphate (G6P). Then,
G6P was oxidized by glucose-6-phosphate dehydroge-
nase (G6PDH) in the presence of nicotinamide adenine
dinucleotide phosphate (NADP") to form 6-phosphoglu-
conate and NADPH. The rate of NADPH formation is di-
rectly proportional to the activity of catalytic CK-MB and
is determined by measuring the increase in absorbance
at 340 nm. For healthy people, the reference range is < 25
U/L according to Klein et al [11]; therefore, a value of > 25
U/L indicates abnormality.

High-sensitivity cardiac troponin T assay

Serum cardiac troponin T concentration was measured
using fifth-generation hs-TnT reagents on the Elecsys
2010/cobas e411 and Modular” Analytics E170 immuno-
analyzers (Roche Diagnostics) by electrochemilumines-
cence immunoassay (ECLIA) using a ruthenium complex
(Tris(bipyridyl)-ruthenium(II)-complex) as an antibody
label. According to the package insert, this highly sensitive
assay has a limit of detection of 0.003 ug/L, a 99th percen-
tile URL of 0.014 ng/L, and a 10% coefficient of variation at
0.013 ug/L. In keeping with recent studies, a value of 0.016
ng/L or higher was considered elevated; associated with
cardiac structure and impaired function; and predictive
of heart failure, cardiovascular death, and all-cause mor-
tality [12,13]. The assay procedure is similar to that of the
fourth-generation assay. The sample, biotinylated cap-
ture antibody (2.5 ug/mL), and ruthenium-labeled detec-
tion antibody (2.5 ug/mL) are incubated for 4.5 minutes
in the homogeneous phase (Elecsys 2010/cobas e 411;
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STAT application). Streptavidin-coated beads are added
to the the reaction mixture, followed by incubation for
another 4.5-minutes to facilitate binding of the formed
immune complexes to the microparticles. Then, the reac-
tion mixture is transferred into the measuring cell, where
beads are attracted to the electrode’s surface by a mag-
net. To remove the unbound label, the measuring cells
are washed and filled with tris-propylamine contained
in a detection buffer. Voltage is applied to the electrode,
and the emitted chemiluminescence light is detected by
a photomultiplier. Results are calculated via a two-point
calibration curve that is instrument specific.

Statistical analysis

Statistical analysis was performed using independent
sample test for parametric variables and chi-square test
for categorical variables. Quantitative baseline charac-
teristics are presented as mean + standard deviation.
Frequencies and proportions were generated for cat-
egorical variables. A nonparametric approach was used
to calculate the URLs (99th percentiles). We performed
a univariate analysis to determine the associations be-
tween cardiovascular risk factors and levels of the car-
diac biomarkers CK-MB and hs-TnT. Logistic regression
analysis was executed using the forward Wald selection
procedure. Three binary logistic regression models were
conducted to test the prognostic value of CK-MB and hs-
TnT biomarkers for prediction of cardiovascular risks in
hemodialysis patients. Receiver operating characteristic
(ROC) analysis was used to assess the prognostic accura-
cy and performance of cardiac biomarkers in terms of the
area under the curve (AUC). The predicted probabilities
determined by the logistic regression models were used

Table 1. Demographic parameters of hemodialysis patients
and healthy controls

- Hemodialysis ~ Healthy control

Characteristic patients (n i 54) n 15 6) P value

Age (yr) 4365+13.79 43.30+11.04 0.886

Sex, male/female 21/33 21/35 0.881
Blood pressure (mmHg)

Systolic 14426 £21.24 115.75+14.80 <0.001

Diastolic 85.83+1148 72681863 <0.001

Body mass index (kg/m®) 20.64 + 3.24 24.79+3.39 <0.001

Values are presented as mean + standard deviation or number only.
Significantly different between the two groups if P < 0.05.

to generate an ROC curve. All tests were two-sided with
statistical significance set at P < 0.05. Data were analyzed
using the Statistical Package for Social Sciences, version
16.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results
Demographic characteristics of the study population

Out of the 120 selected participants, 110 adults who
met the inclusion criteria and completed the question-
naire were included in the present study. Among the
110 study participants, 54 were ESRD patients randomly
selected from adults receiving in-center hemodialysis
in the Kidney Dialysis Center at Al-Thawra Hospital in
Ibb, Yemen. The other 56 participants were selected as
healthy controls from the Blood Bank Department at Al-
Thawra Hospital. The demographic parameters of the
two study groups are shown in Table 1. No significant
difference was found between the hemodialysis patients
and healthy controls regarding age (P = 0.886) and gender
(P = 0.881). Systolic blood pressure (P < 0.001) and dia-
stolic blood pressure (P < 0.001) values were significantly
higher, whereas BMI (P < 0.001) was significantly lower
in the hemodialysis patients compared with the healthy
controls.

Table 2. Comparison of clinical parameters between hemodi-
alysis patients and healthy controls

Parameter Hemodialysis Healthy control Pvalue
patients (n = 54) (n=56)

Glucose (mg/dL) 60.75+18.14 99.36+61.35 <0.001
Urea (mg/dL) 109.33+63.31 18.83+14.50 <0.001
Creatinine (mg/dL) 6.98 +2.84 0.50+0.23 <0.001
TG (mg/dL) 91.16 +50.13  87.90 + 61.86 0.774
TC (mg/dL) 1452 £+52.14 112.92 +52.19 0.002
LDL-C (mg/dL) 95.98 + 45.52 74.17 + 35.05 0.006
HDL-C (mg/dL) 19.46 +10.44  37.24+1221 <0.001
LDL-C/HDL-C 5.94 + 4.06 219 +1.30 <0.001
TC/HDL-C 9.25 +6.81 3.30 +1.89 <0.001
CK-MB (U/L) 10.21+7.33 7.57 +4.87 0.029
hs-TnT (ug/L) 0.05 £ 0.03 0.00 £ 0.01 <0.001

Values are presented as mean + standard deviation.

CK-MB, creatine kinase-MB isoenzyme; HDL-C, high-density lipoprotein choles-
terol; hs-TnT, high-sensitivity troponin T, LDL-C, low-density lipoprotein choles-
terol; TC, total cholesterol; TG, triglycerides.

Significantly different between the two groups if P < 0.05.
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Clinical characteristics of the study populations

The clinical characteristics of the hemodialysis patients
and healthy controls are summarized in Table 2. Mean
glucose, urea and creatinine levels were significantly
higher in the hemodialysis patients than in healthy indi-
viduals (P < 0.001). Most lipids showed significant eleva-
tion in hemodialysis patients compared to healthy con-
trols except for HDL-C, which had a significant decrease.
LDL-C and TC were elevated significantly in hemodialy-
sis patients compared to healthy controls (95.98 + 45.52
and 145.2 + 52.14 mg/dL vs. 74.17 £ 35.05 and 112.92 +
52.19 mg/dL respectively, P < 0.01). LDL-C/HDL-C and
TC/HDL-C The ratios also showed a significant elevation in
hemodialysis patients compared to healthy controls (5.94 +
4.059 and 9.25 + 6.81 vs. 2.19 £ 1.30 and 3.30 £1.89, P <
0.001); however, a significant decrease was recorded for
HDL-C (19.46 + 10.44 vs. 37.24 + 12.21 mg/dL, P < 0.001).
The CK-MB and hs-TnT values were higher in hemodi-
alysis patients than in healthy controls, and the differ-
ence reached statistical significance (P < 0.05). There was
no difference in TG levels (P = 0.774) between the study
groups.

Table 3. Distribution of the study groups by the cutoff point for
high cardiovascular risk

Hemodialysis  Healthy
Parameter patients control P value

(n=54) (n=56)

Hypertension 52 (96.3) 5(8.9) 84.05 <0.0001

Dyslipidemia 50 (92.6) 31(55.4) 2214 <0.001
SBP, > 140 mmHg 38(70.4) 6(10.7) 40.77 <0.001
DBP, > 90 mmHg 30 (55.6) 2(3.6) 36.01 <0.001
TG, > 200 mg/dL 6(11.1) 6 (10.7) 0.004  0.947
TC, > 240 mg/dL 1(1.9) 2(3.6) 0.306  0.580
HDL-C, < 40 mg/dL 50 (92.6) 31(55.4) 19.63 <0.001
LDLC, > 160 mg/dL 1(1.9) 1(1.8) 0.001 0.979
LDL-C/HDLC, > 4 49 (90.7) 16 (28.6) 4395 <0.001
TC/HDL-C, > 6 44 (81.5) 13(23.2) 3738 <0.001
CK-MB, > 25 U/L 3(5.6) 2(3.6) 0.249 0.617
hs-TnT, > 0.016 ng/L 52 (96.3) 0(0) 102.3 <0.001

Values are presented as number (%).

CK-MB, creatine kinase-MB isoenzyme; DBP, diastolic blood pressure; HDL-C,
high-density lipoprotein cholesterol; hs-TnT, high-sensitivity troponin T; LDL-C, low-
density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol;
TG, triglycerides.
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Frequency of the study population by cardiac markers
levels

We categorized the study participants by the risk fac-
tors commonly used in clinical practice for CVD predic-
tion. The frequency of higher values of parameters that
lead to increased risk of CVD among the study groups
is shown in Table 3. Hypertension was more common
in hemodialysis patients than in healthy controls based
on the cutoff points of systolic and diastolic blood pres-
sure, with percentages of 70.4% vs. 10.7% and 55.6% vs.
3.6%, respectively, P < 0.001. The results also showed that
90.7% and 81.5% of the hemodialysis patients had high-
risk LDL-C/HDL-C and TC/HDL-C ratios, respectively,
and were significantly higher than these seen in healthy
controls (P < 0.001). However, high values of hs-TnT were
exclusively seen in hemodialysis patients, at a high per-
centage (96.3%). Abnormal TC, LDL-C, and CK-MB val-
ues were limited in both groups (P > 0.05).

Correlations of hs-TnT and CK-MB with other parameters
in ESRD patients

Univariate associations using CK-MB and hs-TnT as
the dependent variables are shown in Table 4 and Fig. 1.
Serum CK-MB was significantly and positively correlated
with LDL-C (r = 0.420, P=0.002), LDL-C/HDL-C (r = 0.431,
P =0.001), and TC/HDL-C (r = 0.615, P < 0.001). Serum
hs-TnT showed results generally comparable with CK-
MB, with a significant correlation with LDL-C (r = 0.317,
P = 0.02), LDL-C/HDL-C (r = 0.278, P = 0.042), and TC/

Table 4. Associations between CK-MB and hs-TnT as continu-
ous variables and cardiovascular risk factors in ESRD patients
on hemodialysis

Vatiable CK-MB hs-TnT
r P r P

BMI 0.056 0.68 0.05 0.719
HDL-C —0.344 0.011* —0.103 0.46
LDL-C 0.420 0.002* 0.317 0.02*
TC 0.174 0.208 0.069 0.622
LDL-C/HDL-C 0.431 0.001* 0.278 0.042*
TC/HDL-C 0.615 <0.001* 0.276 0.044%*

BMI, body mass index; CK-MB, creatine kinase-MB isoenzyme; DBP, diastolic
blood pressure; ESRD, end-stage renal disease; HDL:C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol.

r, Pearson’s correlation coefficient; *the difference is significant if P < 0.05.
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Figure 1. Scatterplot depicting the relationships between hs-TnT and CK-MB values with the LDL-C/HDL-C and TC/HDL-C ratios in

all hemodialysis patients.

hs-TnT, high-sensitivity cardiac troponin T; CK-MB, creatine kinase MB isoenzyme; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-

density lipoprotein cholesterol; TC, total cholesterol.

HDL-C (r = 0.27, P = 0.044). CK-MB plasma level was
negatively correlated with HDL-C (r = —0.344, P = 0.011),
while hs-TnT level did not show significant association
with HDL-C in Pearson’s correlation (P = 0.46). Neither
CK-MB nor hs-TnT value was correlated with BMI and TC
levels.

Associations of CK-MB and hs-TnT with CV risk factors in
ESRD patients

A logistic regression analysis was conducted based on
the presence or absence of hypertension as a major risk
factor for CVDs. The risk factors, which had a significant
association with hs-TnT and CK-MB in the univariate
analysis (HDL-C, LDL-C, LDL-C/HDL-C, TC/HDL-C), as
well as CK-MB and hs-TnT, were used as the independent

variables. Three models were included in the logistic re-
gression analysis as shown in Table 5. Overall, 74.1% of
the patients were predicted correctly by the first model
(Model 1) containing CVD risk factors and hs-TnT, and
68.5% of the patients were correctly classified by the sec-
ond model (Model 2) in which CK-MB replaced hs-TnT.
However, 90.7% of the patients were predicted correctly
by Model 3 containing CVD risk factors and both hs-TnT
and CK-MB. After examining the results of Model 3, only
hs-TnT (odds ratio [OR], 2.153; 95% confidence interval
[CI], 1.336—2.961; P = 0.017) and CK-MB (OR, 1.138; 95%
CI, 1.006—1.288; P = 0.04) were found to have significant
associations with CVD (Table 5). Sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) of hs-TnT and CK-MB are shown in Table
6. The addition of CK-MB to hs-TnT did improve the
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Table 5. Multivariate statistical models of the factors that pre-
dict cardiovascular risk in hemodialysis patients using logistic
regression analysis

B SE Wald OR 95% Cl P value
Model 1
Constant 0.652 1.349
HDL-C —0.031 0.051 0.369 0.970 0.878-1.071 0.544
LDL-C 0.029 0.018 2.490 1.029 0.993-1.067 0.115
LDL.C/HDLC 0.521 0.347 2.253 0.594 0.300-1.173 0.133
TC/HDL:C 0.103 0.078 1.740 1.108 0.951-1.291 0.187
hsTnT 2182 1907 5.134 5.822 1.525-2.222 0.023*
Model 2
Constant  —0.551 1.380
HDL-C —-0.012 0.052 0.057 0.893 0.988-1.093 0.812
LDL-C 0.004 0.016 0.074 1.004 0.973-1.036 0.785
LDL-C/HDLC 0.036 0.283 0.016 0.554 0.965-1.680 0.900
TC/HDL-C 0.017 0.064 0.073 0.866 0.983-1.115 0.787
CK-MB 0.118 0.058 4.182 1.005 1.125-1.259 0.041*
Model 3
Constant  —2.408 1.652
HDL-C —0.040 0.063 0.404 0.960 0.848-1.088 0.525
LDL-C 0.024 0.023 1.069 1.024 0.979-1.072 0.301
LDLC/HDLC 0.513 0.421 1483 0.599 0.262-1.367 0.223
TC/HDL-C 0.087 0.094 0.859 1.091 0.907-1.313 0.354
hsTnT 1974 1.073 5.661 2153 1.336-2.961 0.017*
CK-MB 0.129 0.063 4.216 1138 1.006-1.288 0.040*

B3, regression coefficient; Cl, confidence interval; CK-MB, creatine kinase-MB iso-
enzyme; HDL:C, high-density lipoprotein cholesterol; hs-TnT, high-sensitivity tro-
ponin T; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio; SE, standard
error; TC, total cholesterol.

*Significant difference.

specificity, PPV, or NPV of the prognostic test for predict-
ing cardiovascular events in our patients, with values of
86.7%, 94.7%, and 81.3%, respectively. ROC curves for hs-
TnT and CK-MB alone and the combination of the two
biomarkers provided the AUC, as depicted in Fig. 2. The
combination of hs-TnT and CK-MB resulted in the high-
est AUC (0.920) with a more convex shape compared to
hs-TnT or CK-MB alone.

Discussion

The 110 individuals included in our study represent
90.0% of all selected outpatients on hemodialysis and
93.3% of healthy participants during the data collection
period in the Ibb province of Yemen. With the exception
of TGs, the demographic and clinical data of the present
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Table 6. Test performance of cardiovascular event prediction
with CK-MB, hs-TnT, and hs-TnT + CK-MB

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
CK-MB 87.2 20.0 73.9 375
hs-TnT 92.3 26.7 76.6 57.1
hs-TnT + CK-MB 92.3 86.7 94.7 81.3

CK-MB, creatine kinase-MB isoenzyme; hs-TnT, high-sensitivity troponin T, NPV,
negative predictive value; PPV, positive predictive value.

>
=
:‘é
& 0.4
0.2 j —— AUC (CK-MB) = 0.778
---- AUC (hs-TnT) = 0.791
---------- AUC (hs-TnT + CK-MB) = 0.920
00 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Figure 2. The receiver-operating characteristic curve shows the
area under the curve (AUC) values for CK-MB, hs-TnT, and the
combination of hs-TnT and CK-MB.

hs-TnT, high-sensitivity cardiac troponin T, CK-MB, creatine kinase
MB isoenzyme.

study were significantly different between ESRD patients
and healthy controls. BMI results were significantly de-
creased in hemodialysis patients compared to healthy
controls, suggesting that patients with low BMI are at
high risk of morbidity. These findings are in line with
previous studies, which demonstrated that increased
BMI is associated with better survival, whereas low BMI
and weight loss are associated with increased mortality
(the so-called obesity paradox) [14,15]. Both cardiovas-
cular biomarkers (hs-TnT and CK-MB) were significantly
higher in hemodialysis patients than in healthy controls.
The participants were categorized into two cardiovascu-
lar risk groups based on the above thresholds of the car-
diovascular risk factors and referred to as high risk. Using
this simple clinical stratification, we found large differ-
ences in CV risk between the two groups, as revealed in
Table 3.

Hypertension was found in 96.3% of participants, which
is similar to the results found in the CHOICE study [16]
but higher than the 87.1% in the study by Ohsawa et al
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[17] in Japan and the 86% reported in a multicenter co-
hort in Spain [18]. The deposition of lipids in the kidney
can cause kidney damage in a manner analogous to lipid
deposition in the vascular wall in atherosclerosis devel-
opment [19]. The incidence of dyslipidemia was 92.6% in
our patients, which was higher than that reported by oth-
er studies, such as 50% in the study of Longenecker et al
[16]. Our mean HDL-C was 19.46 mg/dL, and HDL-C un-
der 40 mg/dL was more frequently observed in our study
(92.2%) than in others [16—18]. The cardiovas—cular risk
indices TC/HDL-C and LDL-C/HDL-C of the ESRD pa-
tients were significantly higher than those of the healthy
control group, which is in line with the study of Chijioke
et al [20]. The prevalence of increased TC/HDL-C (81.5%)
and LDL-C/HDL-C (90.7%) ratios in ESRD patients on
hemodialysis confirmed that these ratios were more spe-
cific and accurate indices for assessing cardiovascular
risk than considering only TC, TG, HDL-C, or LDL-C level
alone.

The present study aimed to explore the prognostic
usefulness of hs-TnT alone or in combination with the
CK-MB isoenzyme in the prediction of cardiovascular
risks in asymptomatic ESRD patients on hemodialysis.
Although CK-MB concentrations are higher in ESRD pa-
tients undergoing hemodialysis than in healthy people,
the frequency of elevated levels is limited and not dif-
ferent in the two groups. This conclusion is similar to
previous findings reported by Fredericks et al [21], who
showed that CK-MB is unaffected by uremia in humans.
In a study by Lal et al [22], 22 hemodialysis patients dem-
onstrated increased total CK values, which corresponded
to 42% of the group, while 6 of these 22 hemodialysis pa-
tients (27%) had elevated CK-MB isoenzyme greater than
5%. In contrast, hs-TnT was significantly higher in hemo-
dialysis patients than in healthy participants with a high
prevalence of positive values (96.3%) in ESRD patients on
maintenance hemodialysis. The data from our study are
consistent with other studies, which reported elevated
troponin levels in patients without acute coronary syn-
dromes and with normal CK-MB level [23,24].

There is emerging evidence that increased troponin T
concentration in asymptomatic patients with ESRD indi-
cates subclinical myocardial necrosis or injury. In their
study on long-term hemodialysis patients, deFilippi et al
[25] found that degree of troponin T elevation was signifi-
cantly correlated with extent and severity of angiographic

coronary artery disease. Our study is supported by other
studies showing the usefulness of hs-TnT in hemodialysis
populations. These studies have confirmed usual eleva-
tions of hs-TnT to be related to renal impairment [26,27].
Cardiac troponin T has been also shown to correlate with
degree of coronary artery calcification in asymptomatic
HD patients [28]. Overall, these findings suggest that
monitoring troponin T concentrations can help to refine
cardiovascular risk stratification in hemodialysis patients.

Univariate correlation analysis shows that both hs-TnT
and CK-MB concentrations correlate positively and sig-
nificantly with LDL-C, LDL-C/HDL-C, and TC/HDL-C,
with the strongest correlation seen between CK-MB and
TC/HDL-C (r = 0.615, P < 0.001). All cardiovascular risk
factors that show significant correlation with either hs-
TnT or CK-MB, listed in Table 3, are entered into stepwise
logistic regression models. The strongest model with the
highest Wald chi-square statistic (Wald = 5.661, P=0.017)
contains both biomarkers, CK-MB and hs-TnT. The ROC
curve, which is defined as a plot of test sensitivity versus
its 1-specificity, was used to describe and compare the
performance of these biomarkers.

The two-biomarker model has an AUC of 0.920 (P <
0.0001), which is greater than those of the single-bio-
chemical marker models. Furthermore, hs-TnT shows
high prognostic sensitivity (92.3%) and PPV (76.6%) com-
pared to those for CK-MB; 87.2% and 73.9%, respectively
(Table 6). Although the enzyme CK-MB is less specific
than hs-TnT, the specificity of combined hs-TnT and CK-
MB as biomarkers of myocardial injury among patients
with ESRD has been greatly enhanced. The single mark-
ers have an AUC of 0.791 and 0.778 for hs-TnT and CK-
MB, respectively. The analysis demonstrates that 1) hs-
TnT has superior discriminative ability for CVD against
CK-MB, 2) the predefined cut-off value of 0.016 pg/L
improves the diagnostic capacity and effectiveness of hs-
TnT to identify diseased subjects with excellent progno-
sis, and 3) the two biomarkers have comparable prognos-
tic accuracy and can provide a better discriminating tool
for CVD events. Troponin T seems to be a powerful prog-
nostic biomarker for detecting cardiac injury in ESRD
patients on hemodialysis [29—31]. Though troponins
are being increasingly used because of their advantages
over CK-MB, selective situations warrant CK-MB as the
preferred marker. For example, Quiroga et al [32] have
recently demonstrated that CK-MB is a good marker for
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stratifying cardiovascular risk in ESRD patients receiving
long-term hemodialysis.

In conclusion, hs-TnT appears to be an important pre-
dictor for cardiovascular mortalities in this population.
Although studies suggest that CK-MB has relatively low
sensitivity and specificity for identifying cardiovascular
events in hemodialysis patients, others found that CK-MB
is a good marker for risk stratification in hemodialysis
patients even in the normal range. No studies have eluci-
dated the role of CK-MB in the augmentation of the prog-
nostic potential and accuracy of hs-TnT in asymptomatic
dialysis recipients. Our data show the better prognostic
accuracy and improved predictive value of the combina-
tion of hs-TnT and CK-MB compared with hs-TnT alone.
These observations will provide new insights into the
predictive value of multiple biomarkers for identifying
ESRD patients on chronic hemodialysis at highest risk for
CV events.
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