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Summary

Background: Left ventricular hypertrophy (LVH) induced
by exercise is considered to be a physiologic adaptive mecha-
nism without fibrogenic hyperactivity, as occurs in patholog-
ic hypertrophy.

Hypothesis: This study investigated serum markers of col-
lagen synthesis and echo parameters of left ventricular dias-
tolic function (LVdf) in 22 male athletes.

Methods: Twenty-two highly competitive male athletes
(10 cyclists, 12 soccer players) were studied with full history,
clinical examination, Doppler echocardiogram, and serum
concentration of the carboxyl-terminal propeptide of collagen
type I (PIP). They were divided into two groups: normal left
ventricular mass (N) with left ventricular mass index (LVMI)
< 125 g/m2 (14 athletes) and LVH with LVMI > 125 g/m2

(8 athletes).
Results: Age, body surface area, blood pressure, heart rate,

and systolic function were not different between the groups.
Serum concentration of PIP (N: 163 ± 44.1 µg/l, LVH: 172.7 ±
61.2 µg/l—NS) and LVdf (early to atrial peak mitral flow ve-
locity ratio: [E/A] N:1.77 ± 0.47, LVH: 1.98 ± 0.70—NS, and
early to atrial peak mitral annulus velocity ratio: [Ea/Aa] N:
2.63 ± 0.70, LVMI: 2.55 ± 0.90 LV1.61—NS) were similar in
both groups.

Conclusions: Normal serum concentration of PIP in ath-
letes with LVH in association with normal LVdf indicates the
possibility that in this type of physiologic hypertrophy there is
mainly an increase of myocyte size without interstitial fibrosis.
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Introduction

Left ventricular hypertrophy (LVH) induced by exercise is
considered to be a physiologic adaptive mechanism without fi-
brogenic hyperactivity, as occurs in pathologic hypertrophy.1–4

The monitoring of collagen synthesis by determination of
serological collagen-derived peptides has been used as a mark-
er of fibrillar collagen turnover in several conditions leading to
cardiac fibrosis.5–8

These findings allowed us to hypothesize that in exercise-
induced LVH, serum concentration of carboxyl-terminal
propeptide of procollagen type I (PIP) and left ventricular 
diastolic function (LVdf) should be normal because there is
no collagen-type-I-dependent myocardial fibrosis. To test
this hypothesis definitively, the present study was designed
to compare serum levels of PIP and diastolic function in ath-
letes with exercise-induced LVH and athletes with normal
left ventricular (LV) mass.

Methods

Subjects

We investigated 22 highly competitive male athletes (10 cy-
clists and 12 soccer players) aged 27 ± 9.16, who were in full
sporting activity at the time of the study and trained 3 to 5 h at
least five times a week, with long-term athletic conditioning
(>5 consecutive years). They were participating in regular na-
tional and some international competitions against other pro-
fessional athletes.

All subjects were nonsmokers, had not taken medications
for at least 3 weeks prior to the study, and showed no presence
of heart disease. The protocol of this study complies with the
principles of the Helsinki Declaration. All subjects gave their
informed written consent to participate and to have their blood
samples used for the study.
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Assessment of Left Ventricular Structure and Function

Two-dimensional, targeted M-mode, standard Doppler
echocardiography and Doppler tissue imaging (DTI) were
performed with subjects in partial left decubitus position with
an ATL 3500 system (Philips Medical Systems, Cleveland,
Ohio, USA).

The thickness of the LV wall and the dimensions of the LV
and left atrial cavities were measured on the M-mode echocar-
diogram according to the recommendations of the American
Society of Echocardiography.9

Relative wall thickness (h/r) was obtained to characterize
the type of LVH, as indicated by Ganau et al.10 Left ventricular
mass calculated according to Devereux et al.11 was divided by
body surface area to obtain LV mass index (LVMI).

A cutoff point of 125 g/m2 was prospectively chosen to de-
tect LVH in accordance with Devereux et al.12 and Hammond
et al.,13 LMVI >125 g/m2 and h/r >0.44 were considered con-
centric LVH.10

This cutoff point allowed us to divide all the athletes into
two groups: normal (N) with LVMI < 125 g/m2 (14 athletes)
and LVH with LVMI > 125 g/m2 (8 athletes).

Left ventricular ejection fraction (LVEF) was obtained to
evaluate systolic function according to the recommendations
of the American Society of Echocardiography.14

Left ventricular diastolic filling was analyzed by Doppler
echocardiography, using E and A peak mitral flow veloci-
ties (m/s), their ratio E/A,15, 16 and early (Ea) and atrial (Aa)
peak mitral annulus velocities (m/s) with their ratio (Ea/Aa)
using DTI.17

Determination of Serum PIP

Serum samples were taken to determinate PIP by radioim-
munoassay8 at the time of clinical studies. The reference inter-
val was 74–93 µg/l for lower limit and 215–260 µg/l for upper
limit. The sensitivity (lower detection limit) was 5.1 µg/l and the
intra- and interassay variations were 4.3 and 7.8%, respectively.

Statistical Analysis

Data were expressed as mean ± standard deviation. Dif-
ferences between means were assessed by the unpaired Stu-
dent’s t-test. Linear regression analyses were performed to as-
sess univariate relations. A two-tailed p value of < 0.05 was
considered to indicate statistical significance.

Results

Clinical Characteristics of Study Group

The two groups were comparable in age (N: 26.3 ± 6.74
years, LVH: 28.5 ± 12.8 years, NS), body surface area (N: 1.91
± 0.06 m2, LVH: 1.90 ± 0.11 m2, NS), blood pressure (N:103.5
± 29.2/68 ± 12.5 mmHg, LVH: 120 ± 11.02/77 ± 9.26 mmHg)
and heart rate (N: 61.6 ± 10.3, LVH: 58 ± 9.89 beats/min, NS).

Left Ventricular Structure and Function

Structure: Left ventricular end-diastolic dimension ranged
from 48 to 62 mm (mean 54.3 mm) and exceeded the normal
value for a nonathletic population (<54 mm)18, 19 in 11 athletes
(50%) including 2 in whom the dimension was >60 mm. This
diameter was similar in athletes with or without LVH (Table I).

Interventricular and posterior LV thickness ranged from 7
to 17 mm (mean 10.5 mm) and from 7 to 13 mm (mean 9.8
mm), respectively; 4 of 22 (18%) were found to have LV wall
thickness > 13 mm. The athletes with LVH had greater wall
thickness (Table I).

The h/r was found elevated in athletes with LVH (LVH:
0.43 ± 0.08, N: 0.35 ± 0.07, p < 0.02) (Fig. 1); r/h > 0.44 was
found in 4 of 22 (18%) athletes.

Function: Left ventricular ejection fraction was normal in
the 22 athletes (0.53–0.86), and no difference was found be-
tween the groups (Table I). 

Indices of LV diastolic filling obtained with standard Dop-
pler and DTI were within normal limits in the 22 athletes. The
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TABLE I Cardiac dimensions and function as assessed by echocar-
diography in athletes with normal left ventricular mass and with left
ventricular hypertrophy

Measure LVH N p Value

LVEDD (mm) 56 ± 5.01 53.36 ± 3.41 NS
LVESD (mm) 31.88 ± 7.3 28.82 ± 5.4 NS
ISdt (mm) 12.6 ± 2.19 9.21 ± 1.24 <0.01
PWdt (mm) 10.88 ± 1.13 9.25 ± 1.70 <0.02 
LVM (g) 285 ± 37.5 172.1 ± 63.8 <0.01
LVEF (%) 78.38 ± 11.9 73.29 ± 63.8 NS
E (m/s) 0.80 ± 0.13 0.82 ± 0.14 NS
A (m/s) 0.43 ± 0.15 0.47 ± 0.06 NS
Ea (m/s) 0.16 ± 0.01 0.165 ± 0.1 NS
Aa (m/s) 0.062 ± 0.005 0.062 ± 0.05 NS

LVEDD = left ventricular end diastolic diameter, LVESD = left ven-
tricular end-systolic dimension, ISdt = interventricular septum end-
diastolic thickness, PWdt = posterior wall end-diastolic thickness,
LVM = left ventricular mass, LVEF = left ventricular ejection frac-
tion, E = early peak flow mitral velocity, A = atrial peak mitral flow
velocity, Ea = early peak mitral annulus velocity, Aa = atrial peak mi-
tral annulus velocity, LVH = left ventricular hypertrophy.
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FIG. 1 Left ventricular structure. Relative wall thickness (h/r) in
normal and left ventricular hypertrophy as defined in text. *p < 0.01.
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early-to-atrial mitral peak flow velocity (E/A) ratio was not
different between groups (LVH:1.98 ± 0.46, N: 1.77 ± 0.39,
NS) (Fig. 2). The same results were obtained when using DTI
to analyze mitral annulus velocity (LVH: 2.63 ±1.05, N: 2.55 ±
1.61, NS) (Fig. 2).

Serum PIP

As shown in Figure 3, serum concentration of PIP was sim-
ilar in both groups (N: 165 ± 43.4 µg/l, LVH: 172.7 ± 42.1 µg/l,
NS). No direct correlation was found between serum PIP level
and LVM in all the athletes studied (r = 0.16, NS).

Discussion 

The main findings of this study are as follows: (1) increased
LVM in professional athletes, performing a combined dynam-
ic and static exercise, is not associated with high serum level of
PIP; and (2) diastolic LV function is normal in these endurance
athletes with LVH.

Pathophysiologic Significance

Left ventricular hypertrophy: The development of the ath-
letes’ hypertrophy is characterized by an increase in LV mass,
ventricular wall thickness, or cavity dimension.18–20 However,
different types of exercise and athlete training influence the
characteristics of cardiac adaptation.21–23 According to Pluim
et al.,21 our endurance athletes belong to a combination of dy-
namic and static type of exercise group. Although the greater
LVM observed in some athletes is mainly due to the presence
of a large ventricular cavity,18 the echocardiographic changes
found in our athlete group with LVH were characterized by an

increase in LVM, LV wall, and relative wall thickness without
significant changes in LV dimension.

None of our study subjects had LV wall thickness exceed-
ing 16 mm. This is consistent with data from Pelliccia et al.19

in a study of 947 highly trained athletes.
Collagen synthesis: Taking into account that hepatobiliary

function was normal in the athletes studied and that it seems
that serum concentration of PIP represents a level of produc-
tion of the peptide,6 then an increased level of PIP could be a
marker of stimulated fibrogenesis. Accordingly, the elevated
serum concentration of PIP in hypertensive subjects with
myocardial fibrosis6, 8, 24 reinforces the idea that this type of
hypertrophy represents a condition characterized by fibro-
genic hyperactivity.

The similar level of serum concentration of PIP in athletes
with and without hypertrophy in our observations suggests
that exercise-induced LVH consists of myocyte hypertrophy
without pathologic fibrosis.

Diastolic filling: We observed, as have other authors,17, 22 a
normal or enhanced diastolic function in athletes with or with-
out LVH.

Generally, a normal or slightly enhanced diastolic function
in athletes, and mainly in those with exercise-induced LVH,
may be considered as a positive finding because in hyperten-
sive patients the increase in LV mass and wall thickness is as-
sociated with diastolic filling abnormalities.25, 26

Limitations of the Study

Some limitations of the study should be acknowledged. We
did not have a matched control sedentary group to compare
the serum PIP level; yet the level of serum PIP found in this
study was within the normal reference values given for the
normal population (for men: 87–234 mg/l). Thus, the similar
levels of serum PIP in athletes with and without LVH found
by our observations could be useful to support the conclusions
from this research in spite of the absence of a matched control
sedentary group.

Second, it is obvious that PIP detectable in serum is not 
exclusively heart specific. Nevertheless, other extracardiac
sources able to alter serum PIP can be excluded in our athletes,
reinforcing the significance of this peptide in the LVH study.24
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FIG. 2 Assessment of left ventricular diastolic function. (A) Early-
to-atrial mitral peak flow velocity (E/A). (B) Early-to-atrial mitral
annulus velocity (Ea/Aa) in normal and left ventricular hypertrophy.
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FIG. 3 Propeptide of procollagen type I (PIP) serum level concen-
tration. Serum concentration of PIP in normal and left ventricular
hypertrophy.
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Conclusions

The present results have broadened our knowledge of ex-
ercise-induced LVH. The normal serum levels of PIP in ath-
letes with LVH in association with normal diastolic function
allow us to consider that in this type of physiologic hyper-
trophy there is mainly an increase of myocyte size without in-
terstitial fibrosis. Thus, the conventional echo study and the
measurement of serum PIP could be practical and useful to
look for pathologic hypertrophy in athletes. Nevertheless, be-
cause of limitations of this investigation, we are aware that
further extensive studies are necessary to validate this ap-
proach definitively.
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