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The Serum Concentrations of Procollagen
Propeptides in Hypertensive Patients with or
Without Diabetes
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Background: The serum concentrations of procollagen propeptides are valuable markers of myocardium collagen
synthesis and turnover in hypertensive patients. The aim of our study was to evaluate the effect of diabetes mellitus
on serum concentrations of procollagen propeptides in hypertensive patients.

Methods: Sixty-three subjects admitted for coronary angiography were enrolled. All of the patients received
analysis of the serum levels of the amino-terminal propeptide of types I and III procollagen (PINP and PIIINP).
Results: Patients were divided into 3 groups according to the presence or absence of hypertension and diabetes;
these were: 9 patients with both hypertension and diabetes (group 1), 38 patients with hypertension but without
diabetes (group 2), and 16 normotensive patients without diabetes (group 3). Group 2 patients had higher serum
PINP levels than group 1 and group 3 patients (p = 0.023 and p = 0.004, respectively). No significant difference of
serum PINP level was noted between group 1 and group 3. However, the serum PIIINP level in group ! patients was
significantly higher than those in group 2 and group 3 (p = 0.005 and p < 0.001, respectively), and the serum PITINP
level between group 2 and group 3 showed no significant difference.

Conclusion: Diabetic status influenced serum PINP and PIIINP levels differently in hypertensive patients.
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INTRODUCTION terminal propeptide of type I procollagen (PICP). They
are all valuable markers of myocardium collagen synthe-
sis and turnover.”* These markers are useful tools for
cardiac tissue repair and fibrosis monitoring,’ both in ex-
perimental® and clinical practice®’®
myocardial collagen deposition has been related to sev-
eral pathological conditions, including coronary artery
disease,’ cardiac hypertrophy,>'’ myocardial hiberna-

myocardial infarction (MI)'? and congestive heart

The extra-cellular matrix (ECM) of heart consists
mainly of types I and III collagen.! The serum markers
of collagen I and III are amino-terminal propeptide of models. Excess

type I and III procollagen (PINP, PIIINP) and carboxyl
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failure."® In hypertensive patients, serum markers of type
I collagen synthesis (PINP and PICP) are especially use-
ful. They not only reflect the severity of myocardial fi-
brosis, but also the diastolic dysfunction in hypertensive
patlents

Hypertension is a component of the insulin resis-
tance-related metabolic syndrome.'’
increases myocardial fibrosis in animal model'®"’ and

Diabetes mellitus
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human study.'® However, in a recent study, Francois et
al. showed a higher PIIINP but a lower PINP level in pa-
tients with both hypertension and diabetes, comparing
with the controlled group.'’ Diabetes mellitus itself
seemed to have different effect on the serum PINP and
PIIINP levels. The aim of our study was to evaluate the
effect of diabetes on serum markers of collagen I and III
in hypertensive patients.

PATIENTS AND METHODS

Study population
We prospectively studied 63 consecutive patients
aged from 50 to 75 year old, 37 males and 26 females.
These patients were admitted for coronary angiography
due to positive stress test. Patients were divided into 3
groups according to the presence of hypertension and di-
abetes. These were: 9 patients with both hypertension
and diabetes (group 1), 38 patients with hypertension but
without diabetes (group 2), and 16 normotensive patients
without diabetes (group 3). Conditions associated with
elevated serum concentrations of PINP and PIIINP, in-
cluding chronic liver disease, pulmonary fibrosis, rheu-
matoid arthritis, and extensive wounds were excluded
after complete medical examination. Additional exclu-
sion criteria were significant valvular heart disease, cor-
onary intervention within the previous 3 months, leuko-
cytosis, and active infection. Blood pressure measure-
_ments were performed by trained technicians or nurses
with a mercury sphygmomanometer, and the first and
fifth Korotkoff sounds were recorded to represent the
systolic and diastolic pressures. Three measurements
were obtained on each occasion, at 5-minute intervals,
and averaged. Hypertension was said to be present if the
systolic blood pressure was 140 or diastolic blood pres-
sure 90 mm Hg or there was use of medication for hy-
pertension (not including the usage of angiotensin-con-
verting enzyme inhibitor or angiotensin II receptor
blocker for diabetic nephropathy patients or -blocker
for normotensive patients with mitral valve prolapse or
coronary artery disease). Diabetes mellitus was defined
as a blood glucose level of 126 mg/dL or higher after an
overnight fast or use of medication for diabetes mellitus.
Hyperlipidemia was defined as a total cholesterol level
2 240 mg/dL or total triglyceride = 200 mg/dL or use of
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medication for hyperlipidemia. Coronary artery disease
(CAD) was defined as = 50% coronary artery diameter
stenosis detected by diagnostic coronary angiography.
The study was approved by the ethics committee of the
National Taiwan University Hospital, and all subjects
gave informed consent.

Blood sampling and determination of PINP
and PIIINP

Blood sampling was obtained from peripheral vein
or percutaneous artery sheath before catheterization. Se-
rum samples to determine PINP and PIIINP were stored
at -40 °C until assay. Serum PINP was determined by a
rapid equilibrium radioimmunoassay using commercial
antisera specifically directed against the amino-terminal
propeptide (Orion Diagnostica, Espoo, Finland). The
intra-and interassay coefficients of variation were < 7%.
The sensitivity of this method was 2 ug/L. The reference
range of serum PINP was 20-76 ug/L in men and 19-84
ug/L for women. Serum PIIINP was determtained by a
coated-tube radioimmunoassay as described using com-
mercial antisera specifically directed against the
amino-terminal propeptide (Orion Diagnostica, Espoo,
Finland). The intra- and interassay coefficients of varia-
tion of serum PIINP were < 5%. The sensitivity for
PITINP was 0.3 pg/L. The reference range of serum
PIIINP was 2.3-6.4 pg/L.

Statistical analysis

Continuous data was expressed by mean * standard
deviation. Differences between proportions were as-
sessed by chi-square test or Fisher exact test. Differences
between two groups were tested by Student’s ¢ tests. We'
used one-way ANOVA method with subgroup post-hoc
analysis (LSD) to compare continuous variables among
three groups. A p-value < 0.05 was considered signifi-
cant. All analysis was performed by using SPSS 10.0
manager software.

RESULTS

The clinical data and echocardiographic results are
summarized in Table 1. No significant difference was
found in age, sex, hyperlipidemia, serum creatinine
level, left ventricular ejection fraction, left ventricular
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Table 1. Patient characteristics in all groups of study patients

Group 1 Group 2 Group 3

m=9 (@=38 (=16 T AU
Age (years) 67.0+47 642185 609+60 0.140
Gender* 6(67%) 19(50%) 12(75%) 0.212
LVEF (%) 63.9+£6.7 683+73 69.1%52 0.160
LVMI (g/m2) 124.4+29.7122.7+31.41253+31.6 0.962
CAD 6 (67%)" 11(29%) 6(38%) 0.110
Hyperlipidemia 6 (67%) 24 (45%) 6 (38%) 0.240
Creatinine 1.0£03 1.1+£02 1.1+£02 0944
Medication
ACEL/ARB 4(44%) 19 (50%)° 2(12.5%) 0.034
B-blocker 6 (67%) 15 (39%) 5031%) 0.219
Statin 3(33%) 10(26%) 3(19%) 0.719

*Expressed as the male gender number.

LVEEF = left ventricular ejection fraction; LVMI = left
ventricular mass index; ACEI = angiotensin-converting enzyme
inhibitor; ARB = angiotensin II receptor blocker; CAD =
coronary artery disease.

?p < 0.05 between group 1 and group 2; bp < 0.05 between
group 2 and group 3.

mass index, B-blocker, and statin usage among the three
groups. The group 1 patients had higher CAD percent-
age than group 2 patients, but there was no significant
difference of the CAD ratio between group 1 and group
3. Angiotensin-converting enzyme inhibitor or angioten-
sin II receptor blocker was prescribed more in group 2
than in group 3 patients (50% v.s 12.5%, p < 0.05).

The result of serum PINP and PIIINP levels among
the 3 groups is shown in Table 2. The PINP levels were
33.6 £ 13.3 pg/L, 50.2 + 21.6 pg/L, and 33.0 + 15.6
pg/L, respectively, in group 1, group 2, and group 3. The
serum PINP level was significantly higher in group 2
than those in group 1 (p = 0.023) and group 3 (p =

tients had significantly higher serum PIIINP level than
that in group 2 (p = 0.005) and group 3 (p < 0.001) pa-
tients. The PIIINP level in group 2 patients was non-sig-
nificantly higher than that in group 3 patients (p = 0.1).
Among the hypertensive patients, no significant differ-
ence of the PINP and PITIINP levels was noted whether
using ACEI/ARB or not (Table 3).

DISCUSSION

The collagen synthesis in ECM of heart increases in
certain conditions, including cardiac hypertrophy,*'’
myocardial hibernation,'’ myocardial infarction (MI),"?
and congestive heart failure."”® Type I and type III colla-
gen accumulation raises myocardial stiffness, which
leads to cardiac structure remodelling and is the major
determinant of cardiac diastolic dysfunction.”® Serum
markers of both type I and type III collagen turnover
were shown to be a useful marker for clinical manifesta-
tions involving cardiac ECM turnover.?" Lombardi et
al. demonstrated that the serum PIIINP level was ele-
vated in hypertrophic cardiomyopathy patients.’ Que-
rejeta et al. concluded that serum PICP level elevated in
patients with heart failure of hypertensive origin.** Our
previous study also showed that serum PIIINP levels
were associated with severity of coronary artery disease
and the occurrence of acute rejection in patients receiv-
ing heart transplantation.”?*

In hypertensive status, arterial hypertension also

Table 3. Subgroup analysis of the effect of ACEI/ARB on
serum PINP and PIIINP levels among hypertensive

0.004). No significant difference of the PINP level was patients
noted between group 1 and group 3. The PIIINP levels ACEVARB usage  No ACEVARB ., .
were 5.9 2.7 pg/L, 4.3 + 1.3 pg/L, and 3.5 £ 0.7 pg/L, (n=23) usage (n = 24)
respectively, in group 1, group 2, and group 3 patients.  PINP (ug/L) 4581174 4831246  0.687
The group 1 (combined hypertension and diabetes) pa- PIIINP (ng/L) :0£2.0 4215 0.128
Table 2. Serum PINP and PIIINP levels in all study groups
Group 1 Group 2 Group 3 a p value p value p value
n=9) (n=38) (n=16) p value (group 1 vs group 2) (group 2 vs group 3) (group 1 vs group 3)
PINP (ug/L) 33.6+133 502+21.6 33.0+156 0.005 0.023 0.004 0.935
PIIINP (ng/L) 59127 43+£13 3.5+£0.7 0.001 0.005 0.1 < 0.001

*Value calculated by one-way ANOVA.

PINP = amino-termial propepitde of type I procollagen; PIIINP = amino-terminal propeptide of type III procollagen.
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stimulates both myocardial procollagen gene expres-
sion and collagen synthesis.'* The excess deposit of
myocardial collagen content results in myocardial stiff-
ness and diastolic dysfunction.>*® The association of
serum marker of type I collagen and hypertension is
also well known in other previous studies,'**"** Qu-
erejeta et al. showed serum PICP level correlated well
with the extent of left ventricular fibrosis in patients
with essential hypertension.”® Qur previous study also
revealed the association between serum PINP and dia-
stolic dysfunction in hypertensive patients.'* In the
present study, when comparing with the controlled
group, the PINP level was significant elevated in the
hypertension alone groups, whereas the PIIINP level
was only borderline elevated.

Regarding the influence of diabetes mellitus on
cardiac collagen synthesis, Shimizu et al. performed
immunohistochemical study of the myocardium in 12
type 2 DM patients and 6 non-diabetic patients.!” The
diabetic patients had significantly higher percentage
of type III collagen in the myocardium, while the per-
centage of type I collagen was similar to that of the
controlled group. They hypothesized that hypergly-
cemia may improve the coronary vascular permeabil-
ity and collagen accumulation, and assist the afflux of
the growth factors to the interstitium. These effects
promote fibroblast hyperplasia and speed collagen
synthesis. Benazzoug et al. revealed that hypergly-
cemia enhanced specifically type III collagen synthe-
sis of fibroblasts, not type I collagen.”’ According to
these studies, one may expect an increased PIIINP
level and a similar PINP level in diabetic patients
compared to non-diabetic patients. However, in a re-
cent study, Frangois et al. showed a higher PIIINP but
a significant lower PINP level in patients with both
hypertension and diabetes mellitus, comparing with
the control group.'” Because the lack of data for hy-
pertensive patients without diabetes mellitus, the indi-
vidual influence of hypertension or diabetes mellitus
on serum PINP and PIIINP levels was not clear. In our
study, we found decreased PINP and elevated PIIINP
levels in hypertensive patients with diabetes, compar-
ing with the hypertension-alone patients. Furthermore,
when we compared the procollagen propeptide levels
between the combined hypertension and diabetes
group and the control group, the PIIINP level was still
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significantly higher in the former group, whereas no
significant difference of the PINP level could be de-
tected. Our result showed the influence of diabetes
mellitus on elevating the PIIINP and decreasing the
PINP level in hypertensive patients. However, there
were no normotensive patients with diabetes mellitus
in this study. Therefore, we cannot know the influence
of diabetes mellitus on collagen turnover in normo-
tensive patients. It depends on further larger-scale
clinical trials in the future.

The reason for the negative influence of diabetes
mellitus on the PINP level is unclear. Type I collagen is
abundant not only in the myocardium, but also in the
protein of bone, which comprises about 85% of the bone
matrix.'® Previous in vitro and animal model studies
have shown that hyperglycemia has an osteopenia effect,
which decreases the osteoblast amount and decreases
type I collagen synthesis.*®! This may be the reason for
decreased PINP level in diabetes patients. However, the
evidence of the mechanism is still limited, and further
studies are needed to prove the hypothesis. According to
the result of this study, we supposed that PINP is not an
ideal marker to monitor the cardiac fibrosis extent in hy-
pertensive patients who also have diabetes mellitus. On
the contrary, PIIINP is more suitable for cardiac fibrosis
evaluation in this subgroup.

Our study has limitations. First, we did not perform
endomyocardial biopsy to document fibrotic process.
However, it is not ethical to perform endomyocardial bi-
opsy routinely in asymptomatic hypertension and diabe-
tes patients. Besides, in previous study, serum
procollagen peptides were reliable in remote monitoring
of collagen turnover.”® Second, the patient number in the
present study is small. This may yield to alpha- or
beta-type errors in statistical analysis. Studies with
larger patient numbers and isolated diabetes patient sub-
group are needed for further accurate analysis.

CONCLUSION

Diabetic status influenced serum PINP and PIIINP
levels differently in hypertensive patients. In hyper-
tensive patients with diabetes, serum PIIINP is proba-
bly better than serum PINP level for cardiac fibrosis
evaluation.

Acta Cardiol Sin 2008,-24:‘198-,’203 S




Yu-Chen Wang et al.

REFERENCES

—_

10.

11.

12.

13.

14.

. Heeneman S, Cleutjens JP, Faber BC, et al. The dynamic extra-

cellular matrix: intervention strategies during heart failure and
atherosclerosis. J Pathol 2003;200(4):516-25.

. Lopez B, Gonzalez A, Varo N, et al. Biochemical assessment of

myocardial fibrosis in hypertensive heart disease. Hypertension
2001;38(5):1222-6.

. Lombardi R, Betocchi S, Losi MA, et al. Myocardial collagen

turnover in hypertrophic cardiomyopathy. Circulation 2003;
108(12):1455-60.

. Uusimaa P, Risteli J, Niemela M, et al. Collagen scar formation

after acute myocardial infarction: relationships to infarct size, left
ventricular function, and coronary artery patency. Circulation
1997;96(8):2565- 72.

. Weber KT. Monitoring tissue repair and fibrosis from a distance.

Circulation 1997;96(8):2488-92.

. Laviades C, Varo N, Fernandez J, et al. Abnormalities of the

extracellular degradation of collagen type I in essential hyperten-
sion. Circulation 1998;98(6):535-40.

. Sato Y, Kataoka K, Matsumori A, et al. Measuring serum

aminoterminal type III procollagen peptide, 7S domain of type IV
collagen, and cardiac troponin T in patients with idiopathic di-
lated cardiomyopathy and secondary cardiomyopathy. Heart
1997:78(5):505-8.

. Klappacher G, Franzen P, Haab D, et al. Measuring extracellular

matrix turnover in the serum of patients with idiopathic or
ischemic dilated cardiomyopathy and impact on diagnosis and
prognosis. Am J Cardiol 1995;75(14):913-8.

. Lin YH, Ho YL, Wang TD, et al. The relation of amino-terminal

propeptide of type III procollagen and severity of coronary artery
disease in patients without myocardial infarction or hibernation.
Clin Biochem 2006;39(9):861-6.

Fassbach M, Schwartzkopff B. Elevated serum markers for colla-
gen synthesis in patients with hypertrophic cardiomyopathy and
diastolic dysfunction. Z Kardiol 2005;94(5):328-35.

Elsasser A, Vogt AM, Nef H, et al. Human hibernating myo-
cardium is jeopardized by apoptotic and autophagic cell death. J
Am Coll Cardiol 2004;43(12):2191-9.

Poulsen SH, Host NB, Jensen SE, Egstrup K. Relationship be-
tween serum amino-terminal propeptide of type III procollagen
and changes of left ventricular function after acute myocardial in-
farction. Circulation 2000;101(13):1527-32.

Cicoira M, Rossi A, Bonapace S, et al. Independent and addi-
tional prognostic value of aminoterminal propeptide of type III
procollagen circulating levels in patients with chronic heart fail-
ure. J Card Fail 2004;10(5):403-11.

Lin YH, Chiu YW, Shiau YC, et al. The relation between serum

Acta Cardiol Sin 2008;24:198-203

202

15.

-

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28

level of amioterminal propeptide of type I procollagen and dia-
stolic dysfunction in hypertensive patients without diabetes
mellitus: A pilot study. J Hum Hypertens 2006;20(12):964-7.
Chuang SY, Chen CH, Chou P. Hypertension and the insulin-re-
lated metabolic syndrome: factor analysis in 17,539 Taiwanese.
Acta Cardiol Sin 2004;20:229-36

Reddi AS. Collagen metabolism in the myocardium of normal
and diabetic rats. Exp Mol Pathol 1988;48(2):236-43.

Shimizu M, Umeda K, Sugihara N, et al. Collagen remodelling in
myocardia of patients with diabetes. J Clin Pathol 1993;46(1):
32-6.

Watts GF, Marwick TH. Ventricular dysfunction in early diabetic
heart disease: detection, mechanisms and significance. Clin Sci
(Lond) 2003;105(5):537-40.

Alla F, Kearney-Schwartz A, Radauceanu A, et al. Early changes
in serum markers of cardiac extra-cellular matrix turnover in pa-
tients with uncomplicated hypertension and type II diabetes. Eur
J Heart Fail 2006;8(2): 147-53.

Yamamoto K, Masuyama T, Sakata Y, et al. Myocardial stiffness
is determined by ventricular fibrosis, but not by compensatory or
excessive hypertrophy in hypertensive heart. Cardiovasc Res
2002;55(1):76-82.

Varo N, Etayo JC, Zalba G, et al. Losartan inhibits the post-trans-
criptional synthesis of collagen type I and reverses left ventricular
fibrosis in spontaneously hypertensive rats. J Hypertens 1999;
17(1):107-14.

Sekita S, Katagiri T, Sasai Y, Takeda K. Studies on collagen in
the experimental myocardial infarction. Jpn Circ J 1985;49(2):
171-8.

Melkko J, Niemi S, Risteli L, Risteli J. Radioimmunoassay of the
carboxyterminal propeptide of human type I procollagen. Clin
Chem 1990;36(7):1328-32.

Querejeta R, Lopez B, Gonzalez A, et al. Increased collagen
type I synthesis in patients with heart failure of hypertensive ori-
gin: relation to myocardial fibrosis. Circulation 2004;110(10):
1263-8.

Lin YH, Liu CP, Hsu RB, et al. Association of amino-terminal
propeptide of type III procollagen and acute myocardial rejection
in male patients receiving heart transplantation. Clin Chem Lab
Med 2007;45(8):1004-8.

Diez J, Lopez B, Gonzalez A, Querejeta R. Clinical aspects of hy-
pertensive myocardial fibrosis. Curr Opin Cardiol 2001;16(6):
328-35.

Lin YH, Shiau YC, Yen RF, et al. The relation between myocar-
dial cyclic variation of integrated backscatter and serum concen-
trations of procollagen propeptides in hypertensive patients. Ul-
trasound Med Biol 2004;30(7): 885-91.

. Querejeta R, Varo N, Lopez B, et al. Serum carboxy-terminal




Diabetes Mellitus and Procollagen Propeptides

propeptide of procollagen type I is a marker of myocardial fibro- 445-55.

sis in hypertensive heart disease. Circulation 2000;101(14): 30. Balint E, Szabo P, Marshall CF, Sprague SM. Glucose-induced

1729- 35. inhibition of in vitro bone mineralization. Bone 2001;28(1):
29. Benazzoug Y, Borchiellini C, Labat-Robert J, et al. Effect of 21-8.

high-glucose concentrations on the expression of collagens and ~ 31. Spanheimer RG, Umpierrez GE, Stumpf V. Decreased collagen

fibronectin by fibroblasts in culture. Exp Gerontol 1998;33(5): production in diabetic rats. Diabetes 1988;37(4):371-6.

203 Acta Cardiol Sin 2008;24:198-203




