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Abstract

Introduction: Preterm delivery is responsible for considerable neonatal morbidity and mortality, accurate predication could decrease 
such complications different biological markers have been suggested to predict preterm labor, maternal plasma urocortin level was suggested 
as a marker. 

Methods: 100 women diagnosed with threatened preterm labor were included in the study and their blood level of urocortin was 
measured at admission time and its level was correlated with the occurrence of established preterm labor.

Results: The best cutoff criterion of plasma urocortin level was more than 365.2 pg/ml with sensitivity at 87% (CI: 73.7 – 95.1) and 
specificity of 100% (CI: 93.4 – 100). Followingly the positive predictive value for this cutoff point (>365.2 pg/ml) was 100% (CI: 91.2 – 100) 
& the negative predictive value was 90% (CI: 79.5 – 96.2). 

Conclusion: Our study showed that maternal plasma urocortin can be used for prediction of preterm delivery as an independent factor.
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Introduction

Preterm labor is the single most important complication 
of pregnancy in the absence of congenital abnormality, as it 
is recognized as a worldwide problem responsible for more 
than 80% of neonatal deaths and more than 50% of long term 
morbidity in the surviving infants [1]. Recent screening strategies 
for preterm delivery have focused on early identification of 
patients at risk, enable an earlier intervention for preterm labor. 
That is why it was extremely important to establish a reliable 
predictor for preterm birth to plan the management strategy.

The use of biologic markers to enhance clinical accuracy in 
predicting preterm birth and to identify those women at risk has 
been proposed In this context, placenta and fetal membranes 
are key tissues in the response to infection and in activating 
the inflammatory pathways leading to PTD through the up-
regulation of chemokines, cytokines, and corticotropin releasing 
hormone (CRH), which involves urocortins as well [2]. Urocortin 
– a novel peptide of the corticotrophin releasing factor family 
is expressed by gestational tissues such as amnion, chorion, 
decidua, trophoblast, and myometrium and is measurable in 
maternal and fetal circulation showing stable concentrations in 
maternal plasma from the first to third trimesters of pregnancy 
[3]. The aim of this study is to evaluate maternal urocortin 
level as a predictive value in pregnant women with threatened 
preterm labor.

Patients and Methods

This prospective study was conducted partially at Ain Shams 
University Maternity Hospital and El-Galaa Maternity Teaching 
Hospital after approval of the research and ethics committee 
during the period from December 2013 until January 2015. This 
study included 100 pregnant women with singleton pregnancies 
between 28 and 34 completed weeks of gestation that have 
been diagnosed with threatened preterm labor and who had 
consented to participate in this study.

All patients were subjected to: A detailed history abdominal 
examination to assess uterine contractions and their regularity 
if present as well as to assess the fundal level. P/V examination 
was done to assess the cervix regarding dilatation or effacement 
levels as well as to check for intactness of membranes. 
Ultrasound upon admission to confirm: Gestational age, Amount 
of liquor, Singleton pregnancy, Presence of any fetal anomalies. 
All Patients involved in this study fulfilled the following criteria: 
age between 18-35 years, gestational age from 28 weeks to 34 
weeks confirmed by sure history of last menstrual period and 
first trimestric ultrasound, singleton pregnancy. Criteria for 
threatened preterm labor in according to Creasy and Herron 
criteria of preterm labor: The diagnosis of preterm labor should 
be made if uterine contractions occur at a frequency of four per 
20 minutes or eight per 60 minutes and are accompanied by one 
of the following: PROM, cervical dilatation greater than 2cm, 
effacement exceeding 50 percent or a change in cervical dilatation 
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or effacement detected by serial examinations [4]. Excluded 
from the study: Pregnant women with history of any medical or 
systemic diseases, patient with risk factors as polyhydramnios, 
past history of preterm labor, multiple pregnancy.

All patients were notified by the nature of this study and verbal 
consents were obtained from the patients prior to involvement 
upon admission into the Maternity Hospital. All women who 
are diagnosed with threatened preterm labor (28 - 34 weeks) 
were enrolled in this study. Serum samples were collected 
from all women before any intervention such as tocolysis or 
administration of steroids. All women were sampled once at the 
time of admission. Routine laboratory investigations included 
complete blood count using Sysmex21 k, C reactive protein using 
latex agglutination test and complete urine analysis. Samples of 
10 ml blood will be collected from each subject: 2 ml of which 
will be put on EDTA to perform CBC and 3 ml will be left to clot, 
serum obtained will be collected and the remaining laboratory 
test will be performed.

Blood samples were collected in a chilled 4 ml heparinized 
monovette and gently mixed several times. The samples were 
then transferred to a centrifuge tube and were centrifuged at 
1600 rpm for 15 min at 4 °C. The supernatant was then removed 
and if precipitation appeared, a second round of centrifugation 
occurred. Plasma samples were stored at −70°C until assay. 
Urocortin concentrations were then measured using ELISA. The 
range of the urocortin assay kit is 1nmol/L - 50nmol/L. This took 
place in the biochemistry department in Ain Shams University.

Urocortin measurement: plasma urocortin level will be 
assayed using EIA kit (phoenix pharmaceutical) according to the 
manufacturer instructions. We will add calibrators and samples 
(50µl) to 96 well immune plates coated with biotinylated goat 
anti-rabbit IgG (Capture antibodies). We then add 25 µl of rabbit 

polyclonal antihuman urocortin serum (detection antibody) and 
an equal volume of biotinylated antibody to each well will be 
added and incubated the plate for two hours at room temperature. 
The well will be washed with assay buffer, and streptavidin 
conjugated horseradish peroxidase will be added, and again will 
be incubated for 1 hour at room temperature. The well will be 
washed with substrate solution (3, 5, tetramethylbenzidine) and 
will be incubated for 1 hour at room temperature. The reaction 
will be stopped by adding 2mol/l HCL and the absorbance will be 
read at 450 nm. Quantification of the unknown samples will be 
achieved by comparing their absorbance with a reference curve 
prepared with known standard concentrations.

Statistical Methods

Data were analyzed using IBM© SPSS© Statistics version 
22 (IBM© Corp., Armonk, NY, USA) and MedCalc© version 14 
(MedCalc© Software bvba, Ostend, Belgium). Demographic 
criteria of the studied group are shown in Table 1, The analysis 
using unpaired T test revealed that there was no statistical 
significant difference between the 2 groups (p = 0.8) as shown 
in Table 2. The plasma urocortin level among the sample had a 
mean 320 pg/dl with standard deviation of 164.5 as shown in 
Figure 1. The plasma urocortin level showed highly statistical 
significant difference (p<0.000) group A had a mean of 198.3 
± 70.9 while group B had a significantly higher mean 464.7 ± 
120 pg/ml, (Figure 2). There is an inverse correlation between 
plasma urocortin level and the onset of PTL to delivery time 
and it is highly significant (Figure 3 & Table 3). The ROC curve 
analysis was done using DeLong method to assess the prediction 
power of plasma urocortin level, CRP level & WBC for the 
delivery within 7 days. Only the Plasma Urocortin level showed 
significant ROC curve with high area under the curve (p<0.000, 
AUC=0.9) with confidence interval of 0.9 to 1.

Table 1: Characteristics of the whole study population.

Variable Metric

Age (years) 26.3 (4.2)

BMI (kg/m2) 23.0 (2.3)

Parity 1 (0 – 2)

Number of previous abortions 0 (0 – 1)

Gestational age at onset of PTL (weeks) 30.4 (1.6)

Gestational age at onset of PTL (days) 212.7 (11.4)

Hemoglobin level (g/dl) 11.8 (1.2)

CRP (mg/dl) 3.5 (1.6)

WBC count (*1,000/mm3) 7.9 (1.3)

White cell count in urine (cells/HPF) 5 (3 – 5)

Plasma urocortin level (pg/ml) 320.8 (164.5)

Onset of PTL to delivery time (days) 9.4 (9.3)

Gestational age at delivery (weeks) 31.7 (2.1)

Gestational age at delivery (days) 222.1 (14.5)

Preterm delivery 99 (99%)

Delivery within 7 days 46 (46%)

Data are presented as mean (SD), median (interquartile range), or number (%).
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Table 2: Comparison of patients who delivered within 7 days and those who delivered after 7 days from the onset of PTL.

Variable Delivered after 7 days (n=54) Delivered within 7 days (n=46) p-value

Age (years) 26.3 (4.6) 26.4 (3.8) 0.857¶

BMI (kg/m2) 23.0 (2.5) 22.9 (2.2) 0.854¶

Parity 1 (0 – 2) 1 (0 – 1) 0.299§

Number of previous abortions 0 (0 – 1) 1 (0 – 2) 0.133§

Gestational age at onset of PTL (weeks) 30.4 (1.6) 30.4 (1.7) 0.949¶

Gestational age at onset of PTL (days) 212.6 (11.0) 212.7 (12.0) 0.949¶

Hemoglobin level (g/dl) 11.7 (1.2) 11.9 (1.3) 0.624¶

WBC count (*1,000/mm3) 7.8 (1.3) 8.0 (1.3) 0.456¶

CRP (mg/dl) 3.4 (1.7) 3.5 (1.5) 0.636¶

White cell count in urine (cells/HPF) 5 (4 – 5) 4 (3 – 5) 0.018§

Plasma urocortin level (pg/ml) 198.3 (70.9) 464.7 (120.1) <0.0001¶

Onset of PTL to delivery time (days) 16.0 (8.1) 1.7 (1.4) <0.0001¶

Gestational age at delivery (weeks) 32.7 (1.9) 30.6 (1.7) <0.0001¶

Gestational age at delivery (days) 228.6 (13.2) 214.4 (12.1) <0.0001¶

Data are presented as mean (SD) or median (interquartile range).

¶Unpaired t test

§Mann-Whitney test

Inferential statistical analysis for the sample divided into 2 groups, those who delivered after 7 days 54 patients and those delivered within 7 days 
46 patients referred to as group A referred to as group B using Mann Whitney test or Unpaired t test.

Table 3: Correlation between plasma urocortin level and various quantitative variables in the whole study population, in those who delivered 
within 7 days, and in those who delivered after 7 days from the onset of PTL. 

Plasma urocortin

Variable All study population (n=100) Delivered after 7 days (n=54) Delivered within 7 days (n=46)

Age R 0.052 0.181 -0.029

p-value 0.610 0.190 0.846

BMI R 0.057 0.094 0.160

p-value 0.571 0.500 0.289

Parity Rho (ρ) -0.028 0.123 0.018

p-value 0.778 0.377 0.908

Number of previous abortions Rho (ρ) 0.068 0.075 -0.227

p-value 0.499 0.591 0.129

Gestational age at onset of PTL R 0.035 0.110 0.017

p-value 0.727 0.429 0.913

Hemoglobin level R 0.023 0.033 -0.069

p-value 0.820 0.812 0.649

WBC count R 0.011 0.214 -0.302

p-value 0.913 0.120 0.041

CRP R 0.042 -0.154 0.127

p-value 0.677 0.267 0.400

White cell count in urine Rho (ρ) -0.213 -0.111 0.017

p-value 0.033 0.423 0.912

Onset of PTL to delivery time R -0.753 -0.493 -0.657

p-value <0.0001 0.0002 <0.0001

Gestational age at delivery R -0.456 -0.210 -0.059

p-value <0.0001 0.128 0.695

R: Pearson correlation coefficient; Rho (ρ): Spearman correlation coefficient.
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Figure 1: Distribution of plasma urocortin level in the whole study 
population. Rounded markers represent individual observations. 
Squared markers with traversing horizontal line represent the 
mean. Error bars represent ±1 standard deviation limits.

Figure 2: Plasma urocortin level count in patients who delivered 
within 7 days and those who delivered after 7 days from the 
onset of PTL.

Figure 3: Scatter plot showing the correlation between plasma 
urocortin level and the onset of PTL to delivery time. Fitted line 
represents the locally estimated scatter plot smoothing (LOESS) 
trend line. This correlation was inversely correlated with highly 
statistical significance among the 2 groups

The best cutoff criterion of plasma urocortin level was more 
than 365.2 pg/ml with sensitivity at 87% (CI: 73.7 – 95.1) and 
specificity of 100% (CI: 93.4 – 100). Followingly the positive 
predictive value for this cutoff point (>365.2 pg/ml) was 100% 
(CI: 91.2 – 100) & the negative predictive value was 90% (CI: 
79.5 – 96.2). The CRP level & WBC count level didn’t have any 
significant ROC curve (p=0.6 & p=0.4) for the prediction of the 
delivery within 7 days (Table 4). The cutoff point of plasma 
urocortin level was more than 365.2 pg/ml with sensitivity at 
87% (CI: 73.7 – 95.1) and specificity of 100% (CI: 93.4 – 100). 
Followingly the positive predictive value for this cutoff point 
(>365.2 pg/ml) was 100% (CI: 91.2 – 100) & the negative 
predictive value was 90% (CI: 79.5 – 96.2). The ROC curve for 
the plasma urocortin level had an area under the curve of 0.956 
with highly statistical significance p<0.000 (Figure 4).

Table 4: Receiver-operating characteristic (ROC) curve analysis for the prediction of delivery within 7 days using plasma urocortin level, CRP 
level, or the WBC count.

Predictor

ROC index Urocortin CRP WBC

Area under the ROC curve (AUC) 0.956 0.528 0.549

95% CI for AUC 0.911 to 1.000 0.416 to 0.640 0.434 to 0.663

p-value (AUC0=0.5)¶ <0.0001 0.619 0.406

Youden index (J) 0.870 0.081 0.141

Associated criterion >365.2 pg/ml >2 mg/dl >9.1*103/mm3

Sensitivity (%) 87.0 67.4 32.6

95% CI of sensitivity 73.7 - 95.1 52.0 - 80.5 19.5 - 48.0

Specificity (%) 100.0 40.7 81.5

95% CI of specificity 93.4 – 100.0 27.6 – 55.0 68.6 – 90.7

Positive predictive value (PPV) (%) 100.0 49.2 60.0

95% CI for PPV 91.2 - 100.0 36.4 - 62.1 38.7 - 78.9

Negative predictive value (NPV) (%) 90.0 59.5 58.7

95% CI for NPV 79.5 - 96.2 42.1 - 75.2 46.7 - 69.9

¶DeLong method.
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Figure 4: Receiver-operating characteristic (ROC) curve for the 
prediction of delivery within 7 days using plasma urocortin level.

The age in years, BMI, number of previous deliveries, 
the gestational age in weeks, the WBC count and WBC count 
in urine, CRP level were all insignificant predictors for the 
delivery within 7 days. The number of previous delivery had 
a significant statistical prediction power for the delivery 
within 7 days (p=0.03) the Beta coefficient as 1.27. The odds 
ratio of number previous delivery was 3.56 (CI: 1.11 – 11.41) 
.The plasma urocortin level had a statistical highly significant 
prediction power for the delivery within 7 days (p<0.000) the 
Beta coefficient was 0.03. The odds ratio of the plasma urocortin 
level was 1.03 (CI: 1.02 to 1.05) (Table 5).

Table 5: shows the results of the multivariate binary logistic regression for the binary outcome of delivery within 7 days.

Variable B SE p-value Odds ratio 95% CI for odds ratio

Age (years) -0.05 0.14 0.702 0.95 0.72 to 1.25

BMI (kg/m2) -0.28 0.22 0.197 0.76 0.49 to 1.16

Number of previous deliveries -0.68 0.52 0.196 0.51 0.18 to 1.42

Number of previous abortions 1.27 0.59 0.033 3.56 1.11 to 11.41

Gestational age (weeks) -0.41 0.34 0.228 0.66 0.34 to 1.29

WBC count (*1,000/mm3) 0.34 0.37 0.354 1.41 0.68 to 2.93

WBC count in urine (cells/HPF) -0.84 0.48 0.083 0.43 0.17 to 1.12

CRP, mg/dl 0.17 0.34 0.621 1.18 0.61 to 2.32

Urocortin (pg/ml) 0.03 0.01 <0.0001 1.03 1.02 to 1.05

Constant 10.24

B: Regression Coefficient; SE: Standard Error.

Discussion

This prospective study conducted at both Ain Shams 
University Hospital & El-Galaa Maternity Hospital was done 
to measure the maternal plasma urocortin level evaluate 
its accuracy in predicting preterm delivery in women with 
threatened preterm labor. The preterm delivery occurred in 99 
patients (99%) and the delivery within 7 days occurred in 46 
patients (46%). The ROC curve analysis was done using DeLong 
method to assess the prediction power of plasma urocortin level, 
CRP level & WBC for the delivery within 7 days. Only the Plasma 
Urocortin level showed significant ROC curve with high area 
under the curve (p<0.000, AUC=0.9) with confidence interval of 
0.9 to 1.

The best cutoff criterion of plasma urocortin level was more 
than 365.2 pg/ml with sensitivity at 87% (CI: 73.7 – 95.1) and 
specificity of 100% (CI: 93.4 – 100). Followingly the positive 
predictive value for this cutoff point (>365.2 pg/ml) was 100% 
(CI: 91.2 – 100) & the negative predictive value was 90% (CI: 
79.5 – 96.2). The CRP level & WBC count level didn’t have any 
significant ROC curve (p=0.6 & p=0.4) for the prediction of the 
delivery within 7 days.

The ROC curve using DeLong method for the CRP level didn’t 
show any statistical significant curve (p=0.6) and the area under 

curve was 0.52. The sensitivity was 67.4% (CI: 27.6 – 55) & 
the specificity was 40.7% (CI: 36.4 – 62.1) at more than 2 mg/
dl. Similarly the ROC curve for the WBC count didn’t show any 
statistical significant curve (p=0.4) and the area under the curve 
was 0.54. The sensitivity was 32.6% (CI: 19.5 – 48) and the 
specificity was 81.5% (CI: 68.6 – 90.7) at more than 9.1 *103 /
mm3.

The results of the multivariate binary logistic regression for 
the binary outcome of delivery within 7 days showed that the 
age in years, BMI, number of previous deliveries, the gestational 
age in weeks, the WBC count and WBC count in urine, CRP level 
were all insignificant predictors for the delivery within 7 days. 
The number of previous delivery had a significant statistical 
prediction power for the delivery within 7 days (p=0.03) the Beta 
coefficient as 1.27. The odds ratio of number previous delivery 
was 3.56 (CI: 1.11 – 11.41). The plasma urocortin level had a 
statistical highly significant prediction power for the delivery 
within 7 days (p<0.000) the Beta coefficient was 0.03. The odds 
ratio of the plasma urocortin level was 1.03 (CI: 1.02 to 1.05).

To conclude, our study showed that maternal plasma 
urocortin can be used for prediction of preterm delivery as an 
independent factor. Even after adjusting the study and taking into 
consideration other factors that could influence the area under 
the curve. Our study still showed high predictive powers, and 
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with the use of those other factors a better predictive outcome 
was achieved. The study of Florio et al. [5] was conducted for 
the prediction of preterm delivery based on maternal plasma 
urocortin. The study measured the plasma levels of urocortin 
in women with threatened preterm labor to evaluate whether 
the measurement may predict preterm labor. This observational 
study included 85 women with singleton pregnancies between 
28-34 completed gestational weeks with threatened preterm 
labor and the pregnancy outcome and evaluation of sensitivity, 
specificity, and predictive values of urocortin as a diagnostic test 
for preterm delivery were measured. Thirty of the 85 patients 
(35.3%) had preterm delivery within 7 days from admission, 
whereas the remaining delivered later. Urocortin was found to be 
significantly higher in women who delivered preterm (median 
131.2pg/ml, with an interquartile interval of 115.1-139.4 pg/ml) 
than those who progressed to term delivery (median 95.4pg/ml, 
with an interquartile interval of 124.8 – 141.2 pg/ml). Receiver 
operating characteristic curve analysis revealed that urocortin at 
the cut-off of 113.9 pg. /ml had sensitivity of 80% & specificity 
of 100%, positive predictive value of 100%, and negative 
predictive value of 90% as a marker for preterm delivery. The 
conclusion was that maternal plasma urocortin concentration is 
increased in patients with threatened preterm labor, who have 
preterm delivery, and its measurement may be a promising new 
biochemical marker of preterm delivery [3,5].

Abdullah et al. [6] conducted a study that focused on 
amniotic fluid urocortin-1 concentrations for the prediction of 
preterm delivery. The aim of this study was to analyze whether 
urocortin-1 concentrations in midtrimester amniotic fluid 
could serve as an indicative marker of preterm labor. This 
was a retrospective cohort study that measured urocortin-1 
concentrations in midtrimester amniotic fluid of 22 pregnant 
women with preterm deliveries and 45 women who delivered at 
term using enzyme-linked immunosorbent assay. This is similar 
to our study in that the urocortin was also measured using the 
enzyme-linked immunosorbent assay. The median amniotic 
fluid urocortin-1 concentration was significantly lower in the 
women with preterm birth (40.06 pg/ml; range 13.77-67.58) 
than in the women who gave birth at term (49.56 pg/ml; range 
26.25-175.9 pg/ml; P = 0.022). The study showed a sensitivity 
of 81.8%, specificity of 40.0%, and a positive predictive value 
of 40%. These results show that low urocortin-1 concentration 
in midtrimester amniotic fluid could be used as an indicative 
marker of preterm birth. This finding is coherent with our study 
regarding the fact that urocortin can be used as a predictive 
marker for preterm delivery, but differs somewhat regarding 
the values. These findings suggest that the lower the urocortin-1 
concentrations in the amniotic fluid (<40.06 pg/ml), the higher 
the chance for preterm delivery to occur.

Another study was done by Iavazzo et al. [7]. This was a general 
study that aimed to assess the role of urocortin in gynecological 
and obstetrical conditions. The study objective was to assess the 
possible role of urocortin in different conditions, which included 

preterm labor. This study involved conducting a MEDLINE search 
that was commenced with the terms “urocortin” “preterm labor” 
“placenta” “plasma” “amniotic fluid”. Seventy-three articles 
were found to be relevant on the field and the potential role of 
urocortin in those conditions was presented. The amounting data 
derived from these articles suggested that urocortin could play 
a significant role in maintenance of placental function and labor. 
It was noted that further investigation on the field is necessary 
in order to confirm. For example, McLean et al. proposed the 
theory of the ‘CRH placental clock’ which could determine the 
duration of gestation and the timing of parturition & delivery [8]. 
Also, Torricelli et al. [9] revealed that levels of CRF & urocortins 
were lower when comparing post-term with term pregnancies 
out of labor. In conclusion, the data suggested that urocortin 
could play a significant role in human reproduction as well as in 
initiation, maintenance, and termination of pregnancy. Urocortin 
was found to have a major role in human placenta by stimulating 
ACTH, prostaglandins, and activing a secretion and by regulating 
placental vessel resistance to blood flow. It was evident by Glynn 
et al. [10], that levels of maternal plasma urocortin were higher 
at labor than those during pregnancy, and for that reason they 
suggested that urocortin is involved in the mechanisms of labor 
by promoting myometrial contractility. They concluded that 
urocortin provided a high predictor for the duration of gestation, 
and that further investigation on the field is necessary to clarify 
the physiological pathways in which this molecule participates. 
These findings are coherent with our study.

Our limited study showed that plasma urocortin can indeed 
be used as a predictive marker for preterm labor with a good 
predictive value as evidenced by a significant area under the 
ROC curves. Our study helped us conclude that urocortin 
can be used as an independent factor or in combination with 
other statistically significant factors to help in the prediction 
of preterm delivery. Even after adjusting the study and taking 
into consideration other factors that could influence the area 
under the curve, our study still showed high predictive powers 
for the urocortin as an independent factor for preterm delivery 
prediction. Urocortin can influence the time to event (in our case, 
the time to preterm delivery). The fact that it can be obtained 
through a blood sample gives it high applicability.
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