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Introduction
Prevention of preterm birth (PTB) or more 
specifically delivery before 37 weeks of 
gestation is a major health concern because 
it is strongly associated with neonatal 
mortality and long‑term neurological and 
developmental problems.[1] Globally, the 
incidence of PTB is estimated to be around 
10% ranging between 5% and 18% in 
parts of Europe and Africa, respectively.[1,2] 
Around 20% of preterm deliveries might 
be medically indicated for maternal and 
fetal reasons while 80% of PTB are 
spontaneous in nature preceded either 
by preterm labor or prelabor rupture of 
membranes (PROM).[3,4] It is hypothesized 
that decidual chorioamniotic systemic 
inflammation plays an important role in 
the process of preterm labor and many 
inflammation‑related biomarkers including 
C‑reactive protein, interleukins (ILs), 
ferritin, alkaline phosphatase, and prolactin 
had been studied to identify asymptomatic 
women at risk of PTB.[5,6] Half of all 
spontaneous PTB happens among low‑risk 
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Abstract
Background: Around 80% of preterm births (PTBs) occur spontaneously. Various biomarkers are 
being evaluated to assess the possible role of chorioamniotic inflammation in PTBs. Aim: The 
aim of this study was to establish the accuracy of serum bio‑markers( cut off values of ferritin 
and alpha‑fetoprotein [AFP] at midtrimester) along with cervical length [CL] assessment to predict 
preterm delivery among low‑risk women. Methods: Three hundred low‑risk pregnant women 
attending the antenatal clinic of a tertiary health care facility were included and underwent CL 
measurement during mid‑trimester by transvaginal ultrasonography and their serum levels of ferritin 
and AFP were recorded. All were followed up till delivery. Results: Receptor‑operated characteristic 
curves for ferritin, AFP, and CL were constructed. Area under curves and Youden Index calculated 
for each marker were very low (<0.5) which is statistically considered very poor for a screening 
test. Conclusion: Serum ferritin and AFP together with CL measurement in the second trimester 
of pregnancy had poor discriminatory value in predicting preterm delivery among low‑risk 
asymptomatic pregnant women.
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asymptomatic women.[7,8] Around 39% 
of low‑risk asymptomatic women who 
delivered prematurely had shortening of 
cervix at their mid‑trimester as diagnosed 
by transvaginal ultrasound (TVS) 
examination using a cutoff value <2.5 cm.[7] 
Again, preterm labor and preterm premature 
rupture of membranes may happen when 
deep placentation is affected in addition to 
preeclampsia and other placenta‑mediated 
adverse pregnancy outcomes where 
alpha‑fetoprotein (AFP) level is elevated.[9‑11] 
This may happen due to the presence of 
small leaks on maternal–fetal barrier.[12] 
Hence, in search of the preventable causes, 
we hypothesized decidual inflammatory 
changes and placental dysfunction to be 
possible biological links apart from the 
shortening of cervical length (CL). Several 
biomarkers in maternal serum, amniotic 
fluid, cervical secretions, and ultrasound 
markers were extensively studied to predict 
PTB among high‑risk asymptomatic 
women, as mentioned before, but none of 
these have been recommended to screen 
low‑risk asymptomatic women during 
the prenatal period.[13] In this study, we 
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have chosen ferritin as an acute‑phase reactant and AFP 
as a marker of poor placentation due to their availability 
in public sector hospitals and the consequent possibility 
for feasible integration with management guidelines. We 
assessed these biochemical markers along with CL as a 
physical marker in an attempt to find out the distribution 
of the participants according to their serum levels of 
ferritin, AFP, and CL and to calculate the accuracy of 
second‑trimester serum levels of ferritin, AFP, and CL 
as screening tests for PTBs in low‑risk asymptomatic 
women.[14]

Methods
It was an observational prospective study conducted in 
the Department of Obstetrics and Gynecology of Calcutta 
National Medical College and Hospital (CNMCH), a 
tertiary care teaching hospital in Eastern India over a period 
of 1½ years from March 2021 to September 2022. The 
study was approved by the Institutional Ethics Committee 
of CNMCH vide memo no 22/1/2021‑G&O.CNMC/100(2)‑
2021.

All low‑risk asymptomatic women with singleton pregnancy 
attending antenatal clinics between 13 and 28 weeks period 
of gestation during the study period were eligible to be 
recruited. Exclusion criteria included Mullerian anomalies, 
multifetal gestations, congenital anomalies, severe anemia, 
thalassemia, hypertension, diabetes, previous history of 
cervical insufficiency, cone biopsy, history of two or 
more miscarriages, and spontaneous PTB or preterm 
PROM. Abortion and those requiring iatrogenic preterm 
delivery for medical morbidities were withdrawn from the 
study. Informed consent was sought from all participants. 
Consecutive recruitment was done. Participant’s baseline 
demographic data such as age, parity, gravidity, body mass 
index, occupation, educational qualification, and number 
of previous miscarriages were recorded. Every participant 
had their CL measured by TVS‑GE HealthCare Logiq P9 
model using 12 MHz vaginal transducer. In addition to 
routine blood parameters, 5 mL of fasting venous blood 
was drawn from each participant to measure serum ferritin 
and AFP by enzyme‑linked immunosorbent assay (ELISA) 
method. Blood sample was centrifuged, and serum was 
stored at −20°C. AFP was estimated by direct solid‑phase 
sandwich ELISA method using Sigma‑Aldrich kit.[15] 
Ferritin was measured using Thermo Fisher Scientific kit.[16] 
All women were followed till their delivery and obstetric 
outcomes were recorded.

Statistical analysis

Data were entered in Microsoft Excel Spreadsheet and later 
imported to SPSS version 19 (Statistical Package for Social 
Sciences (SPSS) IBM Corp. Released 2010 [IBM SPSS 
Statistics for Windows, version 19. 0. Armonk, NY, USA: 
IBM Corp.] for further analysis. Distribution of biomarker 
values were checked for normality by Shapiro‑Wilk and 

Kolmogorov‑Smirnov test. Measures of central tendency 
of the biomarker levels were calculated as mean or 
median; and measures of dispersion were calculated as 
standard deviation or percentiles depending on the type of 
distribution.

Among the markers included in this study, the cutoff 
value was available only for low serum ferritin (<15 
as iron deficiency in 1st trimester of pregnancy).[17] 
However, there was no agreed‑upon cutoff for ferritin as 
a biomarker of inflammation. Hence, AFP ≥90th percentile 
(200 ng/mL) was considered high value (possible 
inflammation); ferritin ≥90th percentile (180 µg/L) 
was considered high value (possible inflammation); 
and <15 µg/L was considered iron deficiency (this was 
about 28th percentile); CL ≤10th percentile (2.8 cm) was 
considered cervical shortening. Categories were initially 
created based on these assumptions. Frequencies and 
percentages were calculated for each category.

Receiver‑operating characteristic (ROC) curves were made 
for serum levels of ferritin, AFP, and CL to check for 
their sensitivity and specificity in the detection of PTBs. 
The area under the ROC curves (ROC_AUC) was used 
to assess the discriminatory capacity of ferritin, AFP, and 
CL for preterm against term deliveries. The ROC_AUC 
is a widely used measure of predictive performance when 
modeling binary outcomes; each point represents one 
of the possible sensitivity and (1‑specificity) pairs. The 
null hypothesis is set at 0.5 (meaning no discriminative 
power) to 1.0 (meaning perfect discriminative power). 
The ROC_AUC curve was used to determine the optimal 
cutoffs‑based ROC_AUC values and Youden index.[18]

Results
Baseline data were collected from 300 women which are 
presented in Tables 1 and 2. Three women had abortions 
who were withdrawn from the inferential analyses. The 
mean gestational age at study entry was 21.3 weeks (±4.2) 
and that at delivery was 37.5 weeks (±2.9). The 
demographic and obstetric profile of participating women 
is presented in Table 1. The study sample included a higher 
proportion of nullipara and Muslim women. There were 
23.67% of women who reported having induced abortions 
before this pregnancy. The proportion of preterm delivery 
in this study was 77 (26%).

Table 2 shows the distribution of participants according 
to their clinical and biochemical profiles at enrolment. 
The categorization for AFP, ferritin, and CL has been 
already discussed in the statistical analysis section. Such 
categorization based on percentile was chosen as all three 
markers had nonnormal distribution tested by Shapiro–
Wilk and Kolmogorov–Smirnov tests. Table 2 also shows 
summary measures of these variables.

post hoc power analysis measured study power as 100% 
considering 11% population level preterm delivery 



Jyothi, et al.: Prediction of preterm births in low‑risk population

200 International Journal of Applied and Basic Medical Research | Volume 13 | Issue 4 | October-December 2023

and Type I error or α of 5%.[19,20] Finally, ROC curves 
were made for serum levels of ferritin, AFP, and CL. 
The area under the curve (AUC) for each of these 
variables was 0.603, 0.595, and 0.364, respectively 
[Figure 1]. The values of ROC curves were interpreted 
according to the classification proposed by Hosmer and 
Lemeshow; according to which values ≤0.5 means no 
discrimination; while 0.7–0.79 was considered acceptable 
discrimination.[21] Hence, all the markers in this study had 
poor discrimination. The Youden index calculated was 
very low for all the markers. A brief representation of 
these statistics is made in Table 3.

Discussion
In the present study, 26% of participants had preterm 
delivery as compared to 13.6% PTB rate in India as per a 
systematic review and modeling analysis conducted in the 
year 2014.[22] The ROC_AUC was <50% for serum levels 
of AFP and CL recorded in the second trimester. Youden 
index showed a low probability of correct classification by 
all the markers.

Due to multifactorial etiology, the pathophysiology of 
spontaneous PTB is complex and less understood. However, 
there is compelling evidence suggesting inflammation 
and infection play a key role in preterm labor onset.[23] 
Features of chorioamnitis on histological examination of 
placentae were found to be more common in PTB than in 
term deliveries.[24] A more or less similar prospective study 
was conducted by Tripathi et al. where CL was assessed 
together with biomarkers in serum and cervical secretion 
to predict PTB among low‑risk populations.[25] Tripathi 
et al. found no association in their study between the 
onset of preterm labor and elevated serum levels of AFP, 
IL‑6, and granulocyte colony‑stimulating factors pointing 
towards some etiology other than inflammation. In their 
study, ferritin had some correlation but its value was again 
confounded in conditions such as anemia.[25] Singh et al. 
concluded ferritin as a promising biomarker to predict 

Table 1: Distribution of participants according to their 
demographic and obstetric profiles (n=300)

Variable n (%)
Age (years), µ (±SD) 25.8 (±5.1)
Education

< Primary 5 (1.67)
Primary 22 (7.33)
Secondary 164 (54.67)
Higher secondary or above 109 (36.33)

Religion
Hindu 86 (28.67)
Muslim 214 (71.33)

Occupation
Homemaker 276 (92.00)
Employed 24 (8.00)

Type of marriage
Consanguineous 60 (20.00)
Nonconsanguineous 240 (80.00)

Gravidity
Primi gravida 131 (43.67)
Second gravida 85 (28.33)
Third or higher gravida 84 (28.00)

Parity
Nullipara 154 (51.33)
Primipara 87 (29.00)
Parity ≥2 59 (19.67)

Abortion
Never 229 (76.33)
Ever 71 (23.67)

Dilatation evacuation (n’=71)
Ever 43 (60.56)
Never 28 (39.44)

Last childbirth (n’=146) (years)
Within 3 56 (38.36)
≥3 90 (61.64)

Gestational period at delivery (n’=297)
Term 77 (25.9)
Preterm 220 (74.1)

SD: Standard deviation

Figure 1: ROC_AUC for Cervical length (a), Serum ferritin (b) and Serum AFP(c)

cba
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the preterm onset of labor in their study where two cutoff 
values were suggested, i.e. 68.8 µg/dL and 112 µg/dL.[26] 
They considered the discriminative value of 68.8 µg/dL as 
a cutoff to predict is superior than 112 µg/dL as the former 
had a negative predictive value of 88.89%. However, in 
this study, the blood sample was collected during delivery 
not at mid‑trimester or earlier. After excluding anemia 
from our study subjects, only 12.3% of them had a value 
of >180 µg/L which was considered high for inflammation. 
Although some studies showed a strong association 
between PTB and elevated AFP,[12,27‑33] meta‑analysis by 
Yuan et al. found low sensitivity of AFP in population 
studies.[34] They described an association between raised 
AFP and PTB that might be confounded by abnormalities 
in other biomarkers. They also suggested that 2.5 multiples 
of median (MOM) cutoff of AFP might improve the 
prediction compared to 2.0 MOM but likelihood ratios of 

positive and negative tests would not improve. When AFP 
was elevated in isolation, no association was observed 
with PTB (odds ratio = 1.80, 95% confidence interval: 
0.92–2.68).[31] In our study, we found that more than 90% 
of our subjects had AFP <200 ng/dL, which was considered 
the cutoff value for possible inflammation. Mid‑trimester 
CL is a good predictor for symptomatic women with 
spontaneous PTB.[35] A multicenter randomized clinical 
trial found a 45% reduction in PTB rate with the use 
of vaginal progesterone among low‑risk asymptomatic 
women diagnosed to have shorter CL (≤20 mm).[36] 
However, ultrasound indicated cerclage in low‑risk women 
did not seem to prevent PTB.[37,38] Hence, the role of CL 
as an independent predictor for PTB among low‑risk 
populations is yet to be determined as also proposed by 
our study.

None of these studies have calculated the Youden index 
and many studies did not show ROC curves either. ROC_
AUC and/or Youden index <0.5 is statistically considered 
extremely poor discriminative power and such tests are 
equally likely to give positive results for preterm as 
well as term deliveries. Even though some studies report 
associations between biomarker levels and preterm delivery, 
such results cannot conclusively establish cutoff values for 
test purposes. The limitation of our study was the lack of 
serial estimations of serum biomarkers that might have 
improved the accuracy of results.

Conclusion
A single measurement of CL, serum ferritin, and serum 
AFP in the second trimester of pregnancy had poor 
discriminatory ability to predict the risk of preterm delivery 
among low‑risk pregnant women.
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Table 2: Distribution of participants according to their 
clinical and biomarker profiles (n=300)

Clinical/biochemical variables n (%)
Serum ferritin (µg/L)

µ (±SEM) 58.1 (±3.7)
Median (IQR) 39.0 (13.5–68.5)
<15 81 (27.0)
15–180 188 (60.7)
>180 31 (12.3)

Serum AFP (ng/mL)
µ (±SEM) 69.4 (±4.2)
Median (IQR) 47.0 (25–79)
<200 270 (90.0)
≥200 30 (10.0)

TLC≥11,000 cells/mm3 87 (29.0)
Neutrophil % >70 120 (40.0)
Median (IQR) for TLC 9000 (7800–11,000)
Positive urine cytology 31 (10.3)
Positive urine culture 8 (2.7)
Cervical length (cm)

µ (±SEM) 3.6 (±0.04)
Median (IQR) 3.7 (3.2–4.0)
≤2.8 33 (11.0)
>2.8 267 (89.0)

SEM: Standard error of mean, IQR: Interquartile range, 
AFP: Alpha‑fetoprotein, TLC: Total leukocyte count

Table 3: Statistics to assess accuracy of screening tests 
for preterm delivery

Cervical 
length (cm)

AFP 
(ng/mL)

Ferritin 
(µg/L)

Sensitivity (%) 97–71 97–71 97–70
Corresponding value of the 
marker

1.88–2.85 4.5–28.50 5.5–17.5

Corresponding 
specificity (%)

29–3 3–29 3–30

Highest Youden index 3 30 32
AFP: Alpha‑fetoprotein
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