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a b s t r a c t

Objective: To define serum decorin (sDEC) levels in healthy pregnants and in patients with preterm labor
(PTL), and to introduce possible role of sDEC in predicting the risk for preterm birth (PTB).
Materials and methods: Thirty-one women with diagnosis of PTL between 24th to 32nd weeks of
pregnancy were compared with 44 healthy pregnants in this prospective caseecontrol study. Maternal
blood sDEC and uterine cervical length (CL) measurements were conducted at referral.
Results: Median sDEC level was significantly decreased in PTL group (p ¼ 0.013). Median CL was
significantly shorter in PTL group (p < 0.001). There was not any correlation between sDEC level and
maternal age, BMI, and gestational age at blood sampling time within PTL (p ¼ 0.955, p ¼ 0.609,
p ¼ 0.079, respectively) and control groups (p ¼ 0.652, p ¼ 0.131, and p ¼ 0.921, respectively). There was
not any association between sDEC level and PTB within 7 days, before 34th weeks, but before 37th weeks
there was (p ¼ 0.206, 0.091, and p ¼ 0.026, respectively). There was not any correlation between sDEC
level and the CL in PTL group (p ¼ 0.056).
Conclusions: sDEC has a limited effect in prediction of PTB within a week or before 34th weeks. Com-
bination of sDEC with CL measurements predicted PTB before 37th weeks.conclusion
© 2018 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Preterm birth (PTB) is a pathological process related to infection
in a significant proportion of the cases [1]. It is also related with
early maturation of physiological processes, which normally occur
at term. Incidence of the PTB is as high as 12%e13% of all preg-
nancies [2]. In recent years, with the achieved advances in newborn
facilities, prognosis of the low-birth weighted-premature infants
has been recovered, but still the rate of prematurely delivered
newborns has not been alleviated with the improved diagnostics. It
is the leading cause of perinatal morbidity and mortality of the
newborn [3]. As well, PTB is the major decision-making event in
evolution of a healthy non-disabled fetus.

Tocolytic treatment is indicated in a patient with a diagnosis of
preterm labor (PTL). Randomized controlled trials have indicated
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that tocolytic treatment could postpone PTB in patients with PTL
for up to 7 days, however, a satisfactory reduction in the perinatal
morbidity could not be demonstrated [3,4]. Therefore, determining
the specific risk factors and introducing superb diagnostic modal-
ities prior to the onset of PTB would be a more efficient strategy in
decreasing the frequency of PTB and related morbidity.

Decorin is a short chained-proteoglycan, and one of the small
leucine-rich proteoglycans (SLRPs), which is found in extracellular
matrix [5]. It belongs to class I SLRPs. SLRPs are, like larger pro-
teoglycans, comprised of a protein core and glycosaminoglycan side
chains. The distinguishing feature of SLRPs is the presence of a
central domain containing leucine-rich repeats in the protein core.
This domain is responsible for most of the functional activity of
these molecules. Decorin is located on the collagen fibrils. It was
readily demonstrated that decorin regulates fibrillogenesis, cell
organization and stabilization in connection with type I collagen
in vivo [5,6]. The influence of transforming growth factor beta 1
reduces the synthesis and chain length of decorin [7,8]. Decorin is
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found in every tissue where proteoglycans exist. These include
bone, cartilage, gum, vascular endothelium, endometrium, con-
nective tissue of the cervix, placenta, and decidua [9e11]. Targeted
deletion or alteration of any of the SLRPs lead to disruption in
collagen fibrils in tissues.

To date, studies have concentrated on role of decorin in patients
with preterm rupture of membranes [12e14]. The role of decorin in
pathophysiology of PTL has not been investigated so far. As changes
in collagen levels and the proteoglycan levels occur through the
cervical ripening theoretically [15,16] we hypothesized that alter-
ations in serum decorin (sDEC) levels could be found in women
with the diagnosis of PTL prior to 32nd gestational weeks when
compared to healthy pregnant women of the same gestational age.

Materials and methods

Study protocol and the participants

The study was conducted as prospective caseecontrol study
between May 2012 and August 2014 in a tertiary care university
hospital. Pregnant women with 24e32 weeks of pregnancy who
referred with a complaint of inguinal, abdominal or dorsal pain
were defined as the target population. PTL was defined as presence
of regular uterine contraction cycles frequent than once in 10 min
together with a longitudinal cervical length (CL) measurement
shorter than 25 mm. Among those candidates, women with pre-
term rupture of membranes, cervical insufficiency, multiple preg-
nancy, hypertensive disorders of pregnancy, pre-gestational or
gestational diabetes mellitus, systemic disorders including con-
nective tissue diseases and vasculitis, polyhydramnios, placenta
previa, recent vaginal bleeding, placental abruption, and unfavor-
able fetal conditions including fetal growth restriction, congenital
fetal anomalies, and fetal demise were excluded from the study.
Patients between 24th and 32nd gestational ages who met the
definition of PTL, with contractions and or shorter than 25 mm CL
measurements designated the PTL group. Gestational age-matched
healthy singleton pregnant women without uterine contractions
and CL > 25 mm were assigned in the control group. Institutional
Review Board approval was obtained (2012-9/14). All participants
were fully informed and gave written informed consent.

Gestational agewas calculatedwith respect to the lastmenstrual
period or crown-rump length at first trimester ultrasonography, as
appropriate. Frequency and amplitude of uterine contractions were
recorded with external fetal monitor for at least 30 min. CL was
evaluated by transvaginal ultrasonography. Following the obstetric
evaluation, peripheric venous sampling from the participants was
performed before any treatment has been started. All patients with
PTLwere administered 10mg of oral nifedipine tablets 6 times daily
or intravenous beta agonist (ritodrine hydrochloride) as the first-
line tocolytic treatment. Betamethasone administration has been
started to patients in PTL group.

Blood samples for serum decorin levels from healthy pregnants
constituting the control group, were also taken between 24 and 32
weeks during their routine controls. All the patients included in the
study were followed until birth.

Sample collection and analysis

3 mL of peripheric venous blood samples were drained into
EDTA-containing test tubes. Materials were centrifuged at 1000
cycles for 15 minwithin 30 min after collection. Supernatants were
isolated and stored in cryo tubes at�27 �C until being studied. sDEC
levels were measured by enzyme linked-immunosorbent assay
(ELISA) method. Human Decorin Elisa Kit (Adipo Bioscience, Santa
Clara, CA, USA) was used for the sDEC measurements. Standard
work-up for Elisa procedure was conducted according to the
manufacturer's instructions.

Statistical analysis

Statistical analyses were performed using SPSS for Windows
20.0 statistical package program (SPSS Inc., Chicago, Ill). For the
comparison of the continuous variables between the two groups,
depending on the distribution of the sample group, Student's t-
test or ManneWhitney U test were carried out, as appropriate.
Chi-square test was used in the comparison of categorical vari-
ables. Correlation analysis was performed with the Pearson's
correlation coefficient or Spearman's rank correlation coefficient,
as appropriate. ROC analysis was conducted to define cut-off
values for predicting the risk of PTB within a week, before 34th,
and 37th gestational weeks. P < 0.05 was considered as statisti-
cally significant.

Results

One hundred and sixteen patients were assigned in the study in
order to constitute the PTL group. Fifty-two participants who meet
the exclusion criteria subtracted from the study group. Among 64
remainders, 31 participants who obey the PTL criteria constituted
the PTL group. Gestational aged matched 44 womenwere assigned
in control group.

Table 1 demonstrates the characteristics of the study popula-
tion. Mean maternal age and body mass index (BMI) and also me-
dian values of gravidity, parity, abortion, and gestational age at
blood sampling between groups were not significantly different.

Median CL was significantly shorter in PTL group compared to
control group (20 mmvs. 37 mm, p < 0.001) (Table 2). Median sDEC
was significantly lower in PTL group compared to the controls
(3026.2 pg/mL vs. 4021.2 pg/mL, p ¼ 0.013). Median gestational age
at delivery was significantly earlier in PTL group than the controls
(362/7 vs. 383/7, p < 0.001).

Six (19.4%) of the patients in PTL group and 9 of (20.5%) control
participants were between 24th and 28th gestational weeks,
whereas 25 (81.6%) of the patients in PTL group and 35 (79.5%) of
the controls were between 28th and 32nd gestational weeks during
the inclusion.

When pregnancies smaller than 28th weeks of gestation at
diagnosis were analyzed, mean values of maternal age and BMI
between groups were not significantly different. There was a sig-
nificant difference in median gestational age at blood sampling
between PTL and control groups (p ¼ 0.026; 261/7 vs. 264/7). sDEC
levels did not differ significantly between groups (Table 3).

When pregnancies greater than 28th weeks of gestation at
diagnosis were considered, mean values of maternal age and BMI
and median value of gestational age at blood sampling between
groups did not differ significantly. Median sDEC level was signifi-
cantly lower in PTL group compared to controls (p ¼ 0.043)
(Table 4).

We did not establish any correlation between sDEC level and
maternal age, BMI, and gestational age at blood sampling within
PTL (p ¼ 0.955, p ¼ 0.609, p ¼ 0.079, respectively) and control
groups (p ¼ 0.652, p ¼ 0.131, and p ¼ 0.921, respectively).

In PTL group, there was an association between sDEC level and
PTB before 37th gestational weeks (p ¼ 0.026), but there was not
between sDEC level and PTB within 7 days and before 34th gesta-
tional weeks (p ¼ 0.206 and 0.091, respectively) (Table 5). We did
not find any correlation between sDEC and the CL in PTL group
(p ¼ 0.056).

However, CL was associated with PTB within 7 days, before 34th
and 37th weeks of gestation in PTL group (p < 0.001, p < 0.001, and



Table 1
Demographic characteristics of the study participants.

PTL group
(n ¼ 31)

Control group
(n ¼ 44)

p

Age (years) 27.3 ± 5.06 28.9 ± 5.06 0.176
BMI (kg/m2) 27.6 ± 6.28 29.6 ± 4.58 0.113
Gravidity 1 [1e7] 2 [1e6] 0.166
Parity 1 (0e3) 1 (0e3) 0.105
Abortions 1 (0e4) 1 (0e2) 0.951
GW at blood

sampling time (GWs days)
296/7 (246/7e316/7) 292/7 (242/7e316/7) 0.771

GW: Gestational weeks, PTL: Preterm labor.

Table 2
Clinical data of the study participants.

PTL group
(n ¼ 31)

Control group
(n ¼ 44)

p

Cervical length (mm) 20 [7e24] 37 (31e44) <0.001
Serum decorin (pg/mL) 3026.2

(1724.9e6959.4)
4021.2
(1848e7709.7)

0.013

GW at delivery (GWs days) 362/7 (255/7e405/7) 383/7 (37e411/7) <0.001
Birth weight (gr) 2950 (930e4300) 3000 (1700e4150) 0.693

GW: Gestational weeks, PTL: Preterm labor.
Bold indicates significant difference of p < 0.05.

Table 3
Demographic and clinical data of study participants with pregnancies ‘lower th

PTL group
<28 weeks (n ¼ 6)

Age (years) 28 ± 5.19
BMI (kg/m2) 27.1 ± 4.52
GW at blood sampling time (GWs days) 261/7 (246/7e276/7)
Cervical length (mm) 19.5 [8e23]
Serum decorin (pg/mL) 3039.3 (1724.9e421
GW at delivery (GWs days) 33 (255/7e385/7)

GW: Gestational weeks, PTL: Preterm labor.
Bold indicates significant difference of p < 0.05.

Table 4
Demographic and clinical data of study participants with pregnancies ‘greater t

PTL group
>28 weeks (n ¼ 25

Age (years) 27.2 ± 4.87
BMI (kg/m2) 28.4 ± 6.11
GW at blood sampling time (GWs days) 302/7 (28e316/7)
Serum decorin (pg/mL) 3026.2 (1774.7e69
GW at delivery (GWs days) 371/7 (296/7e405/7)

Bold indicates significant difference of p < 0.05.

Table 5
Use of cervical length and serum decorin in ‘predicting risk of PTB’ in patients w

Serum decorin Cerv

p LR (95% CI) p

<7daysa 0.206 5.25 (0.77e35.98) <0.001
<34 GWb 0.091 6.66 (1.05e42.06) <0.001
<37 GWc 0.026 1.75 (1.0e2.9) 0.003

GW: Gestational weeks, LR: Likelihood ratio, PTB: preterm birth, PTL: Preterm
Bold indicates significant difference of p < 0.05.

a within first 7 days following the diagnosis and sample collection, and occu
b before 34th.
c before 37th gestational weeks are given.
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p ¼ 0.003, respectively). CL predicted PTB within the first week
with 100% sensitivity, 80% specificity, 54.5% positive predictive
value (PPV) (p < 0.001; LR ¼ 5.0, 95% CI, 2.3e11), before 34th
gestational weeks with 100% sensitivity, 65.2% specificity, and 50%
PPV (p < 0.001; LR ¼ 2.87, 95% CI, 1.6e5), and before 37th gesta-
tional weeks with 72% sensitivity, 77% specificity, and 81.2% PPV
(p ¼ 0.003; LR ¼ 3.13, 95% CI, 1.1e8.8).

Combination of sDEC and CL predicted PTB within the first week
with 100% sensitivity, 80% specificity, and 54.5% PPV (p < 0.001;
LR ¼ 5.0, 95% CI, 2.3e11), before 34th gestational weeks with 100%
sensitivity, 65.2% specificity, and 57.1% PPV (p < 0.001; LR ¼ 3.83,
95% CI, 1.9e7.6), and before 37th gestational weeks with 77.8%
sensitivity, 77% specificity, and 84% PPV (p ¼ 0.003; LR ¼ 3.37, 95%
CI, 1.2e9.4).

Discussion

Approximately half of the cases with PTL encounter PTB, which
is responsible from the two thirds of the neonatal mortality [17].
The frequency of PTL and thus PTB are substantially increasing and
continue to be the most important factor for neonatal morbidity
and mortality. Shortening or funneling of the cervix in the second
trimester could be easily demonstrated by ultrasonography [2].
Therefore, evaluation of the cervix with transvaginal ultrasonog-
raphy is a noninvasive and a reproducible method. Nevertheless,
an 28th week of gestation’.

Control group
<28 weeks (n ¼ 9)

p

29.3 ± 4.67 0.603
28.9 ± 4.31 0.328
264/7 (242/7e276/7) 0.026
37 (32e39) <0.001

6.1) 4016.8 (2744.8e7012.1) 0.113
381/7 (37e411/7) 0.008

han 28th week of gestation’.

)
Control group
>28 weeks (n ¼ 35)

p

28.7 ± 5.1 0.267
29.9 ± 5.42 0.185
294/7 (28e316/7) 0.816

59.4) 4025.6 (1848e7709.7) 0.043
384/7 (372/7e41) 0.020

ith PTL by ROC analysis.

ical length Cervical length þ serum decorin

LR (95% CI) p LR (95% CI)

5.0 (2.3e11) <0.001 5.0 (2.3e11)
2.87 (1.6e5) <0.001 3.83 (1.9e7.6)
3.13 (1.1e8.8) 0.002 3.37 (1.2e9.4)

labor. Occurrence of delivery.

rrence of delivery.
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measurement of the CL alone has been indicated to be insufficient
for the estimation of PTB in low risk group [18]. Biochemical
markers have been combined to the CL measurement in order to
increase the detection rate of PTB. In Preterm Prediction Study,
chance of delivery prior to 32nd week was given as 50% in patients
who have a history of PTB and a CL shorter than 25 mm together
with positive fetal fibronectin testing in cervicovaginal fluids [19].
Still, there is a need for more valuable diagnostic tools. Improved
diagnostics would help to decrease economic costs, medical
insufficiency and psychological disappointments.

Biochemical changes including modifications in the collagen
and connective tissue component of the cervix occur towards the
end of pregnancy [20,21]. Concentrations of collagen fibrils
decrease while reorganization of the collagen fibrillar network
takes place in cervical tissue prior to the labor [21,22]. Conse-
quently, we hypothesized in this study that alterations in serum
decorin (sDEC) levels could be found in women with the diagnosis
of PTL as decorin has a role in remodeling of the type I collagen of
the cervix. There were studies investigating decorin in myome-
trium, placenta, amniotic fluid, and cervical stroma [23e26]. There
were studies that have concentrated on the role of decorin in pa-
tients with preterm rupture of membranes [12e14]. However, the
role of decorin in pathophysiology of labor has not been clearly
elucidated so far. According to our best knowledge, there is no other
study, which investigates decorin levels as a serum marker in
pregnant women who bear low to moderate risk for preterm birth
in clinical obstetrics to date.

In this study, we demonstrated that sDEC levels were decreased
in patients with PTL compared to healthy pregnancies at same
gestational aged controls. This result was in accordance with the
study of Meinert et al. [27] which has investigated decorin levels in
amniotic fluid of 9 patients who delivered with cesarean section
because of inactive contractions and immature cervix, and 11 pa-
tients with spontaneous vaginal delivery. In that study, decreased
levels of decorin in amniotic fluid were determined in patients with
spontaneous delivery. Accordingly, the authors have suggested that
this feature represented a part of physiological maturation process,
in which decorin levels decreased prior to the delivery. In addition
to our previous finding, we also demonstrated sDEC levels to be
decreased in patients with PTL when we investigated pregnancies
before and after 28th gestational week. Therefore, we assume that
similar pathways lead to a decrease in sDEC levels prior to delivery
before and after 28th gestational week.

Some of the cervical proteoglycans were shown to be changed
throughout pregnancy [21]. Thus, cervical decorin is also suggested
to change with advances in time during the pregnancy. In one of
those studies, Hjelm et al. have demonstrated a 46% increase in
heparin sulphate and a 40% decrease in proteoglycans like decorin
and biglycan at cervix throughout the pregnancy [28]. They hy-
pothesized that these changes were necessary for the myometrial
contractions to happen. However, Leppert et al. have demonstrated
that decorin immunostaining increased progressively at the sub-
epithelial zone of cervical stroma of the pregnant rats as their
pregnancies advanced until term [26]. Ogita et al. also, have
investigated immunoexpression levels of decorin mRNA in cho-
riodecidual membranes during labor, and found increased decorin
mRNA immunoexpression [24]. Accordingly, they speculated that
increase in decorin mRNAwas a part of arrangement procedures of
the labor. Our results which indicated a decline in sDEC levels in
patients with PTL supported some of the previous studies but
against the study of Ogita et al. [24]. However, apart from the work
of Leppert et al. [26] we could not demonstrate a relationship be-
tween sDEC levels and gestational ages of the study participants
neither in patients with PTL nor in the healthy pregnant women.
This could be evaluated with further studies investigating
especially the correlation between the amount of systemic serum
and local decorin levels. We could say from our results that sDEC
levels do not increase with the increase in gestational age partic-
ularly between 24th and 32nd gestational weeks. In addition to the
previous findings, we showed that sDEC levels were not influenced
from maternal age and BMI neither in patients with PTL nor in
healthy pregnant women.

Previous studies have addressed a positive predictive value of
less than 50% for PTB prior to 32nd week in patients whose CL is
shortened [19,29]. Similar to them, Melamed et al. asserted a
limited value of cervical shortening in the prediction of preterm
delivery among women with threatened preterm labor [30]. Apart
from the specific aim of this research, shortening of CL < 25 mm
alone correlated with PTB in our patients with PTL. PPV of cervical
shortening for predicting PTB within a week, before 34th, and 37th
weeks of gestation were found to be 54.5%, 50%, and 81.2%,
respectively. These results were in accordance with the previous
studies.

In this study, we demonstrated an association between sDEC
and PTB before 37th gestational weeks in patients with PTL, but
there was not any association between sDEC and PTB within 7 days
and before 34th gestational weeks. It was interesting for us that we
did not find a correlation between sDEC levels and CL measure-
ments in this group. We think that these results eventuated
because of the insufficiency of quantity of the study population,
selection of the cases with low to moderate risk for PTB based on
ultrasonographic criteria, and administration of tocolytic treatment
following the diagnosis of PTL.

In conclusion, although we could talk about presence of signif-
icant reduction of sDEC levels in patients with PTL compared to
healthy pregnancies with regard to previous results in this study,
further analyses indicated that sDEC level had no effect in predic-
tion of PTB within a week or before 34th gestational weeks.
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