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Abstract
BACKGROUND: Giving birth at preterm is considered as a bothering problem to both health-care systems and 
pregnant women around the world, causing alarming levels of mortality. To avoid this issue, certain biological markers 
can be employed for early detection to predict the occurrence of the preterm delivery (PTD) ahead of time for giving 
better medical care to the pregnant women who at risk of PTD.

AIM: The current study was performed to evaluate the power of using interleukin-6 (IL-6) and fetal fibronectin (fFN) 
present in the cervicovaginal fluid (CVF) as predictors of the symptomatic PTD patients.

PATIENTS AND METHODS: In this study, 91 pregnant hospital attendees (24–34 weeks; 18–45 years old) with 
suggested PTD symptoms, such as abdominal pain and uterine contraction and with cervical length of <25 mm, were 
participated. To detect IL-6 and fFN, vaginal swabs were collected for performing an ELISA test to later follow- up with 
the patients within 48 h, 7 days, and 14 days from the 1st day of admission to the hospital.

RESULTS: No significant association between PTD with patients age, parity, body mass index, and gestational age, 
but significant association with previous history of PTD. There was significant association between PTD and increase 
the level of CVF fFN and IL-6 with best cutoff value for CVF fFN is (>45 ng/ml) with (95%CI of 0.763–0.918) and 
accuracy of 85.2% with a sensitivity of 73.1% and specificity of 95.6% which is of high significant value (p ≤ 0.01). 
While CVF of IL-6 (>231 pg/ml) with (95% CI of 0.630–0.820), with accuracy of 73.3%, sensitivity of 50%, and 
specificity of 96.9% which was statistically significant finding (p ≤ 0.01). The predictive value of combined fFN and 
IL-6 in women at risk of preterm labor was 84.6% with sensitivity 84.6%, specificity 92.3%, positive predictive value 
81.5%, negative predictive value 93.8%, and accuracy of 90.1%.

CONCLUSIONS: Each of fFN or IL-6 located in the CVF may provide a strong predictor of PTD; however, this 
prediction capability may provide an even stronger signal of detecting PTD ahead of time if both biomarkers 
requested at the same time.
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Introduction

Perinatal morbidity, fatality, and long-term 
impairment are all exacerbated by preterm delivery 
(PTD). PTD is defined as occurring before 37 weeks 
of pregnancy, with regular uterine contractions causing 
cervical alterations such as effacement and dilatation, 
allowing the baby to enter the birth canal [1]. Research 
and developments in neonatal care have enhanced the 
perinatal outcomes of preterm newborns significantly 
over the past decades, whereas rates of spontaneous 
PTD have basically stayed steady. In the industrialized 
countries, PTD is the largest cause of fatality and 
disabilities in the <5-year-old children, and the main 
reason of worldwide perinatal deaths and illness. PTD 
newborns contribute to 11.1% of all live births globally, 
with an estimated 15 million occurring each year [2]. 
Three types of prenatal screening tests are now 
available for the detection of PTD: Evaluation of risk 

factors, measurement of the cervix, and biochemical 
indicators [3].

Cervicovaginal fluid (CVF), contrary to 
amniotic fluid, is easy to reach, and sampling is mildly 
invasive and harmless. Cytokines may be secreted 
into the CVF after the rupture of the chorio-decidual 
adhesion or due to an inflammatory response within 
the same location. PTD may cause changes in cytokine 
levels throughout gestations. PTB may be linked to 
inflammation through the generation of acute phase 
proteins and the formation of enzymes essential for 
prostaglandin synthesis, which are both interleukin-6 
(IL-6)-dependent biomarkers of inflammation [4]. CVF 
is a combination of fluids originating from the vaginal, 
endocervical, endometrial decidual, and amniochorionic 
compartments, and so acts as a significant diagnostic 
spot to evaluate the health of the mother and fetus 
while pregnant. Pregnancy-related membrane or 
placental destruction due to inflammation or mechanical 
destruction may lead to the discharge of CVF, which 
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has been recommended as a replacement to amniotic-
fluid testing [5]. As up to 20 weeks and repeated after 
36 weeks of gestation, higher concentrations than 
(50 ng/ml) of fetal fibronectin (fFN) may be seen in 
vaginal fluid. Due to the fact that the amniochorion and 
decidua haven’t entirely fused until 20 weeks, detection 
is still feasible. Hence, the existence of fFN in vaginal 
fluids in a concentration more than 50 ng/mL between 
20 and 36 weeks is considered as abnormal and may 
be utilized to indicate PTD. It is normal to identify fFN 
closer to birth as part of the typical mechanical and 
biochemical processes contributing to standard term 
delivery [6].

The current study was performed to evaluate 
the power of using IL-6 and fFN present in the CVF as 
predictors of the symptomatic PTD patients.

Patients and Methods

This study was conducted at the Obstetrics 
and Gynecology Department, Maternity and Pediatric 
Teaching Hospital, Al-Diwaniyah City, Iraq, during 
February throughout December, 2019, in which 91 
pregnant hospital attendees (24–34 weeks; 18–45 years 
old) with suggested PTD symptoms, such as abdominal 
pain and uterine contraction and with cervical length of 
<25 mm, were participated.

The present investigation protocol was 
approved by Iraqi Ethical Committee of Iraqi Board 
for Medical Specialization. All participants signed an 
informed consent form after being provided with an 
explanation of the study purpose and protocol.

Inclusion criteria

The study patients were included if they 
had PTD symptoms, such as lower abdominal pain 
of intermittent type, uterine contraction, and pelvic 
pressure, plus speculum-based healthy amniotic 
membranes and cervical dilatation ≤3 cm.

Exclusion criteria

Pregnant females were not included in the 
present work if they showed rupture of membranes, 
bleeding, active labor, >3 cm cervical dilatation, 
cervical cerclage in place, suspected inflammation 
of the chorioamniotic membrane, twin pregnancy, 
polyhydramnios, oligohydramnios, fetal congenital 
abnormality, uterine congenital abnormality, diabetes 
mellitus, hypertensive disorder with pregnancy, and 
maternal renal disease.

All patients who fill field the inclusion criteria 
were initially assessed with history and physical 

examination and send for investigation, performing 
complete blood picture, blood sugar analysis, urine 
analysis, renal function test, and ultrasound to assess 
gestational age, viability, any congenital abnormalities 
and liquor amount. Then by speculum vaginal 
examination, vaginal swabbing was done to collect 
samples for detecting cervicovaginal IL-6 and fFN. In 
the beginning, the participants emptied their urinary 
bladders and took a dorsal lithotomy lying position. 
Then, Dacron swabs were used to collect samples 
of CVF from the external os with the help of a sterile 
speculum. For better saturation, the swabs (two) were 
let-sat for 15 seconds in the posterior vaginal fornix. 
Later, each swab was contained in an extraction-buffer-
preloaded sterile cryo-vial.

The IL-6 swabs were placed in tubes that 
contained phosphate-buffered saline, 0.1 mg/ml 
protinin, fetal bovine serum, NaCl, and sodium azide 
at 0.001%. The fFN swabs were placed in tubes that 
contained 1 ml of fFN extraction buffers provided with 
a commercial kit (Shanghai Korain Biotech Co., Ltd).

Laboratory analysis

The IL-6 samples were incubated at 20–25°C 
for 60 min, 16000 rpm-centrifuged. Then, 500 ml of 
extraction buffer was used as a second wash and 
immediately centrifuged. After the extraction, the 
extracted materials for the IL-6 were −4°C-stored until 
using a chemiluminiscent enzyme immunometric assays 
via the utilization of a fully automated immunoassay 
analyzer, with a sensitivity power of 2 pg/ml (results 
within three hours). For fFN quantification, solid-phase 
ELISA kit (Biotech, USA), as part of this specimen was 
collected from the buffer tube and pipetted to a Rapid 
fFN analyzer (results within 1–4 h), and levels of more 
than 50 ng/ml are considered as positive.

All patients with the inclusion criteria were 
admitted to the emergency obstetrical department and 
treatment with tocolytics, corticosteroids and antibiotics 
according to the used hospital protocol, and follow up 
of the patients for the occurrence of PTD within 48 h, 
7 days, and 14 days from the 1st day of admission to 
the hospital.

Statistical analysis

SPSS software V23 and Microsoft Office 
Excel 2010 were employed to process and analyze the 
present work data. Non numerical data were presented 
as numbers and percentages, whereas, numerical 
data were used as mean minus plus standard 
deviation (Mean ± SD). For discovering if there is any 
association, Chi-square test was used. For differences 
between groups, t-test was conducted. If p ≤ 0.05, the 
test was considered as significant. If p-value was equal 
or less than 0.01, the test was considered as highly 
significant.

https://oamjms.eu/index.php/mjms/index
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Results

The major demographic characteristic of the 
patients studied are presented in Table 1. The average 
age of participants was 31.3 ± 6.05 years old with no 
statistical differences between patients that had PTD 
and those who had no PTD (P > 0.05). The average 
gestational age of the patients enrolled in study was 
(30.70 ± 2.20) weeks and the average body mass 
index (BMI) (kg/m²) was (19.89 ± 1.72) kg/m², with 
no statistical differences between the patients that 
enrolled in the study (p > 0.05). From the 91 patients 
enrolled in the study, (28) 30.8% were nulliparous of 
which 34.6% had PTD and 29.2% had reached to 
term pregnancy which was no statistically significant. 
While multiparous patients account for (63) 69.2% of 
the patients, of which 65.4% had PTD, and 70.8% had 
reached to term.

Table  1:  Demographics  for  the  study  participants  classified 
according to occurrence of preterm labor
Characteristic Total n = 91 PTD n = 26 No PTD n = 65 p
Age (years)

Range 22–42 22–42 22–42 0.105†

NSMean ± SD 31.32 ± 6.05 29.69 ± 5.86 31.97 ± 6.04
Gestational age (weeks)

Range 27–34 27–34 27–34 0.068†

NSMean ± SD 30.70 ± 2.20 31.42 ± 2.04 30.42 ± 2.21
BMI (kg/m2)

Range 18–23 18–23 18–23 0.580†

NSMean ± SD 19.89 ± 1.72 19.73 ± 1.69 19.95 ± 1.74
Parity

Median (IQR) 2 (3) 2 (3) 2 (2) 0.433€

NSRange 0–5 0–5 0–5
Nulliparous, n (%) 28 (30.8) 9 (34.6) 19 (29.2) 0.615¥

NSMultiparous, n (%) 63 (69.2) 17 (65.4) 46 (70.8)
n: number of cases, PTD: Preterm labor, SD: Standard deviation, BMI: Body mass index, IQR: inter-quartile 
range, †: Independent samples t-test, €: Mann– Whitney U test, ¥: Chi-square test, NS: not significant at  
p > 0.05, S: significant at p ≤ 0.05.

Table 2 showed that from the total of 
91 patients enrolled in the study, ten patients (11.0%) 
had previous history of PTD, and of which seven 
patients (26.9%) had ended with PTD in this study 
which was statistically significant correlation (p ≤ 0.01), 
with a relative risk (RR) of 2.98 and confidence interval 
(95% CI of 1.98–4.53).

Table 2: The association between previous preterm labor and 
present preterm labor in women enrolled in this study
History of 
previous PTD

Total  
n = 91 (%)

PTD  
n = 26 (%)

No PTD  
n = 65 (%)

p RR 95% CI

Positive 10 (11.0) 7 (26.9) 3 (4.6) 0.007 Y
HS

2.98 1.96–4.53
Negative 81 (89.0) 19 (73.1) 62 (95.4)
n: number of cases, PTD: Preterm labor, Y: Yates correction for continuity, HS: Highly significant at  
p ≤ 0.01, RR: Relative risk, CI: Confidence interval.

Table 3 showed that patients with 
PTD had CVF fFn (ng/ml) 60.73 ± 15.69 ng/ml 
while patient who had term pregnancy had fFN 
level of 39.20 ± 8.99 ng/ml which was highly 
significant statistically (p < 0.001). Furthermore, 
in the PTD group, the level of IL-6 (pg/ml) was 
significantly higher than those who had reached 
to term (230.23 ± 71.38) pg/ml and (173.63 ± 
38.18) pg/ml, respectively (p ≤ 0.01).

Table 4: Characteristics of the receiver operator characteristic 
curve
Characteristic fFN IL-6
Cutoff >45 >231
AUC 0.852 0.733
95% CI 0.763–0.918 0.630–0.820
Accuracy % 85.2 73.3
P <0.001

HS
<0.001
HS

Sensitivity % 73.1 50
Specificity % 95.6 96.9
AUC: Area under curve, fFN: Fetal fibronectin, IL-6: Interleukin -6, CI: Confidence interval, HS: Highly 
significant at p ≤ 0.01.

Table 4 showed the characteristics of the 
receiver operator characteristics (ROC) curve in 
which it is found that the best cutoff value for the level 
of CVF of fFN that can predict PTD in this study was 
(>45 ng/ml) with (95%CI of 0.763–0.918) and accuracy 
of 85.2% with a sensitivity of 73.1% and specificity of 
95.6% which is of high significant value (p ≤ 0.01) as 
shown in Figure 1.

Figure 1: Best cervicovaginal fetal fibronectin data for predicting PTD 
based on receiver operator characteristic curve 

Table 4 also showed the characteristics 
of ROC in which it is found that the best cut-off 
value for the level of CVF of IL-6 that can predict 
PTD in this study was (>231 pg/ml) with (95% CI 
of 0.630–0.820), with accuracy of 73.3%, with 
sensitivity of 50% and specificity of 96.9% which 
was statistically significant finding (p ≤ 0.01) as 
shown in Figure 2.

Table 5 reveals the relationship between 
CVF fFN and IL-6 and the start of PTD as it is found 
that higher level of fFN (68.4 ± 13.75 ng/ml) was 
associated with 90% incidence of PTD within 48 h, 
and fFN level of (59.08 ± 15.35 ng/ml) was associated 
with 66.7% risk of PTD within 7 days, and level of 

Table 3: Cervicovaginal fetal fibronectin (fFN) and interleukin‑6 
(IL‑6) according to occurrence of preterm labor
Characteristic PTD n = 26 No PTD n = 65 p
fFN (ng/ml)

Mean ± SD 60.73 ± 15.69 39.20 ± 8.99 <0.001†

HSRange 37–90 20–82
>50 ng/ml, n (%) 19 (73.1) 3 (4.6) <0.001Y

HS<50 ng/ml, n (%) 7 (26.9) 62 (95.4)
IL-6(pg/ml)

Mean ± SD 230.23 ± 71.38 173.63 ± 38.18 <0.001Y
HSRange 100–340 100–280

>250 pg/ml, n (%) 13 (50.0) 2 (3.1) <0.001†

HS<250 pg/ml, n (%) 13 (50.0) 63 (96.9)
n: number of cases, PTD: Preterm labor, †: Independent samples t-test, Y: Yates correction for continuity, 
HS: Highly significant at p ≤ 0.01.
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46.50 ± 12.01 ng/ml was associated with 50% risk 
of PTD within 14 days, and these finding was highly 
statistically significant (p ≤ 0.01) as displayed in 
Figure 3.

Table 5 also showed that CVF IL-6 level was 
higher (226.80 ± 63.14 pg/ml) in patients with PTD 
within 48 h as it account for a 40.0% risk, and in 
patients who had PTD within 7 days from the time 
of admission IL-6 level was 257.33 ± 60.10 pg/ml 
which was associated with 66.7% risk of PTD, and 
in patients who had PTD within 14 days, the level of 
IL-6 was (157.50 ± 85.00 pg/ml) that account from 
25.0% risk of PTD, and all these finding was highly 
statistically significant with (p ≤ 0.01) as presented 
in Figure 4.

Figure 3: Cervicovaginal fetal fibronectin according to onset 
occurrence of preterm labor 

Table 6 showed the predictive value of combined 
tests (fFN and IL-6) in the prediction of PTD. Out of 
26 patients who had PTD 22 (84.6%) had both elevated 
cut off value of CVF fFN and IL-6 with a sensitivity of 
84.6%, specificity of 92.3%, positive predictive value 
(PPV) of 81.5%, and negative predictive value (NPV) of 
93.8% with accuracy of 90.1%.

Table 5: Cervicovaginal fetal fibronectin (fFN) and interleukin‑ 6 
(IL‑6) according to onset occurrence of preterm labor
Characteristic No PTD 

n = 65 (%)
PTD 48 h
n = 10 (%)

PTD 7 days
n = 12 (%)

PTD 14 days
n = 4(%)

fFN (ng/ml)
Mean ± SD 39.20 ± 8.99 68.40 ± 13.75 59.08 ± 15.35 46.50 ± 12.01
Range 20–82 40–90 37– 82 37–62
>50 ng/ml, n (%) 3 (4.6) 9 (90.0) 8 (66.7) 2 (50.0)
<50 ng/ml, n (%) 62 (95.4) 1 (10.0) 4 (33.3) 2 (50.0)
p Reference <0.001Y

HS
<0.001Y

HS
0.016Y

HS
IL-6 (pg/ml)

Mean ± SD 173.63 ± 38.18 226.80 ± 63.14 257.33 ± 60.10 157.50 ± 85.00
Range 100–280 140–340 150–340 100–280
>250 pg/ml, n (%) 2 (3.1) 4 (40.0) 8 (66.7) 1 (25.0)
<250 pg/ml, n (%) 63 (96.9) 6 (60.0) 4 (33.3) 3 (75.0)
p Reference <0.001 Y

HS
<0.001 Y
HS

0.554 Y
HS

n: number of cases, PTD: preterm labor, †: Independent samples t-test, Y: Yates correction for continuity, 
HS: Highly significant at p ≤ 0.01.

Discussion

PTD remains the major factor affecting 
neonatal health outcomes despite the health-care 
development regarding such issue. The present 
investigation revealed non-significant alterations in the 
major patient demographics, such as gestational age, 
maternal age, and BMI. Lawlor et al. (2011) documented 
elevated links between farthest maternal age and 
the incidence of PTD, with the minimum PTD in the 
range of 24–30 years old of maternal age [7]. For BMI, 
while Vinturache et al. (2014) reported an association 
between BMI and PTD occurrence in nulliparous and 
multiparous females [8]. Smith et al. (2007) showed 
that PTD was more pronounced in obese nulliparous 
than that in obese multiparous [9].

Figure 4: Cervicovaginal interleukin-6 according to onset occurrence 
of preterm labor 

A study by Cnattingius et al. (2013) revealed 
an association between the risk of PTD, low weights 
of neonates, and increased fatality of newborns in 
nulliparous, especially those who were <18 years old 
plus if the women were at high weight, showing high 
rates of PTD [10]. Gibbs et al. (2012) revealed a parity-
PTD link (a weak association at ≥3 of parity) and (no 
association at ≥5 of parity) [11].

Figure 2: Best interleukin-6 data for predicting PTD based on receiver 
operator characteristic curve 
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Table 6: The predictive value of combined fFN and  Il‑6 cutoff 
values in prediction of preterm labor in women at risk
Ffn and IL-6 PTD

n = 26
Not delivered
n = 65

Sensitivity Specificity PPV NPV Accuracy

Positive (%) 22 (84.6) 5 (7.7) 84.6 92.3 81.5 93.8 90.1
Negative (%) 4 (15.4) 60 (92.3)
PPV: Positive predictive value, NPV: Negative predictive value.

Moreover, While Hendler et al. (2005) revealed 
no BMI-PTD association [12]. In addition, Smith et al. 
(2007) reported a PTD-nulliparous association in obese 
and mildly obese with no associations in severely and 
moderate obese women.

In this study from the total 91 patients, ten 
patients (11%) had previous history of PTD, and of 
which seven patients (26.9%) has ended in PTD with 
RR 2.98 and (95% CI of 1.96–4.53).

In a study by Laughon et al. (2014), PTD in 
women continued to place a high risk of recurrent PTD 
on those women in later pregnancy [13]. Simonsen et al. 
(2013) reported that gestational age of <32 weeks when 
PTD occurred at that time, recurrent PTD may occur during 
the later pregnancy more than that if PTD occurred at 
32–36 weeks of gestational age [14]. These associations 
between early and recurrent PTD are not well understood 
as While Kistka et al. (2007) mentioned [15].

In this study, the patients that gave birth 
prematurely were associated with high fFN (60.73 
± 15.69) in 73.1% and high IL-6 (230.23 ± 71.38) in 
50% and out of the 91 patients recruited in this study, 
26 (28.57%) were delivered preterm. Our data showed 
that the best cutoff value for the level of CVF fFN that 
can predict PTD in this study was (>45 ng/ml) with 
(95%CI of 0.763–0.918) and accuracy of 85.2% with a 
sensitivity of 73.1% and specificity of 95.6% which is of 
high significant value (p ≤ 0.01).

A variety of published research certainly 
shown the medicinal potential of fFN testing for the 
evaluation of individuals at risk of PTD. Peaceman 
et al. (1997) showed a beneficial use of fFN in patients 
at risk of PTD, involving 763 participants with a 50 ng/
ml cutoff. The estimated NPV for birth within 14 days 
after hospitalization was 99.2% and the PPV was just 
13.4%. They also revealed that the best value for fFN 
analysis in symptomatic PTD patients had good NPV 
with the power to prevent needless interventions [16].

In low-risk PTD pregnant women, a negative 
fFN result was shown to be associated with a lack of 
PTD; however, the researchers; Greenhagen et al. 
(1996) discovered that the fFN test is an important 
indicator of PTD in their community, which had a 
sensitivity of 75% and specificity of 68% [17], [18], [19].

In this study, it is found that the best cut-
off reads for the level of CVF of IL-6 that can predict 
PTD in this study was (>231 pg/ml) with (95% CI of 
0.630–0.820), with accuracy of 73.3%, with sensitivity 
of 50% and specificity of 96.9% which was statistically 
significant finding (p ≤ 0.01). It was determined that the 
IL-6 test with 250 pg/ml cutoff level had a sensitivity 

rate of 35% and specificity of 87%. The commonly 
acknowledged cutoff value of IL-6 for PTD prediction is 
about 250 pg/mL [20], [21].

The result of this study showed the link between 
CVF fFN and IL-6 and the onset of PTD in participants 
who delivered preterm had both fFN and IL-6 positive 
with sensitivity of 84.6%, specificity 92.3%, PPV 81.5%, 
and NPV 93.8% in the prediction of PTD and conducted 
better performance when the tests performed together 
than a single test alone.

A 53% incidence of PTB before 37 weeks of 
pregnancy was found in women with both positive fFN 
and IL-6 tests, contrasted to a 10% risk in those who had 
both negative tests, and Bolt et al. (2011) advised fFN 
as the initial diagnostic technique [22]. Schmitz et al. 
(2006) found that good NPVs (94 and 99%) for delivery 
were found in women who tested positive for fFN and 
IL-6 over the cutoff level, both pre 35 weeks and within 
7 days of hospitalization in symptomatic females [23].

The fact that this was a study of a prospective 
cohort imposes certain limitations. As a result, we 
were unable to track changes in cytokines during the 
course of pregnancy to pinpoint important times for the 
development of PTB. Another drawback was our limited 
sample size, which might lead to selection bias.

Conclusions

This research demonstrates the utility of 
measuring fFN and IL-6 in the CVF as biochemical 
indicators for detecting individuals with high risk of 
PTD that would enable the customization of medical 
interventions and focused at therapeutics to enhance 
maternal and fetal health.

References

1. RomeraR, Dey SK, Fisher SJ. Preterm labor: One syndrome, 
many causes. Science. 2014;345(6198):760-5. https://doi.
org/10.1126/science.1251816

 PMid:25124429
2. Blencowe H, Cousens S, Oestergaard MZ, Chon D,Moller 

AB, Narwal R, et al. National, regional, and worldwide 
estimates of PTD rate in the year 2010 with time trends 
since 1990 for selected countries: A systemic analysis and 
implications. Lancet. 2012;379:2162-7. https://doi.org/10.1016/
s0140-6736(12)60820-4

3. Dekker GA, Lee SY, North RA, McCowan LM, Simpson NA, 
Roberts CT. Risk factors for PTD in an international prospective 
cohort of nulliparous women. PLoS One. 2012;7(7):e39154.

 PMid:22815699
4. Corwin EJ. Understanding cytokines part I: Physiology and 

mechanism of action. Biol Res Nurs. 2000;2(1):30-40.



A - Basic Sciences Pharmacolgy

1908 https://oamjms.eu/index.php/mjms/index

 PMid:11232509
5. Coleman MA, Keelan JA, McCowan LM, Townend KM, 

Mitchell MD. Predicting PTD: Comparison of cervcovaginal 
interleukin (IL) IB, IL6 and IL8 with fetal fibronectin and cervical 
dilatation. Eur J Obstet Gynecol Reprod Biol 2001;95(2):154-8. 
https://doi.org/10.1016/s0301-2115(00)00450-4

 PMid:11301160
6. Foster C, Shennan AH. Fetal fibronectin as a biomarker of 

preterm labour: A review of literature and advances in its clinical 
use. Biomark Med. 2014;8(4):471-84. https://doi.org/10.2217/
bmm.14.28

 PMid:24796611
7. Lawlor DA, Mortensen L, Andersen AM. Mechanisms underlying 

the associations of maternal age with adverse perinatal 
outcomes: A sibling study of 264 695 Danish women and their 
firstborn offspring. Int J Epidemiol. 2011;40(5):1205-19. https://
doi.org/10.1093/ije/dyr084

 PMid:21752786
8. Vinturache A, Moledina N, McDonald S, Slater D and Tough S. 

Pre-pregnancy Body Mass Index (BMI) and delivery outcomes 
in a Canadian population. BMC Pregnancy Childbirth. 
2014;14:422. https://doi.org/10.1186/s12884-014-0422-y

 PMid:25528667
9. Smith GC, Shah I, Pell JP, Crossley JA, Dobbie R. Maternal 

obesity in early pregnancy and risk of spontaneous and 
elective preterm deliveries: A retrospective cohort study. Am 
J Public Health. 2007;97(1):157-62. https://doi.org/10.2105/
ajph.2005.074294

 PMid:17138924
10. Cnattingius S, Villamor E, Johansson S, Bonamy AK, Persson M, 

Wikström AK, et al. Maternal obesity and risk of PTD. JAMA. 
2013;309(22):2362-70. https://doi.org/10.1001/jama.2013.6295

 PMid:23757084
11. Gibbs CM, Wendt A, Peters S, Hogue CJ. The impact of early 

age at first childbirth on maternal and infant health. Paediatr 
Perinat Epidemiol. 2012;26(Suppl 1):259-84. https://doi.
org/10.1111/j.1365-3016.2012.01290.x

 PMid:22742615
12. Hendler I, Goldenberg RL, Mercer BM, Iams JD, Meis PJ, 

Moawad AH, et al. The preterm prediction study: Association 
between maternal body mass index and spontaneous and 
indicated PTD. Am J Obstet Gynecol. 2005;192(3):882-891. 
https://doi.org/10.1016/j.ajog.2004.09.021

 PMid:15746686
13. Laughon SK, Albert PS, Leishear K, Mendola P. The NICHD 

consecutive pregnancies study: Recurrent PTD by subtype. 
Am J Obstet Gynecol. 2014;210(2):131.e1-8. https://doi.
org/10.1016/j.ajog.2013.09.014

 PMid:24036403
14. Simonsen SE, Lyon JL, Stanford JB, Porucznik CA, Esplin MS, 

Varner MW. Risk factors for recurrent PTD in multiparous Utah 
women: A historical cohort study. BJOG. 2013;120(7):863-872. 

https://doi.org/10.1111/1471-0528.12182
 PMid:23418923
15. Kistka ZA, Palomar L, Lee KA, Boslaugh SE, Wangler MF, 

Cole FS, et al. Racial disparity in the frequency of recurrence of 
PTD. Am J Obstet Gynecol. 2007;196(2):131.e1-6. https://doi.
org/10.1016/j.ajog.2006.06.093

 PMid:17306652
16. Peaceman AM, Andrews WW, Thorp JM, Cliver SP, 

Lukes A, Iams JD, et al. Fetal fibronectin as a predictor of 
PTD in patients with symptoms: A multicenter trial. Am J 
Obstet Gynecol. 1997;177(1):13-8. https://doi.org/10.1016/
s0002-9378(97)70431-9

 PMid:9240576
17. Greenhagen JB, Van Wagoner J, Dudley D, Hunter C, Mitchell M, 

Logsdon V, et al. Value of fetal fibronectin as a predictor of PTD 
for a low-risk population. Am J Obstet Gynecol. 1996;175(4 Pt 
1):1054-6. https://doi.org/10.1016/s0002-9378(96)80052-4

 PMid:8885775
18. Berghella V, Saccone G. Fetal fibronectin testing for prevention 

of PTD in singleton pregnancies with threatened preterm labor: 
A systematic review and meta-analysis of randomized controlled 
trials. Am J Obstet Gynecol. 2016;215(4):431-8. https://doi.
org/10.1016/j.ajog.2016.04.038

 PMid:27133012
19. Woodworth A, Moore J, G’Sell C, Verdoes A, Snyder JA,  

Morris L, et al. Diagnostic accuracy of cervicovaginal 
interleukin-6 as markers of PTD. Clin Chem. 2007;53(8):1534-
40. https://doi.org/10.1373/clinchem.2007.084798

 PMid:17644792
20. Lockwood CJ, Ghidini A, Wein R, Lapinski R, Casal D, 

Berkowitz RL. Increased interleukin-6 concentrations 
in cervical secretions are associated with PTD. Am J 
Obstet Gynecol. 1994;171(4):1097-102. https://doi.
org/10.1016/0002-9378(94)90043-4

 PMid:7943078
21. Grenache DG, Hankins K, Parvin CA, Gronowski AM. 

Cervicovaginal interleukin-6, tumor necrosis factor-α, 
and interleukin-2 receptor as markers of PTD. Clin 
Chem. 2004;50(10):1839-42. https://doi.org/10.1373/
clinchem.2004.034280

22. Bolt LA, Chandiramani M, DeGreeff A, Seed PT, Kurtzman J, 
Shennan AH. The value of combined cervical length 
measurement and fetal fibronectin testing to predict spontaneous 
PTD in asymptomatic high-risk women. J Matern Fetal Neonatal 
Med. 2011;24(7):928-32. https://doi.org/10.3109/14767058.201
0.535872

 PMid:21190414
23. Schmitz T, Maillard F, Bessard-Bacquaert S, Kayem G, Fulla Y, 

Cabrol D, et al. Selective use of fetal fibronectin detection 
after cervical length measurement to predict spontaneous 
PTD in women with preterm labor. Am J Obstet Gynecol. 
2006;194(1):138-143. https://doi.org/10.1016/j.ajog.2005.05.074

 PMid:16389023

https://oamjms.eu/index.php/mjms/index

