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Introduction

Preterm birth (PTB), or delivery before 37 weeks of gesta-
tion, is a major obstetric issue in developed countries, being 
responsible for most neonatal mortality and a considerable 
proportion of long-term neurological problems (1). Despite 
significant efforts to elucidate the molecular mechanisms 
that cause PTB, its etiology remains unclear (2). It has been 
proposed that there are certain proinflammatory mediators, 
including granulocyte colony-stimulating factor (G-CSF), that 
are involved in the mediation of events leading to PTB devel-
opment (3-5). G-CSF is a hematopoietic cytokine affecting 
the proliferation, differentiation, and survival of neutrophil 
progenitors. G-CSF and its receptor (G-CSFR), which medi-
ates its activity, are expressed at the maternal-fetal interface 
(6), G-CSF being produced by the placenta (7) and G-CSFR 
being present on trophoblast cells. G-CSF is believed to have 
an important role in pregnancy outcomes through the regula-
tion of placentation (6).
Increased levels of G-CSF have been found in preterm infant 
serum in comparison with infants who are born at term (3). 

According to Seremak-Mrozikiewicz et al. (4), with a small 
number of cases, G-CSF levels in amniotic fluid were found 
not to differ between full-term and preterm pregnancies, 
although a relationship between maternal serum and amniot-
ic fluid G-CSF levels and infection in utero was demonstrated. 
Plasma G-CSF level samples from 24 to 28 weeks of preg-
nancy were found to be a predictor of spontaneous PTB for 
deliveries earlier than 32 weeks of pregnancy (5). It is unclear 
whether increased G-CSF at 24-28 weeks is indicative of an 
acute influence or a cumulative influence of inflammation in 
the development of PTB or whether G-CSF makes a contribu-
tion as an indicator of disease progression. Another study (8) 
showed an association of PTB with high serum G-CSF levels 
at the beginning of the second trimester, implying that PTB 
may be the result of events starting early in pregnancy, if not 
before. 
In this study, we planned to investigate differences in plasma 
granulocyte colony-stimulating factor between consecutive 
spontaneous preterm births and births that were delivered at 
term in healthy pregnant women, who were screened rou-
tinely at 24-28 weeks of gestation. 
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Material and Methods

This study was conducted between January 2011 and July 2011 
in our perinatology clinic. Ethics approval was obtained from 
our institutional review board. Informed consent was given by 
all study participants. The study was designed as a prospective 
case-control study. PTB was defined as a delivery that occurs 
before the 37th week of gestation (9, 10). Inclusion criteria in 
the study group were singleton pregnancies with a diagnosis of 
preterm labor leading to preterm birth at or before 37 weeks of 
gestation. Women who had preterm premature membrane rup-
ture (P-PROM), clinical signs of intrauterine infection (uterine 
tenderness, fetal or maternal tachycardia, maternal fever, etc.), 
or bacterial infection in the cervical/vaginal culture were not 
included in the study or control groups. Also, women who had 
a history of maternal cardiac disease, cervical incompetence, 
cervical cerclage or conization, fetal anomaly, or vaginal bleed-
ing were excluded from the study and control groups. 
A total of 600 singleton pregnant women were screened at 
24-28 weeks of gestation and routinely followed up at the out-
patient clinic until delivery. Demographic values of all pregnant 
women were recorded. Forty pregnant women delivered their 
infants spontaneously after preterm labor before 37 weeks of 
gestation. Also, 120 pregnant women were selected as a control 
group among these 560 women via a simple random sampling 
method, who delivered their infants after 37 weeks of gestation. 
All participants had 24-28-week plasma samples available for 
granulocyte colony-stimulating factor analysis. 
For both groups, maternal blood samples were collected at 24-28 
weeks of gestation during a routine prenatal screening program 
in the outpatient clinic. Venous blood samples from patients 
were collected into sterile, silicone-coated tubes, centrifuged, 
and stored at -70°C. Maternal serum G-CSF levels were measured 
with the G-CSF Human Enzyme-Linked Immunosorbent Assay 
(ELISA) kit (Novex®; Invitrogen, Los Angeles, USA). 
The Statistical Package for the Social Sciences 14.0 (SPSS Inc.; 
Chicago, IL, USA) statistical package was used for the statisti-
cal analysis. Descriptive statistical methods (mean, standard 
deviation), as well as a comparison of quantitative data, Mann-
Whitney U-test, chi-square test, and Student’s t-test, were used 
for the determination of differences between the two groups. 
Statistically significant levels for the tests were set at a p value 
<0.05. Spearman’s rank correlation coefficient rho was used 
for the correlation study.

Results

The characteristics of 160 women and the comparison of the 
two groups are shown in Table 1. The difference of the mean 
age of the women between groups was not statistically signifi-
cant (p=0.8). There were no significant differences in maternal 
serum G-CSF levels between groups (p=0.28). 
Smoking status was different between cases of PTB and full-
term pregnancies, but a statistically significant difference was 
not found (p=0.284). 
ROC curve analysis was performed for the prediction of PTB, 
but unfortunately, the area under the curve was 0.419, and 

G-CSF was found to be insufficient for the prediction of PTB. 
Therefore, there was no need to calculate the sensitivity and 
specificity of this marker for PTB birth (Figure 1). 
As expected, there was a significant difference between the 
study and control groups in the requirement for neonatal inten-
sive care. We observed ratios of 47.5% versus 0% in the study 
and control groups, respectively (p=0.03). 
In the preterm and term groups, no correlation was found 
between WBC and G-CSF (p=0.165 vs. p=0.703) (Table 2). 

Table 1. Characteristics of values in the overall population 
and comparison between the two 

 Preterm Term 
 (n=40) (n=120) p value

Age (years) 27.7±5.9 27.4±4.8 0.821a

Height (cm) 161.2±4.26 161.4±6.13 0.866a

Weight (kg) 70.8±9.48 67.37±10.68 0.128a

Birth weight (gr) 2065±883 3590±408 0.00b*

Birth week (weeks) 32±3.98 39.5±1.38 0.00b*

G-CSF 25.43±1.42 25.77±1.39 0.28a

WBC 13.2±5.65 9.8±2.4 0.00b*
aIndependent-sample t-test, bMann-Whitney U-test

Values as mean±standard deviation (SD) or median±interquartile 
range (IQR)

*Significant if p<0.05

G-CSF: granulocyte colony-stimulating factor; WBC: white blood cell

Table 2. Correlation in both groups for WBC and G-CSF

 rho p

Preterm 0.224 0.165

Term -0.62 0.703

Spearman’s correlation coefficient used.

G-CSF: granulocyte colony-stimulating factor; WBC: white blood cell

Figure 1. ROC curve analysis for G-CSF
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Discussion

Preterm labor still represents one of the major obstetric prob-
lems in developed countries and leads to poor results for the 
pregnancy and for the newborn’s outcome. For reducing the 
proportion of preterm births and for their prediction, our efforts 
seem to be insufficient, even though, according to the literature, 
many studies on this topic have been conducted previously. 
G-CSF is a marker associated with inflammatory processes 
(11). Recent studies suggest that the majority of early spontane-
ous preterm births is associated with, and probably caused by, 
bacterial infection within the chorion-decidual interface (12). 
This infection causes an inflammatory response modulated 
by various cytokines, one of which is G-CSF (13), and elevated 
levels have also been observed in association with many other 
types of inflammatory processes. 
We proposed to evaluate any differences in G-CSF levels 
between term- and preterm-delivered pregnant women. In the 
literature, some studies, such as Goldenberg et al., observed 
higher serum levels of G-CSF in early preterm-delivered patients 
(5), although other studies could not find any difference in 
serum levels of G-CSF between preterm- and term-delivered 
women (4). In our study, we observed no significant differences 
in serum levels of G-CSF at 24-28 weeks of pregnancy between 
term- and preterm-delivered women. It is well known that 
infection may cause an increase in maternal serum and amni-
otic fluid G-CSF values. In a literature search, the existence of 
G-CSF was described during clinically diagnosed intra-amniotic 
infection in amniotic fluid (14-17), and its relationship to labor 
was reported as either increased serum levels of G-CSF or 
no difference between term- and preterm-delivered patients 
(4, 5). In our study, any participant with any sign of infection 
was excluded in order to eliminate a bias in G-CSF levels. We 
considered an insufficiency in our study to be that G-CSF levels 
were evaluated only in maternal serum, not in amniotic fluid or 
in umbilical cord blood. It may have provided different results if 
a detailed examination of G-CSF levels was performed in body 
fluids, making it easier to determine any relationship between 
infection and serum G-CSF levels leading to preterm birth. 
White blood cell count is increased in pregnancy (18). 
Leukocytosis, occurring during pregnancy, is due to the physi-
ologic stress induced by the pregnant state (19). A normal WBC 
value for third trimester is between 5.6 to 16.9x103/mm3 (20). 
In our study, white blood cell count was significantly higher in 
preterm-delivered women compared to term-delivered partici-
pants, although no significant correlation was found between the 
two parameters in either the term- or preterm-delivered groups, 
even though we excluded patients who had any sign of infec-
tion. These differences were not considered clinically significant, 
because it was in the normal range for the pregnancy state. 
A weakness of our study was the limited number of subjects 
fulfilling the inclusion criteria. 
In conclusion, we found no differences in serum levels of 
G-CSF between term- and preterm-delivered pregnant women. 
Previous studies on this issue in the literature are conflicting. 
All of the findings above suggest that a predictive role of serum 
G-CSF in PTB is questionable. Therefore, we consider that to 

reach a definitive conclusion, further studies should be per-
formed to evaluate the conflicting results on the relationship 
between G-CSF levels and preterm and term labor. 

Ethics Committee Approval: Ethics committee approval was received 
for this study from the Institutional Review Board.

Informed Consent: Written informed consent was obtained from 
patients who participated in this study. 

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - Ç.K., M.U.; Design - Ç.K., M.U.; 
Supervision - M.U., B.S.Ü; Resource - Ç.K.; Materials - Ç.K., B.S.Ü.; Data 
Collection&/or Processing - Ç.K., İ.A., P.K.; Analysis&/or Interpretation 
- B.S.Ü., Y.Y.; Literature Search - P.K., K.T.; Writing - B.S.Ü., Y.Y.; Critical 
Reviews - M.U., İ.A., K.T.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received 
no financial support.

References

1.  Brankovic S, Hadriomerovic AM, Rama A, Segalo M. Incidence of 
morbidity and mortality in premature infants at the Department 
of Neonatal Intensive Care of Pediatric Clinic, Clinical Center of 
Sarajevo Unviersity. Med Arch 2013; 67: 286-8. [CrossRef]

2. Khazaei HA, Teymuri B, Nakhaei A, Mohammadi M, Noura M, 
Khazaei A, et al. Evaluation of haptoglobin phenotypes in associa-
tion with clinical features of patients suffered from preterm labor 
disease. Acta Med Iran 2014; 52: 106-10.

3.  Taylor BD, Holzman CB, Fichorova RN, Tian Y, Jones NM, Fu W, 
Senagore PK. Inflammation biomarkers in vaginal fluid and pre-
term delivery. Hum Reprod 2013; 28: 942-52. [CrossRef]

4.  Seremak-Mrozikiewicz A, Lorenc A, Barlik M, Łukaszewski T, 
Sieroszewski P, Kraśnik W, Drews K. Concentration of selected 
cytokines in women with premature rupture of membranes and 
preterm delivery--preliminary study. Ginekol Pol 2011; 82: 576-84.

5.  Goldenberg RL, Andrews WW, Mercer BM, Moawad AH, Meis PJ, 
Iams JD, et al. The preterm prediction study: Granulocyte colony-
stimulating factor and spontaneous preterm birth. National Institute 
of Child Health and Human Development Maternal-Fetal Medicine 
Units Network. Am J Obstet Gynecol 2000; 182: 625-30. [CrossRef]

6.  McCracken SA, Grant KE, MacKenzie IZ, Redman CW, Mardon HJ. 
Gestational regulation of granulocyte-colony stimulating factor 
receptor expression in the human placenta. Biol Reprod 1999; 60: 
790-6. [CrossRef]

7.  Li Y, Calhoun DA, Polliotti BM, Sola MC, al-Mulla Z, Christensen 
RD. Production of granulocyte colony-stimulating factor by the 
human placenta at various stages of development. Placenta 1996; 
17: 611-7. [CrossRef]

8.  Whitcomb BW, Schisterman EF, Luo X, Chegini N. Maternal serum 
granulocyte colony-stimulating factor levels and spontaneous pre-
term birth. J Womens Health (Larchmt) 2009; 18: 73-8. [CrossRef]

9.  Spong CY. Defining “term” pregnancy: Recommendations from the 
Defining “Term” Pregnancy Workgroup. JAMA 2013; 309: 2445-6. [CrossRef]

10.  The American College of Obstetricians and Gynecologists 
Committee on Obstetric Practice Society for Maternal-Fetal 
Medicine. Committee Opinion No 579: Definition of term preg-
nancy. Obstet Gynecol 2013; 122: 1139. [CrossRef]

11.  Choi SS, Lee HJ, Lim I, Satoh J, Kim SU. Human astrocytes: 
Secretome profiles of cytokines and chemokines. PLoS One 2014; 
1: e92325. [CrossRef]

J Turk Ger Gynecol Assoc 2014; 15: 208-11
Kılıç et al.
G-CSF levels in term and preterm delivery210

http://dx.doi.org/10.5455/medarh.2013.67.286-288
http://dx.doi.org/10.1093/humrep/det019
http://dx.doi.org/10.1067/mob.2000.104210
http://dx.doi.org/10.1095/biolreprod60.4.790
http://dx.doi.org/10.1016/S0143-4004(96)80079-8
http://dx.doi.org/10.1089/jwh.2008.0883
http://dx.doi.org/10.1001/jama.2013.6235
http://dx.doi.org/10.1097/01.AOG.0000437385.88715.4a
http://dx.doi.org/10.1371/journal.pone.0092325


12.  Edwards RK, Ferguson RJ, Reyes L, Brown M, Theriaque DW, Duff 
P. Assessing the relationship between preterm delivery and various 
microorganisms recovered from the lower genital tract. J Matern 
Fetal Neonatal Med 2006; 19: 357-63. [CrossRef]

13.  Luster AD. Chemokines--chemotactic cytokines that mediate 
inflammation. N Engl J Med 1998; 338: 436-45. [CrossRef]

14.  Kacerovsky M, Celec P, Vlkova B, Skogstrand K, Hougaard DM, 
Cobo T, Jacobsson B. Amniotic fluid protein profiles of intraamni-
otic inflammatory response to Ureaplasma spp. and other bacteria. 
PLoS One 2013; 8: e60399. [CrossRef]

15.  Matsumoto A, Hatta T, Ono A, Hashimoto R, Otani H. Stage-specific 
changes in the levels of granulocyte-macrophage colony-stimu-
lating factor and its receptor in the biological fluid and organ of 
mouse fetuses. Congenit Anom (Kyoto) 2011; 51: 183-6. [CrossRef]

16.  Klein C, Strobel J, Zingsem J, Richter RH, Goecke TW, Beckmann 
MW, et al. Ex vivo expansion of hematopoietic stem- and pro-

genitor cells from cord blood in coculture with mesenchymal 
stroma cells from amnion, chorion, Wharton’s jelly, amniotic 
fluid, cord blood, and bone marrow. Tissue Eng Part A 2013; 19:  
2577-85. [CrossRef]

17.  Basraon SK, Menon R, Makhlouf M, Longo M, Hankins GD, Saade 
GR, Costantine MM. Can statins reduce the inflammatory response 
associated with preterm birth in an animal model? Am J Obstet 
Gynecol 2012; 207: 224.e1-7.

18.  Surabhi C, Anil KT, Sanjay M, Mohammad A, Arvind KV. Physiological 
changes in hematological parameters during pregnancy. Indian J 
Hematol Blood Transfus 2012; 28: 144-6. [CrossRef]

19.  Fleming AF. Hematological changes in pregnancy. Clin Obstet 
Gynecol 1975; 2: 269.

20. Blackburn S. Maternal, fetal, and neonatal physiology: A clinical 
perspective. Maryland Heights, MO: Elsevier Saunders; 2013.

J Turk Ger Gynecol Assoc 2014; 15: 208-11
Kılıç et al.

G-CSF levels in term and preterm delivery 211

http://dx.doi.org/10.1080/00207170600712071
http://dx.doi.org/10.1056/NEJM199802123380706
http://dx.doi.org/10.1371/journal.pone.0060399
http://dx.doi.org/10.1111/j.1741-4520.2011.00337.x
http://dx.doi.org/10.1089/ten.tea.2013.0073
http://dx.doi.org/10.1007/s12288-012-0175-6

