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ABSTRACT
OBJECTIVE: The structural and compositional changes in the myocardium seem to have a major role in the 
development of heart failure (HF).Imbalance between production and degradation in extracellular collagen re-
sults in increase of collagen synthesis biomarkers in the circulation as the carboxy-terminal propeptide of type 
I procollagen (PIP). Here we aimed to determine role of PIP in the diagnosis of chronic HF.
MATERIAL AND METHODS: 87 patients with HF group and 80 healthy subjects were enrolled into the study. 
Echocardiographic examination was performed.At the beginning of the study, serum B type natriuretic peptide 
(BNP), PIP, high sensitive C-reactive protein (hs-CRP) were measured . The subjects were followed for one 
year then after.
RESULTS:Average PIP value of HF group was signifi cantly higher than that of the control group (p < 0.001). 
Both hs-CRP and BNP values were well correlated to PIP values (p < 0.001). In the HF group, PIP value of 
patients who died at the end of one year was similar to that of patients who survived at the end of fi rst year.
CONCLUSION: PIP may not mirror acute events in follow-up of chronic heart failure but it is a very benefi cial 
biomarker in diagnosis of low-LVEF heart failure with high sensitivity and specifi city (Tab. 2, Fig. 1, Ref. 16). 
Text in PDF www.elis.sk.
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Introduction

The structural and compositional changes in cardiomyocyte 
and noncardiomyocyte compartments of the myocardium seem to 
have a major role in the development of heart failure (HF) due to 
cardiac diseases with different etiologies (1). Among these chang-
es, alterations in the amount and quality of the extracellular matrix 
components such as the collagen array, have been defi ned that lead 
in myocardial remodeling and fi nally impaired left ventricular 
(LV) function and promote the development of HF. A signifi cant 
amount of fi brillar collagen depositions, which results in fi brosis of 
interstitial and perivascular region, has been reported in the cardiac 
ventricles of patients with arterial hypertension (2, 3). Imbalance 
between the production and degradation in extracellular collagen 
results in increase of collagen synthesis biomarkers in the circula-
tion. One of these biomarkers is the carboxy-terminal propeptide 
of type I procollagen (PIP). It is secreted in a 1 : 1 ratio during the 
synthesis of type I collagen from procollagen type I (4). Serum PIP 
levels accurately mirror myocardial type I collagen synthesis (3). 
High level of serum PIP was found to be correlated with adverse 
consequences in hypertension and myocardial infarction (5, 6). The 
signifi cance of PIP in the management of congestive heart failure 

with low ejection fraction has not been studied thoroughly. Here, 
we aimed to determine the role of PIP in the diagnosis of chronic 
HF, its value in predicting mortality and morbidity due to HF and 
its relation with B-type natriuretic peptide and C-reactive protein.

Material and methods

Subjects
This prospective study was performed between September 

2012 and October 2013. Informed consent of each subject and ap-
proval of the local ethical committee were obtained accordingly. 
87 patients in the HF group with New York Heart Association 
functional class III or IV and 80 age- and gender-matched healthy 
subjects were enrolled into the study. The exclusion criteria were 
as follows: HF of hypertensive etiology, acute coronary syndrome 
within last six months, presence of renal failure (glomerular fi ltra-
tion rate < 60 ml/min), hepatic failure (elevated transaminase lev-
els three times more than the upper limit), presence of congenital 
heart disease, moderate or severe valvulopathy, moderate or se-
vere pericardial effusion, previous hypertrophic cardiomyopathy, 
moderate or severe pulmonary hypertension, chronic obstructive 
pulmonary disease, connective tissue disorders. There was no 
evidence of active infection, infl ammatory disease, cancer at the 
time of evaluation. Inclusion criteria for chronic HF group were 
a left ventricular EF of less than 40 % measured by echocardiog-
raphy. All patients were under a standardized optimal therapeutic 
medication. The etiology of chronic heart failure was idiopathic 
dilated cardiomyopathy in 65 patients (74.7 %) and ischemic heart 
disease in 22 (25.3 %). 
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The following data were also obtained: age, gender, height, 
weight, presence of cardiovascular risk factors. Cardiovascular 
risk factors were determined according to the following criteria: 
hypertension (>140/90 mmHg or treatment with medication within 
the last six months), diabetes mellitus (fasting plasma glucose 
≥126 mg/dl or current use of antihyperglycemic drugs), cigarette 
smoking (in the last 2 years). Duration from the time of diagnosis 
to time of the enrollment was recorded as disease duration. All the 
subjects included in the study were followed for one year. Within 
this time period, number of hospitalization longer than 24 hours 
due to exacerbation of chronic heart failure was defi ned as morbid-
ity while death due to cardiac etiology was defi ned as mortality.

Echocardiography and blood pressure measurement 
Standard echocardiographic examinations were performed by 

using an Acuson Sequoia C 256 echocardiography system (Acuson, 
Mountain View, CA, USA) with a 2.5-MHz transducer by the car-
diologist blinded to the clinical data of the subjects in accordance 
with rules set by the American Society of Echocardiography (7). 
For the simplicity of the analyses, data related to left ventricle EF 
and left atrial (LA) diameter were used. 

The blood pressure (BP) levels were measured from the right 
and left arms of the subjects in a sitting position by one trained 
observer blind to the study in the echocardiography laboratory. 
BP was measured twice in fi ve minutes interval. The average of 
the four BP measurements was used for analysis. 

Biochemical analyses
At the beginning of the study, peripheral venous blood samples 

of each subject were drawn and centrifuged within 5 min of sam-
pling at 3000 rev./min for 10 min at 4 °C. Native serum samples 
were then stored at –80 °C until use. Commercially available ra-
dioimmunoassay kits were used according to the manufacturer’s 
instructions for the determination of circulating levels of PIP (Pro-
collagen PICP RIA Kit, Orion Diagnostica, Turku, Finland). The 
intra-assay coeffi cient of variation for the measurement of PIP was 
3 %. B-type natriuretic peptide (BNP) value of each subject at the 
beginning was measured for all samples using sandwich immu-
noassays (Biosite Triage, San Diego, CA, USA) accordingly. The 
hs-CRP level was assayed using the immunoturbidimetric method 
(Spectra East Laboratories, Rockleigh, NJ, USA). Serum hs-CRP 
< 5 mg/L was considered the cutoff level in our laboratory.

Statistical analysis
The SPSS for Windows 18.0 package program was used for 

statistical analyses. Continuous variables were expressed as mean 
± SD while categorical variables were shown in frequencies (%). 
Normality of the variables was analysed by Kolmogorov–Smirnov 
test. Since all the variables were not distributed normally, the 
chi-square test was used to analyze categorical variables whereas 
Mann–Whitney U and Kruskal Wallis tests were used to analyze 
continuous variables. Spearman correlation analysis was used to 
establish the association between PIP and other continuous vari-
ables. A p value < 0.05 was considered to be statistically signifi -
cant. To fi nd diagnostic cut-off value of PIP for differentiation of 

patient with HF from subjects with normal LVEF, a receiver op-
erating characteristic (ROC) curve analysis was constructed, and 
the area under the curve (AUC) was reported, which is considered 
representative of the discriminitive ability of the variable cut-off. 
Sensitivity and specifi city values for the best cut-off variables 
were determined using ROC curve analysis. The cut-off levels of 
PIP were calculated using MedCalc 9.2.0.1 (MedCalc Software, 
Mariakerke, Belgium).

Results

167 subjects were enrolled into this prospective study. HF 
group with average age of 64 ± 9 years while the control group 
with average age of 62 ± 10 years. Age and gender distribution 
over the groups were statistically similar (p = 0.097 and 0.265 re-
spectively).Also height,weight and heart rate in the groups were 
statistically similar. 63 % of HF group (n = 55) and 49 % of the 
control group (n = 39) were overweight or obese (p = 0.060). 17 
% of subjects in HF group (n = 15) and 15 % of the control group 
(n = 12) had hypertension (p = 0.694). 

Clinical data of the subjects are shown in Table 1. Average 
disease duration was 31 ± 16 months in HF group. 82 % of the 
patients (n = 71) in HF group were hospitalized at least once during 
one-year follow-up due to aggrevation of heart failure. Mortality 
rate in HF group was 35 % for one-year follow-up. 

Echocardiographic and biochemical measurement results are 
shown in Table 2. 

Echocardiographically measured LVEF of HF and the control 
groups were 27 ± 3 % and 62 ± 3 %, respectively (p < 0.001). There 
was a strong correlation between LVEF and BNP (p < 0.001 and 

The control 
group (n=80)

HF group 
(n=87) p

Age (year) 62±10 64±9 p=0.097
Female/Male (%) 17/63 (21/79) 25/62 (29/71) p=0.265
DM (%) 29 (36) 31 (36) p=0.934
HT (%) 30 (38) 41 (47) p=0.209
Cigarette smoking (%) 31 (39) 42 (48) p=0.215
BMI (kg/m2) 25.2±3.4 26.0±3.8 p=0.171
SBP (mmHg) 124±14 121±15 p=0.181
DBP (mmHg) 73±11 73±12 p=0.533
Pulse Pressure (mmHg) 50±7 49±7 p=0.183
DM – Diabetes Mellitus, HT – Hypertension, BMI – Body Mass Index, SBP – Sys-
tolic Blood Pressure, DBP – Diastolic Blood Pressure

Tab. 1. Clinical data of the subjects.

The control 
group (n=80)

HF group 
(n=87) p

LVEF (%) 62±3 27±3 p=0.000
LA diameter (mm) 36±2 47±5 p=0.000
hs-CRP (mg/dl) 1.08±0.46 4.03±2.12 p=0.000
BNP (pg/ml) 80±40 2094±883 p=0.000
PIP (μg/L) 86±16 137±15 p=0.000
LVEF – Left Ventricle Ejection Fraction, LA – Left Atrium, hs-CRP – High Sensitive 
C-reactive Protein, BNP – B type natriuretic peptide, PIP – The Carboxy-terminal 
Propeptide of Type I Procollagen

Tab. 2. Echocardiographic and biochemical measurement results of 
the subjects.
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r = –0.828). Similarly, LA diameter of HF and the control groups 
were 36 ± 2 mm and 47 ± 5 mm respectively (p < 0.001) and LA 
diameter revealed signifi cant correlation with BNP values (p < 
0.001 and r = 0.781). Average BNP and hs-CRP values of HF 
group were signifi cantly higher compared to those of the control 
group (p < 0.001). Average PIP value of HF group was signifi cantly 
higher than that of the control group (p < 0.001) (Fig. 1). Both 
hs-CRP and BNP values were well correlated to PIP values (p < 
0.001 , r = 0.620 and 0.728 respectively). Among HF group, PIP 
value of patients who died at the end of one year was similar to 
that of patients survived at the end of fi rst year (p = 0.718). Simi-
larly, there was not a signifi cant correlation between the number 
of hospitalization and PIP values among patients in HF group (p 
= 0.713 r = –0.040). Patients with DM (n = 60) had similar PIP 
values compared to non-diabetics (n = 107) ( p = 0.579). Similarly, 
hypertensive patients (n = 27) didn’t differ from the patients with 
normotensive inviduals (n = 140) (p = 0.257). 

Optimal threshold cut-off point for PIP to differentiate sub-
jects with normal LVEF from patients with HF was calculated 
by ROC analysis. PIP value of 119 μg/L was found to be cut-off 
value with 86.2 % sensitivity and 98.8% spesifi city to detect HF 
(AUC: 0.984 with 95% CI: 0.951 to 0.997 and p value < 0.001). 
If PIP value of > 119 μg/L was accepted as abnormal, frequency 
of abnormal PIP in the control and HF groups were 5 % and 87 % 
respectively (p < 0.001). 

Discussion

Chronic heart failure is one of the leading causes of cardio-
vascular morbidity and mortality. Usually it appears as an end 
stage of cardiovascular diseases such as coronary artery disease, 
hypertension, or valvulopathies. Although echocardiography is one 
of the best tools for diagnosis and managment of heart failure, it 
may not be suffi cient enough to refl ect clinical status or reponse 
to medication. For these purposes, there are biomarkers intro-
duced to estimate clinical status such as BNP, the amino-terminal 
fragment of pro-B-type natriuretic peptide (NT-proBNP), and hs-
CRP. Herein, we aimed to search the role of PIP in diagnosis and 
follow-up of heart failure. 

Löfsjögård et al showed that increased collagen synthesis 
measured by PIP was independently correlated to decreased LVEF 
and increased BNP levels (8). But their study population included 
older patients with higher SBP and relatively higher LVEF with-
out control group for comparison. Our study included patients (n 
= 167) with average age of 63 ± 9 years and average SBP of 122 
± 15 mmHg. In our study, we also found that serum PIP level (n 
= 167) was well correlated to LVEF (r = –0.745, p < 0.001) and 
BNP levels (r = 0.728, p < 0.001). In the literature, there have been 
studies concerning PIP in different clinical states such as hyper-
tension, acute myocardial infarction, heart failure, and diabetics 
but they didn’t adress a cut-off value to differentiate heart failure 
with low ejection fraction from otherwise normal patients (8, 9). 
In our study, we performed ROC analysis to obtain cut-off value. 
PIP value of 119 μg/L was found to be cut-off value with 86.2 % 
sensitivity and 98.8 % spesifi city to detect HF with low ejection 
fraction (AUC:0.984 with 95% CI: 0.951 to 0.997 and p < 0.001). 
There are cut-off values for BNP to differentiate low-ejection-
fraction heart failure.PIP can improve diagnostic accuracy of BNP 
in these states since it refl ects structural myocardial involvement 
rather than pressure or volume changes.

BNP or NT-proBNP have been extensively studied in manag-
ment of heart failure both with normal and low ejection fraction 
(10, 11). They are found to increase proportionally with degree 
of heart failure. But clinical aspect of this fi nding is controversial 
since studies related to natriuretic peptide-guided versus symptom-
guided therapy showed confl icting results (12). Major reason for 
such result may be due to complex nature of heart failure in which 
medical response can not be explained by a simple molecule. In 
our study, we also found that average BNP value was signifi cantly 
higher in HF group compared to control group (2094 ± 883 pg/ml 
vs. 80 ± 40 pg/ml, p < 0.001). Also, BNP of patients with mortality 
at the end of one-year follow-up was signifi cantly higher than HF 
patients survived beyond one year (2564 ± 964 pg/ml vs. 1846 ± 
732 pg/ml p < 0.005). Similarly, among patients with HF, patients 
hospitalized at least once in a year (n = 71) had statistically higher 
BNP value than patients without any morbidity (n = 16) (2233 
± 889 pg/ml vs. 1477 ± 536 pg/ml, p < 0.005). Although strong 
correlation of BNP with mortality and morbidity was found, we 
couldn’t demonstrate similar type of relation with PIP. Among 
patients with HF, PIP did not show signifi cant relation with either 
mortality (p = 0.718) or morbidity (at least one time hospitaliza-
tion due to HF) (p = 0.352). These results are not contadicting the 
literature because BNP is predominately released from the left 
and the right cardiac ventricle in regards to volume and pressure 
overload (13). However, PIP level is directly related with level of 
myocardial fi brosis and it refl ects collagen turnover in the myo-
cardium. Thus, myocardial injury rather than volume or pressure 
overload is important in release of PIP into the circulation. Kop 
et al found that microinjury detected by Troponin T was well cor-
related with PIP in patients with HF (14). Our study population 
consisted of relatively stable patients in respect to myocardial fi -
brosis since we excluded acute coronary syndrome at the time of 
enrollement. Also we didn’t carry out serial measurements at the 
time of each hospitalization. Cerisano et al found that patients with 

Fig. 1. The comparison of groups in respect to the carboxy-terminal 
propeptide of type I procollagen.
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acute myocardial infarction revealed persistant increment of PIP 
from day 1 to month 6, refl ecting the healing process of injured 
myocardium (15). Thus, new surge in the stationary level of in-
creased PIP necessitates new cardiac events ending with fi brosis. 
As a result, our fi ndings concerning mortality and morbidity do 
not contradict the fi ndings in the literature. 

Increased hs-CRP was found to be well correlated to increased 
collagen turnover which is measured by PIP (16). In other words, 
cardiac fi brosis is an infl ammatory process and hs-CRP promotes 
structural remodelling of the heart (17). We also found that patients 
with HF had signifi cantly higher hs-CRP (p < 0.001). Additionally, 
PIP was increasing proportionally with hs-CRP levels among all 
subjects (p < 0.001, r = 0.620). 

In conclusion, heart failure with low LVEF is an end result of 
cardiac remodelling along with fi brosis which can be measured 
with PIP. Patients with HF had signifi cantly higher level of PIP 
compared to otherwise normal subjects. PIP is a molecule refl ect-
ing structural alterations in the heart. Thus, it may not mirror acute 
events in follow-up of chronic heart failure but it is very benefi -
cial biomarker in diagnosis of low-LVEF heart failure with high 
sensitivity and specifi city.
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