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Streszczenie
Wstęp: Kluczowym problemem w stabilnej chorobie wieńcowej 
(coronary artery disease – CAD) pozostaje nieinwazyjna identy-
fikacja pacjentów z zaawansowaną wielonaczyniową chorobą 
wieńcową. Oznaczanie biomarkerów, które wykazują właści-
wości prozapalne (białko C-reaktywne – hsCRP) czy wskazują 
na niedokrwienie (wysokoczuła troponina T – hsTnT), może 
przyczynić się do poprawy stratyfikacji w tym zakresie.
Cel pracy: Identyfikacja zmiennych powiązanych z  występo-
waniem wielonaczyniowej CAD u mężczyzn ze stabilnym ob-
razem klinicznym.
Materiał i metody: Do badania włączono 92 mężczyzn (średni 
wiek 64,05 ± 9,42 roku) z  zachowaną funkcją skurczową le-
wej komory zakwalifikowanych do planowej koronarografii. 
Wykonano podstawowe badania laboratoryjne, w  tym ozna-
czenie stężeń biomarkerów: hsCRP i hsTnT. Chorych analizowa-
no w dwóch grupach: z chorobą wieńcową wielonaczyniową 
(2–3-naczyniową, n = 46) vs pacjenci bez zmian wielonaczynio-
wych w koronarografii (n = 46).
Wyniki: U  pacjentów z  wielonaczyniową chorobą wieńcową 
stwierdzono istotnie większe stężenia hsTnT (Med. 0,01 vs Med.  
0,007, p = 0,0021) oraz glukozy na czczo (Med. 6,0 vs Med. 
5,45, p = 0,0112). Na podstawie krzywych ROC wyznaczono 
punkty odcięcia dla hsTnT ≥ 0,0085 ng/ml i glukozy na czczo 
≥ 5,85 mmol/l. Analiza wieloczynnikowa wykazała, że ryzyko 
wystąpienia choroby wieńcowej wielonaczyniowej niezależnie 
zwiększała jedynie hsTnT w  stężeniach większych niż punkt 
odcięcia (OR 4,286; 95% CI: 1,79–10,263, p = 0,001).
Wnioski: U  mężczyzn ze stabilną chorobą wieńcową, zacho-
waną funkcją skurczową i niewysokim ryzykiem sercowo-na-
czyniowym określanym na podstawie wyjściowego stężenia 
hsCRP zwiększone stężenie hsTnT niezależnie wiąże się z ryzy-
kiem wystąpienia wielonaczyniowej choroby wieńcowej.
Słowa kluczowe: stabilna choroba wieńcowa, wysokoczuła 
troponina T.
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Abstract
Introduction: A key problem in stable coronary artery disease 
(CAD) is non-invasive identification of patients with severe 
multivessel CAD. Determination of biomarkers that have pro-in-
flammatory properties (C-reactive protein – hsCRP) and indicate 
heart muscle ischemia (high-sensitive troponin T – hsTnT) can 
contribute to the improvement of stratification in this regard.
The aim of the study was to identify factors associated with 
the presence of multivessel CAD in clinically stable men.
Material and methods: The study included 92 symptomatic 
men (mean age 64.05 ± 9.42 years) with preserved left ven-
tricular function, scheduled for elective coronary angiography. 
Patients were divided and analyzed in two groups: with multi-
vessel coronary artery disease (2-3-vessel disease, n = 46) vs. 
without multivessel coronary artery disease (n = 46). 
Results: Patients with multivessel CAD had significantly higher 
levels of hsTnT (0.01 vs. 0.007, p = 0.0021) and fasting glucose 
(6.0 vs. 5.45, p = 0.0112). Based on the drawn ROC curves, the 
cut-off points were determined for hsTnT ≥ 0.0085 ng/ml and 
fasting plasma glucose ≥ 5.85 mmol/l. From multivariate analy-
sis only hsTnT in concentration higher than the cut-off point 
enhanced the risk of multivessel CAD (OR 4.286, 95% CI: 1.79-
10.263, p = 0.001). 
Conclusions: In men with stable CAD, preserved systolic left 
ventricular function and non-high cardiovascular risk deter-
mined from the initial concentration of hsCRP, elevated level 
of hsTnT was independently associated with the risk of multi-
vessel coronary artery disease.
Key words: stable CAD, high-sensitive troponin T.
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Introduction
A key problem in stable coronary artery disease (CAD) is 

non-invasive identification of patients with multivessel CAD. 

Current guidelines for the management of stable angina 
emphasize the significant role of clinical assessment of the 
pre-test probability (PTP) of coronary artery disease, as the 
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main criterion in the selection of diagnostic strategies [1]. 
Although there are many non-invasive imaging and exercise 
tests to confirm coronary artery disease in symptomatic pa-
tients, there is still no simple screening test which could be 
helpful in identification of the severity of CAD and in avoid-
ing unnecessary diagnostic procedures [1, 2]. The best tool 
of noninvasive non-imaging identification of the severity of 
CAD seems to be biomarkers, which could be used as an 
aid in the clinical assessment of patients [3]. Determina-
tion of biomarkers that have pro-inflammatory properties  
(C-reactive protein – CRP) and indicate heart muscle is-
chemia (high-sensitive troponin T – hsTnT) can contribute 
to the improvement of risk stratification in this regard. 

Many of the guidelines emphasize the role of predictive 
determination of inflammatory biomarkers in CAD [4–7]. 
Well known as a coronary risk biomarker is high-sensitive 
CRP (hsCRP), which can indicate the reactions of the acute 
phase but also processes of chronic inflammation, such as 
atherosclerosis [8, 9]. It is obvious that CRP concentration 
has continuous associations with the risk of developing 
coronary heart disease, ischemic stroke or vascular mortal-
ity [10]. On the basis of analysis of the initial concentration 
of hsCRP a group of experts of the Centers for Disease Con-
trol and Prevention and the American Heart Association 
identified three groups of cardiovascular risk patients: low 
risk (hsCRP < 1.0 mg/l), moderate (hsCRP 1.0-3.0 mg/l) and 
high risk (hsCRP > 3.0 mg/l) [11].

Determination of troponin, which is an indicator of my-
ocardial ischemia, generally used in the diagnosis of acute 
coronary syndromes, may also contribute to the improve-
ment of stratification in stable CAD. It was recently dem-
onstrated that using a highly sensitive assay for TnT can 
reveal the presence of detectable levels in the population 
of patients with stable CAD [12, 13].

The aim of the study was to identify factors associated 
with the presence of multivessel CAD in clinically stable men.

Material and methods
The study comprised consecutive, symptomatic, stable 

and non-diabetic 92 men (mean age 64.05 ± 9.42 years), 
who had undergone elective coronary angiography and had 
preserved left ventricular systolic function. All patients had 
typical angina.

The inclusion criteria were: male sex, stable angina and 
established qualification for coronary angiography (PTP 
high or moderate with > 10% induced ischemia in non-in-
vasive tests). The hsCRP level ≥ 10 mg/l, impaired left ven-
tricular function, acute coronary syndrome and diabetes 
mellitus were exclusion criteria.

Thirty-five data sets were analyzed, including: data 
from medical history (age, body mass index, family his-
tory, smoking status, CCS class), twelve-lead ECG results 
(heart rate, elevated heart rate ≥ 70 bpm), basic laboratory 
tests results (serum lipid levels, cholesterol ratio LDL/HDL, 
creatinine, hsTnT, hsCRP, fasting glucose level), results of 
coronary angiography, results of echocardiography (stand-
ard M-mode, 2-dimensional and Doppler) and the presence 

of concomitant cardiovascular diseases (arterial hyperten-
sion, previous stroke and peripheral artery disease). 

Plasma concentration of cardiac hsTnT was quantita-
tively determined using the high-sensitivity assay (Roche 
Diagnostics) in a  Cobas e 411 immunoanalyzer based on 
electrochemiluminescence technology (Roche Diagnostics) 
with detection limit 0.003 ng/ml. 

Conventional coronary arteriography was performed 
using a radial or femoral approach. Stenosis ≥ 50% of the 
left main and > 75% of the major coronary arteries (left 
anterior descending artery, left circumflex artery and right 
coronary artery and their branches) were considered sig-
nificant and identified as 1-, 2- or 3-vessel disease. 

Patients were divided and analyzed related to the se-
verity of CAD: multivessel (2- and 3-vessel disease, n = 46) 
vs without multivessel CAD (1-vessel disease, 50-70% le-
sions or marginal changes, n = 46). 

The present study was in accordance with the Declara-
tion of Helsinki and was approved by the Bioethics Com-
mittee of Medical University of Lodz (RNN/163/10/KE).

Statistical analysis 
Statistical analyses were performed using STATISTICA 

PL software, version 9.0 and SPSS software, version 19. 
Continuous variables are presented as mean values and 
standard deviation (SD) or medians and interquartile range 
depending on normality of distribution. Nominal variables 
are presented as number of observations (N) and percent-
ages (%). 

To check normality, the Shapiro-Wilk test was used.
To study the relationship between qualitative variables 

the following tests were used: the χ2 test for independence 
or χ2 test with Yates’ correction, and where appropriate the 
χ2 test for trend.

Differences between two independent samples for con-
tinuous data were analyzed using Student’s t-test (since 
data distribution was normal) and the Mann-Whitney 
U test (in the absence of normal distribution). 

In the analysis two independent groups for quantitative 
variables that significantly affected the group membership, 
were drawn the ROC curves and determined the optimal 
cut-points that have been assigned the sensitivity, specific-
ity, positive and negative predictive value (PPV and NPV). 
It also provides odds ratios (OR) with 95% strength con-
fidence interval (95% CI). Similar measures are given for 
qualitative variables.

Variables significant in univariate analysis (significance 
level p < 0.10) were used for the construction of multivari-
ate stepwise logistic forward regression models for the 
identification of factors associated with multivessel coro-
nary artery disease.

The results were considered statistically significant at 
p < 0.05.

Results
The baseline characteristics of patients are presented in 

Table I. Most of the studied patients had arterial hyperten-
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sion (82.61%), more than half of the population had dys-
lipidemia (56.04%), 34.78% were obese, and 7.61% were 
current smokers. In respect of risk determined by hsCRP 
level, the studied population belonged to the non-high car-
diovascular risk group. 

The results of the main laboratory tests and ECG did not 
differentiate analyzed groups (Table II). There were also no 
differences in the burden of co-morbidities such as arte-
rial hypertension, dyslipidemia, diabetes mellitus, periph-
eral artery disease or current smoking between the studied 
groups (for all p > 0.05). 

Opposite to patients without multivessel CAD, those 
with multivessel coronary artery disease were in higher 
CCS class [Med. 2 (IQR 2-3) vs. Med. 3 (IQR 2-3), p = 0.017] 
and had significantly higher hsTnT and fasting glucose 
levels (Table II). Based on the drawn ROC curves, the op-
timal cut-off points for fasting glucose were ≥ 5.85 mmol/l 
(AUC 0.664 ± 0.061, 95% CI: 0.545-0.783, sensitivity 89.7%, 
specificity 54.8 %, PPV 64.8%, NPV 85.2%) and for hsTnT 
≥ 0.0085 ng/ml (AUC 0.685 ± 0.058, 95% CI: 0.573-0.798, 
sensitivity 68.2%, specificity 58.3%, PPV 60.0% and NPV 
66.7%) (Fig. 1). 

Multivariate stepwise logistic forward regression analy-
sis revealed that the risk of multivessel CAD was associated 
only with the hsTnT concentration. This variable indepen-
dently increased that risk more than 4-fold (OR 4.286, 95% 
CI: 1.79-10.263, p = 0.001).

Discussion
The main finding of our study was that in symptomatic 

men without high cardiovascular risk determined from the 
initial concentration of hsCRP, elevated level of hsTnT was 
independently associated with the risk of multivessel CAD. 
So far only a few publications have examined the relation-
ship between hsTnT level and severity of CAD. 

In 2011, Ndreppa et al. also revealed the association be-
tween hsTnT and severity of CAD based on results of coro-
nary angiography. In their study they examined whether 
this association is independent of conventional risk factors, 
and other biomarkers such as N-terminal pro-brain natriu-
retic peptide and C-reactive protein. Their study included 
1,316 patients (904 with coronary artery disease proven by 
coronary angiography and 412 with angina but without sig-
nificant changes in coronary artery disease in angiography) 
[14]. In the Ndreppa study there took part both male and 
female patients, at a mean age of respectively 63.3 (54.1-
70.1) and 68.5 (62.1-75.8). Similar to our population, all pa-
tients in their study had preserved left ventricular function, 
and most of them had arterial hypertension and non-high 
cardiovascular risk determined from the initial concentra-
tion of CRP and were of similar age. Opposite to our re-
sults, in the Ndreppa study patients with 3-vessel coro-
nary artery disease had significantly more often diabetes  
(p < 0.001), hypercholesterolemia (p < 0.001), smoking sta-
tus (p = 0.014), lower glomerular filtration rate (p < 0.001) 
and higher concentrations of N-terminal pro-brain natriu-
retic peptide (p < 0.001). 

In patients without significant coronary artery disease 
(< 25% coronary artery lumen obstruction) and in those 
with 1-, 2- and 3-vessel disease, the hsTnT levels increased 
with increasing severity of coronary artery disease (respec-
tively 0.005 μg/l vs. 0.006 μg/l vs. 0.008 μg/l vs. 0.010 μg/l, 
p < 0.001). They revealed that hsTnT was an independent 
predictor of CAD presence (OR 1.30, 95% CI: 1.07-1.59,  
p = 0.009), irrespective of traditional cardiovascular risk 
factors, NT-pro-BNP and CRP concentrations.

Similar to our results, researchers of the Ndreppa group 
confirmed that in symptomatic patients with stable CAD 
there is an association between hsTnT level and severity of 
angiographically proved CAD, independently of cardiovas-
cular risk factors, NT-pro-BNP and CRP [14].

In the next article, Laufer et al. investigated the relation-
ship between hsTnT and coronary atherosclerotic plaque 
burden in 615 patients, who were suspected of having CAD 
and were referred for cardiac computed tomographic angi-
ography (CCTA) [15]. The group studied by Laufer consisted 
of male and female patients at the mean age 57 ± 11 years. 
All patients were also at non-high cardiovascular risk deter-

Tab. I. �Characteristics of the studied population  

Age (years) 
64.05 ± 9.42 (43-84),  

Med. 63 (58-70)

Angina pectoris (CCS class)  

1 1 (1.18)

2 35 (41.18)

3 42 (49.41)

4 7 (8.24)

Positive family history 36 (39.13)

Previous MI 25 (27.17)

Previous PCI 20 (21.74)

Current smoking 7 (7.61)    

PAD 11 (11.96) 

BMI [kg/m2] 
28.73 ± 4.47 (19.82-42.61),  
Med. 28.37 (25.66-31.14)

Ejection fraction [%] 
61.68 ± 7.36 (46-79),  

Med. 61.0 (56-67)

Heart rate [bpm]
67.57 ± 0.36 (44-105),  

Med. 65.0 (60-75)

Heart rate ≥ 70 bpm 35 (38.46)

Creatinine [mmol/l]
0.83 ± 0.34 (0.50-3.1),  
Med. 0.74 (0.64-0.90)

hsCRP [mg/l] Med. 1.1 (0.6-2.4) 

hsTnT [ng/ml] 
0.013 ± 0.019 (0.001-0.120),  
Med. 0.008 (0.005-0.012)

Glucose [mmol/l]
6.26 ± 1.73 (4.2-12.6),  

Med. 5.7 (5.2-6.6)

Data are expressed as N (%), mean ± SD and range, median and interquartile 
range (IQR)
MI – myocardial infarction, PCI – percutaneous coronary intervention, BMI – 
body mass index, hsTnT – high-sensitivity troponin T, hsCRP – high-sensitivity 
C-reactive protein, PAD – peripheral artery disease
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Tab. II. �Patients’ characteristics related to coronary angiography results 

Parameters Patients with multivessel coronary artery 
disease (n = 46) 

 Patients without multivessel coronary 
artery disease (n = 46) 

P

Age [years] 65.52 ± 9.70 62.59 ± 9.0 0.1360

BMI [kg/m2] 28.10 ± 3.92 28.73 (21.97-42.6)* 0.3655

BPs [mmHg] 135.33 ± 16.98 130 (105-180)* 0.2621

BPd [mmHg] 80.0 (60-105)* 80.0 (65-100)* 0.2830

HA 41 (89.13) 35 (76.09) 0.1690

Dyslipidemia 28 (60.87) 23 (51.11) 0.3484

PAD 6 (13.04) 5 (10.87) 0.7478

Ejection fraction [%] 61.61 ± 7.48 61.76 ± 7.31 0.9248

Heart rate [bpm] 65 (53-105)* 68.09 ± 10.97 0.2638

Heart rate >70 bpm 15 (32.61) 20 (44.44) 0.2459

Total cholesterol level [mmol/l] 4.40 ± 1.03 4.25 (2.5-8.3)* 0.8661

 LDL-cholesterol [mmol/l] 2.1 (0.8-5.6)* 2.37 ± 1.09 0.5664

HDL-cholesterol [mmol/l] 1.36 ± 0.38 1.34 (0.62-2.47)* 0.4733

Triglycerides [mmol/l] 1.37 (0.36-5.35)* 1.24 (0.57-7.47)* 0.8222

LDL/HDL index 1.58 (0.56-4.67)* 1.67 (0.40-4.60)* 1.0000

Creatinine [µmol/l] 0.76 (0.54-1.88)* 0.73 (0.49-3.10)* 0.3426

Glucose [mmol/l] 6.0 (4.9-11.20)* 5.45 (4.20-12.60)* 0.0112

hsCRP [mg/l] 1.1 (0.1-9.3)* 1.10 (0.20-6.70)* 0.9191

hsTnT [ng/ml] 0.010 (0.001-0.120)* 0.007 (0.003-0.012)* 0.0021

Data are expressed as N (%), mean ± SD and range or median (Med) and interquartile range (IQR) in variables with nonnormal distribution (*)
BMI – body mass index, BPs – systolic blood pressure, BPd – diastolic blood pressure, HA – arterial hypertension, PlGF – placental growth factor, hsCRP – high-sen-
sitivity C-reactive protein, hsTnT – high-sensitivity troponin T, CAD – coronary artery disease, PAD – peripheral artery disease
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Fig. 1. �ROC curve for fasting glucose and hsTnT for presence of multivessel coronary artery disease
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mined by hsCRP. There were also no differences in diabetes 
or blood pressure values.

To assess coronary plaque burden 3 scoring systems 
were used: the CT plaque burden score, the Segment-
Based Score and the Plaque Involvement Score. There was 
also calculated the Agatston score – quantification of coro-
nary artery calcium using computed tomography. Based on 
the results of CCTA and CT plaque burden score, the form of 
coronary artery disease was classified as mild (50% lesion), 
moderate (50% to 70% lesion), severe (70% lesion), or 
multivessel CAD (multiple 70% lesions). The study showed 
the progressive increase (p < 0.01) of hsTnT level accord-
ing to the extent of CAD assessed as CT plaque burden 
score: mild (median 4.5 ng/l), moderate (median 5.5 ng/l), 
severe (median 5.7 ng/) and multivessel (median 8.6 ng/l) 
compared with patients without CAD (median 3.7 ng/l). 
The study revealed a  positive correlation between hsTnT 
concentrations and CT plaque burden score (r = 0.293,  
p < 0.001) or Agatston score (r = 0.353, p < 0.001). For the 
involvement score and the segment-based score, similar 
correlations were found. 

Similar to our results, Laufer and collaborators did not 
find an association between hsCRP level and extent of cor-
onary artery disease [15]. Opposite to Laufer, who assessed 
the extent of coronary artery disease using CCTA, in our 
study, the severity of coronary artery disease was evalu-
ated on the results of coronary angiography. Our study was 
performed on a  male population, in contrast to Ndreppa 
and Laufer, who examined both women and men, and their 
populations were more numerous. 

What is also important, depending on the used re-
agents and measurements, there exist differences in units 
of hsTnT. Currently they should be mostly reported in ng/l 
(as in the Laufer study) rather than pg/ml, ng/ml (which 
was used by Ndreppa and in our measurements) or µg/l. 

The results of the main laboratory tests and ECG did not 
differentiate analyzed groups (Table II). There were also no 
differences in the burden of co-morbidities such as arte-
rial hypertension, dyslipidemia, diabetes mellitus, periph-
eral artery disease or current smoking between the studied 
groups (for all p > 0.05). 

Compared to patients without multivessel CAD, those 
with multivessel coronary artery disease were in higher CCS 
class and had higher fasting glucose levels. Several stud-
ies have evaluated the impaired glucose metabolism in 
patients with CAD confirmed by coronary arteriography. In 
2001 Kowalska et al. reported a significant positive correla-
tion between disturbances of glucose metabolism (fasting 
and postload insulin concentrations) and the number of 
involved vessels in coronary angiography. In a population 
of 363 nondiabetic, consecutive male patients referred for 
coronary angiography, those with two- and three-vessel 
CAD had significantly more pronounced disturbances with 
glucose metabolism [16]. Opposite to our study, the fasting 
glucose levels did not differ between the studied groups 
for severity of CAD. In another study, Dong et al. assessed 
the relationship between fasting plasma glucose levels and 

the prevalence and severity of angiographic coronary artery 
disease, and they revealed that the prevalence of angio-
graphic CAD as well as the severity of CAD increased cor-
respondingly with the fasting plasma glucose level [17].

Our study also showed that there is no correlation be-
tween hsCRP level and the severity of CAD. There have been 
many works highlighting the role of CRP as a predictor of 
cardiovascular events in patients with stable coronary ar-
tery disease, but the role of the correlation between hsCRP 
and severity of coronary artery disease is still unclear [1].

Determination of the high-sensitivity troponin level 
seems to contribute to the improvement of stratification 
in stable CAD. There are many mechanisms responsible for 
releasing very low levels of cardiac troponin in patients suf-
fering for stable CAD. Among many processes, there are dis-
tinguished transient, clinically silent ischemic episodes and 
small-vessel occlusions, inflammatory processes or cardio-
myocyte apoptosis [18]. In times of ongoing discussions 
regarding which patients with stable CAD need invasive di-
agnostic tests, a simple determination of the concentration 
the hsTnT in the serum appears to be a very useful tool in 
risk stratification of severity of changes in coronary arteries 
and could help to avoid serious cardiovascular events. 

Despite many studies investigating the role of biomark-
ers in stable CAD, there still do not exist optimal non-inva-
sive methods for predicting the severity of CAD.

It is worth noting that, although there exist reports 
about the prognostic value of determination of hsCRP and 
hsTnT in patients with stable coronary artery disease, they 
have not enough independent prognostic value to be able 
to recommend the systematic determination of ambula-
tory care of patients with stable CAD [1].

Searching for new biomarkers reflecting the severity of 
coronary artery atherosclerosis used as an initial diagnos-
tic tool would be of vital importance in a  new approach 
for early identification of patients when it is necessary to 
consider the decision for implementation of invasive diag-
nostic tests.

Limitations 
The main limitation of the study was the small number 

of patients and absence of a control group. There is a need 
for further investigations in a larger population of patients. 
There is also a lack of prospective evaluation of occurrence 
of cardiovascular events. The visual assessment of lesions 
by coronary angiography did not include quantitative anal-
ysis and fractional flow reserve. The group of patients with-
out multivessel changes in coronary arteriography was very 
heterogeneous, being composed of patients with 1-vessel 
disease, 50-70% changes and marginal changes. However, 
the main objective of this study was the identification of 
patients with multivessel CAD. An important element would 
be a multimarker strategy in risk stratification of coronary 
artery disease severity. In our study we focused on identifi-
cation of factors routinely assayed at admission to the hos-
pital, and finding the association between them and the 
presence of multivessel CAD in clinically stable men. 
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Conclusions
In men with stable coronary artery disease with pre-

served systolic left ventricular function and non-high car-
diovascular risk determined from the initial concentration 
of hsCRP, elevated level of hsTnT was independently asso-
ciated with the risk of multivessel coronary artery disease. 
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