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Little is known about collagen metabolism in heart failu-
re, with or without left ventricular systolic dysfunction. We
studied serum concentrations of the carboxy-terminal pro-
peptide of procollagen type I (PIP), a marker of collagen
type-I synthesis, and of the carboxy-terminal telopeptide
of collagen type I (ICTP), a marker of collagen type-I de-
gradation, in 70 patients admitted for heart failure (35 with
depressed left ventricular systolic function and 35 with
preserved left ventricular systolic function) and in 30 con-
trol subjects. Patients with kidney failure, liver disease,
metabolic bone disease, rheumatic disease, recent (with-
in 3 months) major trauma or surgery, or serious wounds
were excluded. The concentration of the collagen synthe-
sis marker, PIP, was higher in heart failure patients than
control subjects, at 140±56.38 mg/L vs 113.66±36.6 µg/L,
respectively (P=.01). However, there was no difference in
the concentration of the collagen degradation marker,
ICTP, between heart failure patients and control subjects,
at 2.89±2.37 mg/L vs 2.26±1.7 µg/l, respectively. In heart
failure patients, left ventricular systolic function had no
significant effect on the PIP or ICTP concentration.

Key words: Fibrosis. Heart failure. Mechanisms. Myo-
cardium. Hypertrophy.

INTRODUCTION

Heart failure (HF) is a health problem of growing
importance in the Western world due to a high preva-
lence1 in association with longer life expectancies, as

well as to high mortality, comparable to that of
cancer.2 A high percentage of patients hospitalized for
HF present normal ventricular function,3 and therefore
a better understanding of the mechanisms implicated
in the onset and development of HF would allow opti-
mal therapeutic strategies to be developed in order to
control this 21st-century “epidemic.”1

Collagen synthesis and degradation in the healthy
heart is an ongoing balanced process4 that can become
altered under certain clinical situations, such as ven-
tricular hypertrophy of hypertensive origin5 or after
acute myocardial infarction.6 A close correlation has
been reported between the histological diagnosis of
hypertensive myocardial fibrosis in animals7 and hy-
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Síntesis de colágeno e insuficiencia cardíaca

Se desconoce el metabolismo del colágeno en la insufi-
ciencia cardíaca con y sin disfunción sistólica ventricular
izquierda. Estudiamos las concentraciones de los marca-
dores de síntesis de colágeno tipo I (péptido C-terminal
del procolágeno tipo I [PIP]) y de degradación (telopépti-
do del colágeno tipo I [CITP]) en un grupo de 70 pacien-
tes tras un ingreso por insuficiencia cardíaca (35 con fun-
ción ventricular izquierda deprimida y 35 con función
ventricular conservada), así como en 30 individuos sa-
nos. Excluimos a los pacientes con insuficiencia renal,
enfermedad hepática, enfermedad autoinmunitaria o del
metabolismo óseo, traumatismo mayor y cirugía reciente
(< 3 meses) y heridas extensas. Encontramos mayores
concentraciones del marcador de síntesis colágena (PIP)
en los pacientes con insuficiencia cardíaca respecto al
grupo control (140 ± 56,38 frente a 113,66 ± 36,6 µg/l; p
= 0,01), sin que se apreciaran diferencias en el marcador
de degradación (CITP) (2,89 ± 2,37 frente a 2,26 ± 1,7
µg/l). No observamos diferencias significativas entre los
valores medios de PIP y CITP en pacientes con insufi-
ciencia cardíaca con función sistólica conservada frente a
deprimida. 

Palabras clave: Fibrosis. Insuficiencia cardíaca. Meca-
nismos. Miocardio. Hipertrofia.



pertensive patients6 and noninvasive biochemical
markers of myocardial fibrosis,4 such as the C-termi-
nal peptide of procollagen type I (PIP) which origi-
nates in procollagen type I through a C-terminal en-
dopeptidase during conversion to collagen type I
(CITP), or the telopeptide of collagen type I (CITP)
which contains the C-terminal end originated by
degradation of collagen type I by a collagenase. Al-
though there are several types of collagen, collagen
type I is more abundant in myocardial fibrosis than
collagen type III.8 In addition, collagen type I is the
one most closely correlated with histological myocar-
dial fibrosis and which has normalization of its values
and histological fibrosis grade after various therapeutic
actions.9

The purpose of this study was to analyze the rela-
tionship between these collagen type I synthesis and
degradation markers (PIP and CITP) in a group of pa-
tients hospitalized for HF with and without left ven-
tricular systolic dysfunction compared to a control
group.

PATIENTS AND METHODS

We studied 70 patients admitted to our hospital bet-
ween September 2000 and April 2001 for HF, 35 with
depressed left ventricular systolic function (group A)
and 35 with preserved ventricular systolic function
(group B). Heart failure was diagnosed according to
the European Society of Cardiology criteria and based
on the presence of symptoms and signs of HF with ob-
jective evidence of some structural or functional
anomaly of the heart visualized on echocardiography.
We excluded patients with renal insufficiency (plasma
creatinine >2 mg/dL), liver, autoimmune, or bone me-
tabolism disease, major trauma or surgery in the recent
past (last 3 months), and extensive wounds. Thirty
subjects with no heart disease were used as a control
group. These subjects were of similar age, with no car-
diac history, who had come to our office for an elec-
trocardiogram prior to surgery.

The etiology of HF was considered ischemic if the
patient presented coronary stenosis >70% on coronary
angiography. Ventricular function was measured as of
the fifth month (mean, 165 days) after the last hospi-
talization due to HF, when blood samples were taken
to determine markers of myocardial fibrosis, in order
to prevent possible influence by precipitating factors
for heart failure and recent changes in therapy. The
ejection fraction was calculated quantitatively using
the Teicholz or Simpson methods when there were al-
terations in regional contractility. Ventricular function
was considered to be depressed if the ejection fraction
was <45%.10 The PIP and CITP determinations were
performed twice using radioimmunoassay (Orion
Diagnostica) at the Biochemistry Laboratory of the
School of Medicine of Malaga, with the final value

taken as the mean of the 2 determinations. All quanti-
tative data are expressed as the mean ± standard devia-
tion and qualitative data, as percentages. We per-
formed a univariate analysis of between-group
differences using the Student’s t test for continuous
variables and the chi-square or Fisher test for categori-
cal variables. Statistical significance was set at a P va-
lue of less than .05 and SPSS 8.0 was used for the sta-
tistical processing.

RESULTS

The patients with HF in group B were older (mean
age, 70.3 vs 63.8 years) and there were more women
(68% vs 45%) and more patients with hypertension
(91% vs 48%) than in group A (Table). In patients
with ventricular dysfunction, the etiology was is-
chemic in 62% of the patients. The time of evolution
prior to HF was similar in both groups (mean, 1.8
years).

Collagen Type I Synthesis and Degradation
Markers

The mean PIP values were statistically higher for
patients with HF than the control group (140±56.38 
vs 113.66±36.6 µg/L; P=.01) (Figure). However, the 
differences between groups A and B or between these
groups and the control group were not statisti-
cally significant (141.85±68.8; 138.17±40.83, and
113.66±36.66 µg/L, respectively).
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TABLE. Baseline Characteristics of Patients*

HF≤45% HF>45%

(Group A) (Group B) P

n=35 n=35

Age, years 63.8±8.8 70.3±9.3 .004

Women, % 45.7 68.5 .045

Risk factors

Hypertension 48.6 91.4 .001

Dyslipidemia 20 22.8 .5

Smoking 40 20 .06

Diabetes mellitus 42.8 48.5 .3

Ischemic heart disease 62.9 14.3 .001

Treatment

Beta-blockers 42.8 28 .25

Calcium antagonists 12.8 28.2 .10

ACE inhibitors/ARBs 82.8 74.3 .06

Diuretics 68.5 68.5 .5

Digoxin 22.8 28.6 .4

Sintrom 20 22.8 .5

Statins 14.2 17.1 .5

Atrial fibrillation 37.1 45.7 .17

EF, % 33±11.5 61.9±7.2 .001

*ACE inhibitors indicates angiotensin-converting enzyme inhibitors; ARBs, an-
giotensin II receptor blockers; EF, ejection fraction; HF, heart failure.
Qualitative variables are expressed in percentages.
Quantitative variables are expressed at mean ± standard deviation.



We found no differences in mean CITP values bet-
ween HF patients and the control group (2.89±2.37 vs
2.26±1.7 µg/L) and there were no differences in CITP
values among patients who had HF, with or without
ventricular systolic dysfunction.

DISCUSSION

Numerous observations indicate that the transition
from compensating hypertrophy to HF is related to
various cellular and tissue changes: loss of the num-
ber of cardiomyocytes due to both apoptosis and
necrosis, changes in the motor unit and cytoskeleton
of the cardiomyocytes and alterations in the extracel-
lular matrix metabolism that leads to fibrosis of the
myocardium.11 Under biomechanical stress condi-
tions secondary to pressure overload or ischemia,
cardiac fibroblasts are stimulated and increase the
synthesis of collagen type I and III molecule precur-
sors, resulting in the collagen fiber build-up that
characterizes fibrosis, an effect further enhanced due
to reduced collagen degradation caused by inhibition
of myocardial collagenase due to hypertension or is-
chemia. In biopsies of patients with dilated car-
diomyopathy, greater synthesis of collagen type I has
been reported in patients with ventricular dysfunction
versus those without, as well as a higher percentage
of collagen type I than collagen type III, which
shows greater rigidity.12 In hypertrophic cardiomyo-
pathy, a predominance of synthesis on collagen type I
degradation is also observed.13

As far as we are aware, this study is the first to
analyze the relationship between the biochemical
synthesis and degradation markers of collagen type
I (PIP and CITP) in patients with HF. The results of
our study appear to indicate differences in the col-
lagen type I synthesis marker among the entire
group of patients with HF compared to the control
group, without differences in the collagen type I
degradation marker. This suggests increased myo-
cardial fibrosis in both types of HF with increased
synthesis, without variations in collagen type I
degradation.

It is well established that myocardial fibrosis in pa-
tients with hypertension is due to an increase in PIP
values with normal concentrations of CITP, which fa-
vors myocardial fibrosis.14 Several therapeutic ap-
proaches based on drugs that control the major physio-
logical stimuli on myocardial fibrosis—angiotensin II
and aldosterone—(e.g., angiotensin receptor antago-
nists,14 angiotensin receptor antagonists15 or spirono-
lactone16) are able to reduce the levels of collagen syn-
thesis markers.

In HF, the situation appears to be similar to that
described in patients with hypertension. Elevated
concentrations of collagen synthesis markers (PIP)
and normal values of degradation markers (CITP) are

observed, favoring myocardium collagen deposits
and myocardial fibrosis.

LIMITATIONS

The small number of patients in our study could
have limited the statistical power for finding diffe-
rences between the groups. We do not know if the
time point at which myocardial fibrosis markers are
determined after hospitalization for HF has any in-
fluence or if there is any temporal relationship with
the start of the process, although no differences were
found between the groups of patients with HF. Many
of the patients had been previously treated with
drugs that can alter the fibrosis process, another po-
tential limitation of this study. Apart from ejection
fraction, the groups with and without systolic dys-
function differ in other variables, such as age, per-
centage of ischemic etiology, and hypertension,
which could also have affected the results (including
fibrosis markers) in some way.

CONCLUSIONS

Higher concentrations of collagen type I synthesis
and degradation markers were observed in patients
diagnosed with HF than a control group of healthy
volunteers.
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Figure. C-terminal peptide of procollagen type I (PIP) in patients with
HF and in control group.

Control Heart Failure

260

240

220

200

180

160

140

120

100

80

60

40

P
ro

co
lla

g
en

, 
µ

g
/L



REFERENCES

1. Redfield MM. Heart failure: an epidemic of uncertain propor-

tions. N Engl J Med. 2002;347:1442-4.

2. Stewart S, MacIntyre K, Hole DJ, Capewell S, McMurray JJ.

More “malignant” than cancer? Five-year survival following a

first admission for heart failure. Eur J Heart Fail. 2001;3:315-

22.

3. Ojeda S, Anguita M, Muñoz JF, Rodríguez MT, Mesa D, Franco

M, et al. Características clínicas y pronóstico a medio plazo de la

insuficiencia cardíaca con función sistólica conservada. ¿Es dife-

rente de la insuficiencia cardíaca sistólica? Rev Esp Cardiol.

2003;56:1050-6.

4. Querejeta R, Varo N, López B, Larman M, Artinano E, Etayo JC,

et al. Serum carboxy-terminal propeptide of procollagen type I is

a marker of myocardial fibrosis in hypertensive heart disease.

Circulation. 2000;101:1729-35.

5. Takino T, Nakamura M, Hirimori K. Circulating levels of car-

boxyterminal propeptide of type I procollagen and left ventricular

remodeling after myocardial infarction. Cardiology. 1999;91:

81-6.

6. Díez J, Panizo A, Gil MJ, Monreal I, Hernández M, Pardo Min-

dan J. Serum markers of collagen type I metabolism in spontane-

ously hyertensive rats. Relation to myocardial fibrosis. Circula-

tion. 1996;93:1026-32.

7. Díez J, Laviades C, Varo N, Querejeta R, López B. Diagnóstico

bioquímico de la fibrosis miocárdica hipertensiva. Rev Esp Car-

diol. 2000;53 Supl 1:8-13. 

8. Panizo A, Pardo J, Hernández M, Galindo MF, Cenarruzabeitia

E, Díez J. Quinapril decreases myocardial accumulation of extra-

cellular matriz components in spontaneously hypertensive rats.

Am J Hypertens. 1995;8:815-22.

9. López B, González B, Varo N, Laviades C, Querejeta R, Díez J.

Biochemical assessment of myocardial fibrosis in hypertensive

heart disease. Hypertension. 2001;38:1222-6. 

10. How to diagnose diastolic heart failure. European Study Group

on Diastolic Heart Failure. Eur Heart J. 1998;19:990-1003.

11. Díez J, López B, González A, Ardanaz N, Fortuño M. Respuestas del

miocardio al estrés biomecánico. Rev Esp Cardiol. 2001;54: 507-15.

12. Puschinger M, Knopf D, Petschauer S, Doermer A, Poller W,

Schwimmbeck P, et al. Dilated cardiomyopathy is associated with

significant changes in collagen type I/III ratio. Circulation. 1999;

99:2750-66.

13. Lombardi R, Betocchi S, Losi MA, Tochetti C, Anversa M, Mi-

randa M, et al. Myocardial collagen turnover in hypertrophic car-

diomyopathy. Circulation. 2003;108:1455-60. 

14. Laviades C, Varo N, Fernández J, Mayor G, Gil MJ, Monreal I, et

al. Abnormalities of extracellular degradation of collagen type I

in essential hypetension. Circulation. 1998;98:535-40. 

15. Díez J, Querejeta R, López B, González A, Larman M, Martínez

JL. Losartan-dependent regression of myocardial fibrosis is asso-

ciated with reduction of left ventricular chamber stiffness in hy-

pertensive patients. Circulation. 2002;105:2512-7. 

16. Zannad F, Dousset B, Alla F. Treatment of congestive heart failu-

re: interfering the aldosterone-cardiac extracellular matrix rela-

tionship. Hypertension. 2001;38:1227-32. 

978 Rev Esp Cardiol. 2005;58(8):975-8 104

Jiménez-Navarro MF, et al. Collagen Synthesis and Heart Failure


