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Purpose: To investigate the role of neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR) in the prediction of
spontaneous preterm birth.

Patients and Methods: Data was retrospectively collected from hospital record between February 2018 and November 2022.
Pregnant women (n = 78) with a single pregnancy between 24 and 34 weeks of gestation, presented with labor pain, and had regular
uterine contractions (threatened preterm labor — TPL) were included. Patients delivered within the first week after TPL were included
in group 1 (n = 40) and who delivered after in group 2 (n = 38). Two groups were investigated for NLR and PLR values.

Results: The median cervical length among women who gave birth within a week was significantly lower (24.5 versus 30.0 p <0.001). The
median neutrophil-to-lymphocyte ratio among women who gave birth within a week was significantly higher (6.4 versus 4.5 p <0.001). The
median platelet-to-lymphocyte ratio among women who gave birth within a week was significantly higher (151 versus 131 p <0.001). The
cut-off values to predict preterm birth were >5 for NLR (sensitivity: 90%, specificity: 92.1%), >139 for PLR (sensitivity: 97.5%, specificity:
100%).

Conclusion: NLR and PLR values predict spontaneous preterm birth with high sensitivity and specificity. By predicting preterm birth,
the pregnancy process can be managed sensitively and smoothly.
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Introduction

Premature birth is an important public health problem due to its high frequency and serious consequences. If it is detected
and treated at an early stage by screening, the benefit of treatment increases and the economic burden of preterm births
decreases. The mechanism of preterm birth is not fully understood and therefore there is no effective internationally
accepted treatment. Screening methods were mainly based on the previous obstetric history of the pregnant woman.
About half of preterm births occur in the first pregnancy and in pregnant women without known risk factors. Most of the
tests we use to predict preterm birth do not have sufficient sensitivity, specificity and positive predictive value to identify
high-risk pregnant women.

Preterm birth is a significant cause of morbidity and mortality in infants. Respiratory distress syndrome, broncho-
pulmonary dysplasia, patent ductus arteriosus, necrotizing enterocolitis, hyperbilirubinemia, intraventricular hemorrhage,
neonatal sepsis and retinopathy may develop in preterm infants due to organ immaturity. Although there had been
important advances in the prognosis of low-birth-weight babies with the establishment of neonatal intensive care
facilities in recent years, prediction of preterm labor and reduction in preterm birth rates have not been achieved.'™

The successful prediction of preterm birth is difficult given the interactions between numerous risk factors. Preterm
birth may occur due to multifactorial causes, which make identification of the exact etiology difficult. Identification of
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methods to predict preterm birth has particular importance regarding the individual, economical, and health implications
of the situation and different markers have been used to predict preterm labor.””’

Parameters that has been prioritized by many articles in recent years are neutrophil-to-lymphocyte ratio (NLR) and
platelet-to-lymphocyte ratio (PLR) that are calculated from complete blood count. The literature data suggests that
preterm labor and particularly preterm premature rupture of membranes (PPROM) might be associated with subtle
infections,® and a previous study that evaluated the association between inflammation and preterm births reported that
chorioamnionitis may result in placental inflammation and can be predicted by NLR in these patients.” However, these
findings have not been completely evaluated and need further investigation in different populations. In this study, we
aimed to determine whether these simply calculated parameters, which are indicators of immune response capacity and
subclinical inflammation, have clinical utility in the prediction of spontaneous preterm birth.

Materials and Methods

The data used in the study were collected retrospectively from the database of our hospital between February 2018 and
November 2022. The study was conducted under the principles of the Declaration of Helsinki. Local Ethics committee of
Yuksek Ihtisas University approved the study protocol. Patient consent to review their medical records was not required
by the committee since unidentified data was used, and no confidential information was obtained from retrospective data
collection (approval number: 2023-03-06, approval date: 05/18/2023).

Pregnant women (n = 78) with a single pregnancy between 24 and 34 weeks of gestation, presenting with labor pain,
and having regular uterine contractions (threatened preterm labor — TPL) were included in the study. Patients who
delivered within the first week after diagnosis of TPL were included in group 1 and those who delivered later than 1 week
were included in group 2. Two groups were investigated for NLR and PLR values.

The NLR and PLR values of all patients were obtained from laboratory tests taken at the time of first admission,
without antibiotic prophylaxis and betamethasone dose for lung maturation. NLR was defined as the absolute neutrophil
count divided by the absolute lymphocyte count, while PLR was defined as the absolute platelet count divided by the
absolute lymphocyte count.

PPROM, placenta previa totalis, abruptio placenta, multiple pregnancy, assisted reproductive technologies (ART)
conceptions, presence of vaginal bleeding, vasculitis, presence of connective tissue disease (Ehler Danlos, Marfan
Syndrome, etc.), fetal distress, intrauterine ex fetus, gross fetal anomaly, polyhydramnios, presence of inflammatory
diseases, hematological disorders, malignancies, liver disease, history of autoimmune disease, gestational diabetes
mellitus and preeclampsia and pregnant women with acute or chronic infections were excluded from the study.

Statistical Analyses

Continuous variables were expressed as Median (interquartile range). Kolmogorov—Smirnov test was used to determine
whether variables were normally distributed. Mann Whitney U-test was used to compare continuous variables between
groups. Binary logistic regression analysis was performed to determine the variables for predicting delivery time. The
receiver operating characteristic (ROC) curve was constructed and the area under the curve (AUC) was calculated to
estimate the predictive power of the cervical length, neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte ratio
score for predicting delivery time. The sensitivity and specificity values were calculated. Statistical analysis of the data
was performed with SPSS.25 and MedCalc12. A value of p < 0.05 was considered statistically significant.

Power Analysis

The sample size was calculated based on the NLR values reported previously for the PPROM patients in different
studies.®'® However, the literature data suggested these values in a wide range, and we estimated the projected NLR
values using the data from previous studies, and internal results from other studies conducted at our department, as 6.3+4.9
for premature birth group, and 3.6%2.1 for controls. The required sample size was calculated using G*Power 3.1 software,''
assuming Type-I error of 5%, and Type-II error of 0.80. Accordingly, we found that a total of 70 participants was needed,
and with inclusion of 10% non-response rate, we estimated the total sample size as 78 patients.
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Results

The neutrophils (/mm3) were significantly higher (p < 0.001), lymphocytes were significantly lower (p < 0.001), platelets
were similar but statistically different (p = 0.022) among women who gave birth within a week (n = 40) compared to
women who have not given birth within a week (n = 38). However, gestational weeks (p = 0.075), age (p = 0.0425),
gravida (p = 0.863), parity (p = 0.093) and hemoglobin (p = 0.386) levels were not significantly different between among
women who gave birth within a week and women who have not given birth within a week (Table 1).

As seen Table 2, the median cervical length among women who gave birth within a week was significantly lower than
women who have not given birth within a week (24.5 versus 30.0, p < 0.001). However, the median neutrophil-to-
lymphocyte ratio among women who gave birth within a week was significantly higher than women who have not given
birth within a week (6.4 versus 4.5, p < 0.001). The median platelet-to-lymphocyte ratio among women who gave birth
within a week was significantly higher than women who have not given birth within a week (151 versus 131, p < 0.001).

Logistic Regression Analyses

According to results of logistic regression analyses, the cervical length (B = —1.026, OR = 0.358, 95% CI 0.231-0.556,
p < 0.001), neutrophil-to-lymphocyte ratio (B = 2.291, OR = 9.887, 95% CI 4.140-23.614, p < 0.001), and platelet-to-
lymphocyte ratio (B = 0.229, OR = 1.257, 95% CI 1.157-1.367, p < 0.001) were significantly related to delivery time
(Table 3).

Table 1 Comparison of Age, Gravida, Parity, Gestational Weeks, Hemoglobin, Neutrophils (/mm3),
Lymphocytes (/mm3) and Platelet (x1000/ mm3) Among Groups

Variables Births Within a Week Not Births Within a Week P
(n=40) Median (IQR) (n=38) Median (IQR)

Age 29.00 (28.00-32.00) 30.00 (29.75-31.00) 0.425
Gravida 2.00 (1.00-3.00) 2.00 (1.00-2.00) 0.863
Parity 1.00 (0.00-1.75) 2.00 (0.75-2.00) 0.093
Gestational weeks 31.00 (30.00-31.75) 30.00 (30.00-31.25) 0.075
Hemoglobin 10.90 (10.80 —11.00) 10.80 (10.60—11.00) 0.386
Neutrophils (f/mm3) 8990 (8900-9057) 8050 (8030-8100) <0.001
Lymphocytes (/mm3) 1710 (1685-1710) 1992 (1992-1992.75) <0.001
Platelet (x1000/ mm3) 226 (225.00-229.75) 226 (226-227) 0.022

Table 2 Comparison of Cervical

Among Groups

Length, Neutrophil-to-Lymphocyte Ratio and Platelet-to-Lymphocyte Ratio

Variables Births Within a Week Not Births Within a Week p
(n=40) Median (IQR) (n=38) Median (IQR)

Cervical Length 24.50 (23.00-25.00) 30.00 (30.00-31.00) <0.001

Neutrophil-to-lymphocyte ratio 6.40 (6.00-7.00) 4.50 (4.00—4.80) <0.001

Platelet-to-lymphocyte ratio 151 (151-155) 131 (128-131) <0.001

Table 3 Logistic Analysis Results for Cervical Length, Neutrophil-to-Lymphocyte Ratio, and Platelet-

to-Lymphocyte Ratio

Variables B (Regression Coefficient) OR (95% CI) P

Cervical Length —-1.026 0.358 (0.231 - 0.556) <0.001
Neutrophil-to-lymphocyte ratio 2.291 9.887 (4.140-23.614) <0.001
Platelet-to-lymphocyte ratio 0.229 1.257 (1.157-1.367) <0.001

Abbreviations: OR, Odds ratio; Cl, Confidence Interval.
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Table 4 ROC Analysis Results for Cervical Length, Neutrophil-to-Lymphocyte Ratio, and Platelet-to-Lymphocyte
Ratio
Cut-Off Value AUC Sensitivity Specificity P
Cervical Length <25 0.97 (0.91-0.99) | 90 (76.3-97.2) | 97.4 (86.2-99.9) | <0.001
Neutrophil-to-lymphocyte ratio >5 0.92 (0.84-0.97) | 90 (76.3-97.2) | 92.11 (78.6-98.3) | <0.001
Platelet-to-lymphocyte ratio >139 0.98 (0.91-0.99) | 97.5 (86.8-99.9) | 100 (90.7-100) | <0.001
ROC Analysis

The optimal cut-off value of cervical length for predicting delivery time was <25, with sensitivity of 90% (CI = 76.3—
97.2) and specificity of 97.4% (CI = 86.2-99.9) (Table 4 and Figure 1). The optimal cut-off value of neutrophil-to-
lymphocyte ratio for predicting delivery time was >5, with sensitivity of 90% (CI = 76.3-97.2) and specificity of 92.11%
(CI = 78.6-98.3) (Table 4 and Figure 2). The optimal cut-off value for platelet-to-lymphocyte ratio was >139 with
sensitivity of 97.5% (CI = 86.8-99.9) and specificity of 100% (CI = 90.7-100) (Table 4 and Figure 3).

Discussion

Although various factors are blamed in the pathogenesis of preterm birth, inflammation and inflammatory processes are
important causes of preterm birth.'”> In our research, neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio
were found significantly higher in women with TPL who delivered within a week. These results suggest that the severity
of inflammation and the time to delivery are inversely proportional.

Levels of lymphocytes and neutrophils which are leukocyte subtypes show changes in systemic inflammatory events.
NLR and PLR have been shown to have prognostic and predictive values in many pregnancy-related or non-pregnancy-
related studies.'” '® High NLR values in intrahepatic cholestasis,'” hyperemesis gravidarum'® and preeclampsia'® have
been reported. In addition, it has been shown that NLR values are higher in spontaneous preterm labor and PPROM and
are useful in the prediction of preterm labor.>° On the other hand, PLR values have different patterns in pregnancy. Since
it is a valuable indicator of inflammation and thrombosis, its levels may change in PPROM or preeclampsia, but not
affected in amniotic fluid disorders especially in the normal amniotic fluid in PPROM.*?! It is reported that, the value of
complete blood count parameters were related in predicting preterm delivery.”> Among those parameters. NLR. PLR, and

Cervical Length

100 .. = & -
[ [sensitivty: 90,0
80 | |Chrerion <26
> 60|
= B
= [
< i
» 40
20H
ol
0 20 40 60 80 100

100-Specificity

Figure | Receiver operating characteristic curve analysis for cervical length.
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Figure 2 Receiver operating characteristic curve analysis for neutrophil-to-lymphocyte ratio.
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Figure 3 Receiver operating characteristic curve analysis for platelet-to-lymphocyte ratio.

lymphocyte-to-monocyte ratio might have prognostic significance since they can represent chronic low-grade inflamma-
tion. In our study, the number of lymphocytes was found to be significantly lower in those who were born within 1 week.
We think that this result is related to the decreased lymphocyte count in chronic inflammation, as in other indices.

In a recent study similar to ours, NLR and PLR values were investigated in the prediction of preterm labor in pregnant
women hospitalized due to the threat of preterm birth. The authors found that; NLR, RDW, WBC, and absolute
neutrophil cell count are positively associated with birth within 1 week of diagnosis of TPL.>® Additionally, PLR values
were also investigated in addition to this study and logistic regression analysis and ROC analysis were also included, in
our study. Neutrophil-to-lymphocyte ratio was related for predicting delivery with sensitivity of %90 and %92 specificity.
Similarly, the platelet-to-lymphocyte ratio had %97.5 sensitivity and %100 specificity, for birth prediction.
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In our study, we found that NLR and PLR values predict preterm birth with high sensitivity and specificity, and we
think that our findings will contribute to the literature, systematic reviews and meta-analyses. By predicting preterm birth,
the pregnancy process can be managed sensitively and smoothly. We hope that with the increase in the knowledge about
its pathophysiology and the use of new techniques, better points will be reached in the estimation of preterm birth. With
regard to this perspective, novel methods are being investigated and contemporary approaches are being reported in the
literature. In one of these studies, Della Rosa et al established a generalized methodology to build an evidence-based
holistic model based on their results from analysis of 174 identified intrauterine and extrauterine factors, and reported
that placenta previa, pregnancy-induced hypertension, antibiotics, cervix length, physical exercise, fetal growth, maternal
anxiety, preeclampsia, and antihypertensive use were the parameters in their most informative and parsimonious model.**

Besides the significance of NLR and PLR found, there are several limitations in this study to be considered in
interpretation of the results. First, this is a retrospective study, and our results should be confirmed in randomized
prospective studies. Second, although the sample size was calculated to achieve adequate study power, our findings may
not reflect the situation in different populations or demographic subgroups with different prevalence of preterm births,
and studies in larger cohorts are needed to replicate these results.

Conclusions

This study showed that NLR and PLR are promising biomarkers that can be used to predict preterm birth. Although the
high sensitivity and specificity of these parameters suggest that they are successful in preterm labor prediction, these
results should be confirmed in prospective studies.
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