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Abstract

Objective: To evaluate the ability of cervicovaginal cytokines to describe and predict the inflammatory processes associated to

spontaneous labor onset both, term and preterm. Design: Pseudo-longitudinal study. Setting: Two Ministry of Health-affiliated

hospitals in Mexico City from 2018 to 2020. Population or Sample: Women with singleton pregnancies at different moments

during spontaneous onset of first stage of labor between 12 and 41 weeks of gestation. Methods: Women were grouped in five

stages going from the absence of uterine activity and cervical changes (Stage 0) to the regular uterine contractions with cervix

dilation >3 cm (Stage 4 or established labor). Main Outcome Measures: Cervicovaginal cytokine concentrations between term

and preterm labor, cytokine trajectories throughout spontaneous labor onset and predictive accuracy of IL-6 for spontaneous

labor. Results: Of 144 women with spontaneous labor 96 delivered at term and 48 preterm, both groups displayed similar

cytokine concentrations. We found positive correlations between pro-inflammatory cytokines and clinical manifestations of

labor (study stages) using individual cytokines and score-based data by principal-component analysis (IFN-, TNF-α, IL-1β,

IL-6) as dependent variables. The risk of delivery increased as IL-6 concentrations increased (HR 202.09, 95% CI 24.57-1662.49,

P<0.001). IL-6 was a significant predictor for spontaneous labor within 12 days (AUC=0.785, 95% CI 0.693-0.877) regardless

of gestational age. Conclusions: Cervicovaginal cytokines, particularly IL-6, reflect and predict the intrauterine inflammatory

sequence associated to initial labor progression. This study provides a new insight into cervicovaginal inflammatory biomarkers

usability for labor diagnosis and birth prediction. Keywords: Labor, cytokines, preterm birth, IL-6.

Introduction

The mechanisms of normal human parturition are still incompletely understood; however, they include
a network of biological pathways, including endocrine and paracrine signaling, with participation of the
innate immune response.1–5 The inflammatory response associated to human labor is characterized by the
highly compartmentalized secretion of cytokines and chemokines by resident and selectively recruited immune
cells that infiltrate the reproductive tissues at the end of gestation and are enriched in the maternal-fetal
interface.3,6,7 Initial activation resulting in local secretion of inflammatory mediators under sterile conditions
in normal spontaneous human labor is not completely characterized; however, it has been linked to activation
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of inflammasomes in response to endogenous danger signals/alarmins/damage-associated molecular patterns
(DAMPs).9–11

The current generation of biomarkers for risk evaluation of preterm birth (PTB) have limited clinical
usefulness,10 and accurate prediction of preterm labor (PTL) is difficult due to the multifactorial etiol-
ogy of PTB as well as existence of various pathophysiological pathways.11–13 Therefore, a single predictor of
PTB may have variable utility in symptomatic women compared to asymptomatic women with or without
PTL risk factors. It is surprising that despite the accepted concept of selective inflammation associated with
spontaneous onset labor in human, local inflammatory mediators are not routinely used as clinical biomarkers
for the diagnosis and prediction of labor. Longitudinal reconstruction of the inflammatory response during
normal human labor has many limitations and here, we explore cervicovaginal fluid (CVF) cytokines as a
proxy of changes occurring in the intrauterine/choriodecidual compartment during initial stage of human
labor. We hypothesize that cervicovaginal inflammatory cytokines can be used as biomarkers to predict
inflammatory intrauterine processes associated with the onset of labor.

Methods

This was a pseudo-longitudinal study (a variant of repeated cross-sectional study) conducted from January
2018 to January 2020 in two Ministry of Health-affiliated hospitals in Mexico City: a tertiary-level unit and
a secondary-level unit. This study was approved by the pertinent Institutional Review Board (IRB; Register
2010/010/3117). Written informed consent was obtained from each patient prior to inclusion.

Women at different moments of spontaneous onset of the first stage of labor were included. Women with
multiple pregnancy, chronic diseases, obstetric complications, and history of sexual intercourse or vaginal
medication within the last 48 hours were excluded. Women with clinical or microbiological evidence of
urinary tract infection or infectious vulvovaginitis, as well as those with clinical or laboratory evidence of
premature rupture of membranes (PROM) and/or incomplete follow-up were eliminated.

Obstetrics and Gynecology specialists, previously standardized, evaluated the presence of clinical signs of
spontaneous labor. Uterine activity was recorded with a tocodynamometer. Cervical changes and membrane
integrity were assessed by vaginal examination. Gestational age was determined by the date of the last
menstrual period. Clinical and demographic characteristics were obtained of all participants.

To represent initial changes associated to first phase of spontaneous labor, pregnant women between 12 and
41 weeks of gestation (WoG) were classified into one of the following five groups:

• Stage 0 : Women with no clinical evidence of myometrial activity or cervical changes and intact fetal
membranes. This stage represents the total absence of labor.

• Stage 1 : Women with minimal sporadic uterine activity without cervical changes and intact fetal
membranes. None of these women gave birth within posterior 10 weeks.

• Stage 2 : Women with self-perceived uterine contractions with [?]1 contraction event in 30 minutes,
cervical softening and dilation <2 cm, and intact fetal membranes. This stage is considered as the
initial or latent phase of spontaneous labor. Only women who gave birth within posterior 24 hours
after classification were included in this group.

• Stage 3 : Women with painful uterine contractions [?]2 events in 30 minutes, cervical dilation 1-3 cm
and intact fetal membranes. Prelude phase of active labor. Only women delivering within posterior 12
hours after classification were included in this group.

• Stage 4 : Women with effective and regular uterine contractions (three painful events in 10 minutes),
cervix dilation >3 cm and intact fetal membranes. This stage included women in active labor. Only
women delivering within posterior 6 hours after classification were included in this group.

CVF samples were obtained by speculum examination. A Dacron tipped swab was placed into the posterior
fornix and transferred to transporting buffer at 4ºC (0.05M Tris-base, 0.15M NaCl, 1% BSA, 0.1% Tween-20
and protease inhibitors). Samples were centrifuged at 2000 x g at 4ºC for 15 minutes and supernatant fluid
was collected and stored at -80ºC.
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Cytokines in the CVF were measured with the Milliplex Human Cytokine/Chemokine Magnetic Bead Panel
and the MAGPIX Reader (Millipore, Burlington, MA, USA); including: (1) chemokines: CXCL8 (IL-8 or
interleukin-8); (2) pro-inflammatory: interleukin-2 (IL-2), interleukin-12p70 (IL-12p70), interferon-gamma
(IFN-γ), tumor necrosis factor alpha (TNF-α), interleukin-1 beta (IL-1β) and interleukin-6 (IL-6); (3) anti-
inflammatory: interleukin-10 (IL-10), interleukin-4 (IL-4) and interleukin-1 receptor antagonist (IL-1RA).

Statistical analysis

We compared groups according to study stages and sub-categories of preterm birth using Welch’s One-
way Analysis of Variance (ANOVA) or Kruskal-Wallis rank-sum test according to variable distribution, and
Mann-Whitney U for term and preterm delivery groups. Categorical variables and frequencies were compared
between groups using chi-squared tests. A p-value <0.05 was established as the threshold for statistical
significance. For details on variable transformation and imputation for benefit in models’ assumptions, see
Supporting Information.

To characterize a cytokine profile in CVF that describes clinical manifestations in labor stages, a multiple
principal-component analysis (PCA) was used using cytokine concentrations centered with mean 0 and
standard deviation of 1. To choose the components to retain we used the scree plot criterion.

We selected cytokines which better described stages and principal component scores were extracted to develop
explanatory models (linear mixed-effects models) to predict pro-inflammatory signaling associated with the
onset of labor using stages as independent variable and gestational age (sample collection week) as the
moderating variable.

Model diagnostics were conducted using R2 and minimization of the Bayesian Information Criterion (BIC);
multicollinearity was assessed using tolerance and Variance Inflation Factor (VIF). Predictors were subjected
to homoscedasticity and linearity tests; model diagnostics were performed by assessing normality of the
residuals. Model parameters were expressed using β coefficients and 95% CI.

To test IL-6 diagnostic performance for identification of spontaneous labor, we calculated an optimal cut-
point using maximization of Youden’s J index, and estimated the respective sensitivity, specificity, predictive
values, and likelihood ratios using theOptimalCutpoints R package. In addition, we evaluated their time-
varying diagnostic performance using time-dependent ROC curves applying the Kaplan-Meier estimator at
different time-points using thetimeROC R package.

Intervals between sampling and delivery were calculated and the estimated cut-point was evaluated by
Kaplan–Meier analysis and log-rank test using the survminer R package. Cox regression analysis was used
to assess whether IL-6 was associated with risk of delivery at any gestational age. Schoenfeld residuals
were used to test the proportional hazards assumption. The predictors were tested on homoscedasticity and
linearity assumptions. Finally, a post-estimation simulation of the Cox models was performed to evaluate
adjusted hazard ratio estimates across IL-6 values using the simPH R package. All statistical analyses were
performed using R statistical software (Version 4.0.2).

Results

One hundred and forty-four women with spontaneous labor were included (Figure S1), of whom ninety-
six delivered at term and forty-eight preterm. Clinical variables are described in Table 1 andTable 2 .
Subcategories of preterm birth, based on gestational age, were similar with respect to age, multiparity and
history of PTB, with a mean gestational week of 35.20±1.10, 31.0±0.24, and 22.10±0.52 for late preterm,
very preterm, and extremely preterm delivery, respectively. Likewise, we did not identify differences in stages
of labor according to term and preterm delivery groups (Table S1 and S2).

Cytokine concentrations were similar between women who delivered at term and preterm (Figure 1A; Table
S3). However, when we stratified by subcategories of preterm birth, we identified that women who delivered
extremely preterm had significantly higher concentration of pro-inflammatory cytokine IFN-γ compared with
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those with late preterm, but interestingly, they were not different with those who delivered at term (Figure
1B; Table S3).

Since we did not identify differences of cytokine concentrations in CVF between women who developed term
and preterm labor, we analyzed them as a single group for every stage. We compared cytokine concentrations
between stages of labor (Figure 1C; Table S4), and identified that pro-inflammatory cytokines, excluding
IL-2, and the anti-inflammatory cytokine IL-10, increased in correlation with the sequence of spontaneous
labor. The main concentration changes occurred with respect to Stage 0 and the final stages (Stage 3 and
4). In particular, IL-6 concentration showed a clear peak at Stage 4. We did not identify a clear trend in the
concentrations of chemotactic cytokine IL-8, the pro-inflammatory cytokine IL-2, and the anti-inflammatory
cytokines IL-4 and IL-1RA.

To test the hypothesis that CVF cytokines may characterize the initial clinical manifestations of spontaneous
labor regardless of gestational age, we performed PCA of cytokines concentrations that showed a rising trend
across labor stages. We identified a pro-inflammatory profile defined by IFN-γ, TNF-α, IL-1β and IL-6, and
we extracted two principal components, explaining 79.9% of the total variance (Figure 2A ; Table S5).
Principal component 1 explained 56.3% of the total variance and was mainly composed by, in descending
order of loading: TNF-α, IFN-, IL-1β and IL-6 (Table S6). Principal component 2 accounted for 23.6% of
the total variance and was mainly composed by IL-6, IL-1β, TNF-α and IFN-γ. We compared labor stages
with extracted scores and identified that PC1 plus PC2 scores better distinguish each stage (Figure 2B )
than an independent pro-inflammatory cytokine.

Linear mixed-effects models were fitted by age, multiparity, and number of previous PTBs to examine
the effect of labor stages and their interaction with gestational age (week of sample collection) on pro-
inflammatory cytokine concentrations. We hypothesized that throughout pregnancy and during stages of
labor, women who delivered preterm might have had higher cytokine concentrations levels than those who
delivered at term; therefore, we considered subcategories of delivery as a random effect within the model.

We identified positive linear effects of labor stages on concentrations of IFN-γ, TNF-α and IL-1β (Figure
3A-C; Table S7), and positive nonlinear effects on concentrations of IL-6 (Figure 3D; Table S7). However,
the variance explained by random effect was null for TNF-α, IL-1β and IL-6 model, and 27.21% for IFN-γ
model (Table S7).

When we assessed the moderating variable effect, we found no correlation between gestational age (sample
collection week) and IFN-γ, TNF-α and IL-1β concentrations (Figure 3F-H ). In contrast to IL-6 concen-
trations we found a nonlinear relationship with gestational age (Figure 3I ), in addition to statistically
significant stage*sample collection interaction (Table S7), suggesting there is an estimated value for each
stage of the relationship between sample collection (gestational age) and IL-6 concentration. Consequently,
the relationship between labor stages and IL-6 concentration could be independent from gestational age.

Furthermore, we fitted a model with the pro-inflammatory profile, and found a nonlinear relationship between
labor stages and principal-component scores (Figure 3E ; Table S7). As with IL-6 model, we found that
this correlation is independent from gestational age (Figure 3J ; Table S7). In addition, we identified that
mean scores of term, late preterm and very preterm groups were similar, but far lower compared to extremely
preterm group (variance explained by random effect was 86.90%; Table S7).

We previously identified that IL-6 was significantly correlated with changes in labor stages, showing one of
the highest average effects on cytokine concentration for a one- unit increase in stages of labor. Therefore, we
calculated an optimal cut-point to test the diagnostic performance of IL-6 for the identification of spontaneous
labor (Stage 4, effective and regular uterine contractions, and dilation >3 cm) regardless of gestational age
(Table 3 ).

The identified cutoff was 34.60 pg/mL and the area under the ROC curve (AUC) was 0.862 (95% CI 0.758-
0.967). It is worth noting the negative predictive value: 97.93% (95% CI 92.11-98.71), which indicates that
97.93% of pregnant women are not in established labor with an IL-6 concentration <34.60 pg/mL (truly
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negative screening test).

To corroborate the assumptions for using an IL-6 cut-point, we assumed homogeneity of outcome on either
side of the cut-point (a discontinuous relationship) when X axis is a time variable.14Our time variable is the
stage, and the discontinuous relationship we wish to achieve is with respect to Stage 4 and all other stages,
thus confirming the validity of dichotomization in this setting (Figure 1C ).

Subsequently, we calculated sampling-to-delivery intervals (censoring those exceeding 120 days) to estimate
the probability that a pregnant woman did not give birth according to the estimated cut-point (log-rank test:
P =0.0011, Figure 4A ), and fitted a Cox proportional-hazards model by age, multiparity, and number of
previous PTBs to examine the association between IL-6 concentrations and the development of delivery from
any gestational age. A nonlinear effect was identified indicating a relationship between IL-6 concentrations
and increased risk of delivery (HR 202.09, 95% CI 24.57-1662.49, P <0.001; HR [second-degree] 109.74, 95%
IC 14.12-853.07,P <0.001; Table S8). Simulated adjusted hazard ratio estimates showed that hazard ratios
exponentially increase in according to the identified cut-point (log scale: 3.54 pg/mL, Figure 4B ).

Once the time-dependent adjustment has been applied and we ensured that all women included for analysis
developed spontaneous labor leading to delivery, we evaluated the time-varying diagnostic performance of IL-
6 with time-dependent ROC curves. Event status is observed at each time point yielding different sensitivity
and specificity values throughout follow-up (intervals between sampling and delivery). At each time pointt
, each individual is classified as a case or control. A case is defined as any individual experiencing the event
(laboring woman) between baseline t =0 and time t and a control as an individual who remains event-free
(non-laboring woman) at time t .

Using these definitions, we identified at 12 days an AUC of 0.785 (95%CI 0.693-0.877, Table 4 ), where
the diagnostic/predictive performance decreases as time increases. As in previous analyses, the strengths
of this marker (at 12 days) are the specificity (81.0%, SE±3.94) and the negative predictive value (84.38%,
SE±3.72).

Discussion

Main Findings

We used a standardized clinical-based reconstruction of the first stage of spontaneous labor to explore
CVF cytokine expression as a proxy of inflammatory processes occurring in the intrauterine/choriodecidual
compartment. Here, we show that the progression of clinical manifestations is correlated with the activation of
the inflammatory response during labor, since there is a positive correlation between CVF pro-inflammatory
cytokine levels, specifically IL-1β and IL-6, and initial clinical manifestations of labor. These results support
the hypothesis that the cervicovaginal milieu can reflect and predict the inflammatory intrauterine processes
associated to human labor and can be used to explore potential biomarkers for term and preterm labor;15–17,10

in addition to being a minimally invasive technique.

Interpretation

Labor-associated inflammasome activation in the intrauterine compartment, mainly in the choriodecidual
interphase, might correlates with the progressive concentration increase of IL-1β in the CVF.9,18 This cytokine
has been proposed as a key signal for the amplification cascade leading to the production of secondary labor
mediators such as PGs16, 19–21 and, in conjunction with IL-6, inducing the expression of oxytocin receptors
on myometrial cells22 and the secretion and activation of MMPs in the chorioamniotic membranes and
cervix.23An effort to discard the presence of cervicovaginal or intrauterine infection in participating women,
allowed us to propose that concentrations of danger signals or alarmins and cytokines are associated with
sterile inflammation.24–28Interestingly, cytokine concentrations were similar between term deliveries and
preterm deliveries, highlighting the concept of a common labor-associated inflammatory response in both
conditions.

A multitude of maternal biomarkers, including cytokines, have been shown to be associated with the occur-
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rence of spontaneous preterm birth (sPTB), but their predictive accuracy has only moderately good, thus
precluding their use as a screening test in clinical practice.29,30 The great heterogeneity in inclusion criteria
and gestational age at the time of evaluation represent other peculiar limitations to most studies.31 In this
setting, it has been difficult to quantify the strength of the association between a given marker and sPTB
and the diagnostic performance of that marker in identifying women at risk of childbirth. We explored the
possibility of using CVF cytokines or a combination of them to improve our knowledge and understanding
between the inflammatory response associated with childbirth and the clinical manifestations of childbirth.
An initial approach resulted in the pro-inflammatory profile extracted by PCA, pointing out the importance
of multiple biomarker modeling for optimal predictive efficacy and the coherence of the statistical results
with the proposed biological phenomenon.32

IL-6 by itself has proved to be a good marker to diagnose and predict spontaneous labor regardless of
gestational age, highlighting the importance of being an independent predictor. IL-6 is one of the most studied
biomarkers in sPTB and preterm premature rupture of membranes (pPROM),33,34 however, multiple cutoffs
have been proposed for both clinical entities.29,30 Therefore, cutoffs for normal and abnormal cytokines in
disease states need to be better established to support and distinguish diagnoses, as well as estimate prognoses
more accurately. Evidence that IL-6 is a helpful marker to identify spontaneous labor was found and must
be followed by a clinical trial evaluating it as a diagnostic tool for characterization of labor progression and
furthermore, to identify women at risk of delivering in a limited window of time. The characterization of
IL-6 reference values can be better accomplished with an easily accessible compartment such as CVF.

Strengths and Limitations

This study explored CVF cytokine trajectories throughout spontaneous labor onset and considers symp-
tom status, sub-categories of delivery and time-dependent properties biomarkers. In addition, this study
attempts to address gestational age heterogeneity and suggests a pragmatic way that could make diagnosis
and prediction of spontaneous labor easier with greater accuracy and at a lower cost. Timely detection of
spontaneous labor is fundamental to identify those mothers at higher risk of delivering and plan appropriate
management. Conversely, predicting spontaneous delivery to identify women at low risk would avoid the use
of unnecessary and sometimes costly interventions.31

Amongst the limitations to be acknowledged, the research design limits the ability to establish real temporal
relationships, which might require further confirmation in a longitudinal setting following the same women.

A common characteristic of cytokine data sets is undetectable values or when concentrations exceed a certain
threshold on the top of the measurement scale, and thus the issue of “censored data” needs to be addressed,
which generally make statistical analysis challenging. The literature recommends different methods to deal
with censored data.35 We used simple substitution for IL-1Ra (the only cytokine with censored values) due
to the large proportion of censored values. However, simple substitution is not advisable as it may lead to
strongly biased results.36 To overcome this, we performed multiple imputation using chained equations to
account for variability of missing data; we performed a sensitivity analysis of complete-cases versus multiple
imputed data and observed no significant results discrepancies.

Conclusion

The regulation of cytokine expression in reproductive tissues is closely related to both the maintenance
of pregnancy and the process of labor induction. Labor is unlikely to occur spontaneously in patients
with low cytokine levels, again suggesting that inflammation is an essential component in the initiation of
labor. We demonstrated how inflammatory cervicovaginal cytokines can reflect and predict the inflammatory
”common pathway” that leads to labor and propose that these biomarkers (particularly IL-6) could be used in
clinical practice for diagnosis and prediction of spontaneous labor. Thus, a better understanding of cytokine
dynamics during pregnancy and their connection with labor onset will help in the clinical assessment of
prematurity, the most important challenge to modern obstetrics.
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Tables

Table 1. General characteristics of women included in the study, as well as a comparison between study
stages.

Parameter
Overall sample
(N=144)

Stage 0
(n=35)

Stage 1
(n=15)

Stage 2
(n=34)

Stage 3
(n=36)

Stage 4
(n=24)

Age, years 29.0
(22.0-35.0)

31.0 (25.50-
35.50)

26.0 (21.50-
31.50)

29.0 (20.50-
34.80)

28.50
(22.0-35.0)

25.0
(17.80-33.0)

Delivery,
WoG*

37.30
(36.0-38.70)

37.20
(35.80-39.0)

37.0 (36.20-
38.40)

37.0
(36.0-38.20)

37.10
(35.30-38.0)

38.30
(37.30-39.0)

Sample
collection,
WoG*

30.87±6.52 25.90±5.98 26.0±8.48 31.0±4.57 33.10±3.94 37.70±2.19
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Parameter
Overall sample
(N=144)

Stage 0
(n=35)

Stage 1
(n=15)

Stage 2
(n=34)

Stage 3
(n=36)

Stage 4
(n=24)

Term
delivery, n
(%)

96 (66.70) 23 (65.70) 10 (66.70) 22 (64.70) 20 (55.60) 21 (87.50)

Preterm
delivery, n
(%)

48 (33.30) 12 (34.30) 5 (33.30) 12 (35.30) 16 (44.40) 3 (12.50)

Preterm
delivery, n
(%)

Preterm
delivery, n
(%)

Preterm
delivery, n
(%)

Preterm
delivery, n
(%)

Preterm
delivery, n
(%)

Preterm
delivery, n
(%)

Preterm
delivery, n
(%)

32-36 WoG 35 (24.30) 9 (25.70) 2 (13.30) 8 (23.50) 14 (38.90) 2 (8.33)
28-31 WoG 10 (6.94) 3 (8.57) 1 (6.67) 4 (11.80) 1 (2.78) 1 (4.17)
<28 WoG 3 (2.08) NA 2 (13.30) NA 1 (2.78) NA
Gestations,
n (%)

Gestations,
n (%)

Gestations,
n (%)

Gestations,
n (%)

Gestations,
n (%)

Gestations,
n (%)

Gestations,
n (%)

1 49 (34.0) 7 (20.0) 5 (33.30) 13 (38.20) 12 (33.30) 12 (50.0)
[?]2 95 (66.0) 28 (80.0) 10 (66.70) 21 (61.80) 24 (66.70) 12 (50.0)
History of
PTB, n (%)

History of
PTB, n (%)

History of
PTB, n (%)

History of
PTB, n (%)

History of
PTB, n (%)

History of
PTB, n (%)

History of
PTB, n (%)

Negative 131 (91.97) 31 (88.60) 15 (100.0) 30 (88.20) 32 (88.90) 23 (95.83)
Positive 13 (9.03) 4 (11.40) NA 4 (11.80) 4 (11.10) 1 (4.17)

Data are presented as either mean±SD or median (IQR) according to variable distributions. WoG, weeks
of gestation; PTB, preterm birth. * P <0.05, Chi-squared test or Fisher exact test for categorical variables,
Kruskal-Wallis rank-sum test or Welch’s ANOVA for continuous variables. NA, ”not available”, insufficient
subjects.

Table 2. General characteristics of women included in the study stratified by term and preterm delivery, as
well as sub-categories of preterm birth.

Sub-categories
of Preterm
Birth

Sub-categories
of Preterm
Birth

Sub-categories
of Preterm
Birth

Parameter Term (n=96) Preterm
(n=48)

32-36 WoG
(n=35)

28-31 WoG
(n=10)

<28 WoG
(n=3)

Age, years 29.0
(22.0-34.0)

27.50
(21.0-35.0)

27.0
(20.50-35.0)

32.0
(23.0-38.50)

30.0
(28.0-30.0)

Delivery,
WoG*

38.30±1.02 33.50±3.56* 35.20±1.10 31.0±0.24 22.10±0.52*

Gestations, n
(%)

Gestations, n
(%)

Gestations, n
(%)

Gestations, n
(%)

Gestations, n
(%)

Gestations, n
(%)

1 33 (34.40) 16 (33.30) 10 (28.60) 4 (40.0) 2 (66.70)
[?]2 63 (65.60) 32 (66.70) 25 (71.40) 6 (60.0) 1 (33.30)
History of
PTB, n (%)

History of
PTB, n (%)

History of
PTB, n (%)

History of
PTB, n (%)

History of
PTB, n (%)

History of
PTB, n (%)

Negative* 91 (94.80) 40 (83.0)* 29 (82.90) 8 (80.0) 3 (100.0)
Positive* 5 (5.21) 8 (16.70)* 6 (17.10) 2 (20.0) NA
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Data are presented as either mean±SD or median (IQR) according to variable distributions. WoG, weeks
of gestation; PTB, preterm birth. * P<0.05, Chi-squared test or Fisher exact test for categorical variables,
Kruskal-Wallis rank-sum test or Welch’s ANOVA and Mann-Whitney U or Welch’s t test for continuous
variables. NA, ”not available”, insufficient subjects.

Table 3 . Optimal cut-point of IL-6 for identification of spontaneous labor (Stage 4).

Area under the ROC curve (AUC) = 0.862 (95% CI 0.758-0.967)

Parameter Estimate 95% CI
Cutoff 34.60 pg/mL
Sensitivity 91.67% 73.00-98.97
Specificity 79.17% 70.80-86.04
Positive predictive value 46.80% 35.95-88.53
Negative predictive value 97.93% 92.11-98.71
Positive diagnostic likelihood ratio 4.40 3.04-6.36
Negative diagnostic likelihood ratio 0.10 0.02-0.39
False positive 25
False negative 2

CI, confidence interval. Criterion: Youden Index. N=144.

Table 4. Time-varying diagnostic performance and predictive accuracy measures of IL-6 using time-
dependent ROC curves.

Time (t) Cases Controls Censored AUC (95% CI) %Se (SE) %Sp (SE) %PPV (SE) %NPV (SE)

0 0 113 31 - - 80.53 (±3.74) - 100.0 (±0)
12 42 100 2 0.785 (0.693-0.877) 64.29 (±7.42) 81.0 (±3.94) 58.70 (±7.29) 84.38 (±3.72)
33 71 70 3 0.686 (0.596-0.776) 45.07 (±5.93) 81.43 (±4.66) 71.11 (±6.78) 59.38 (±5.03)
54.1 101 43 0 0.658 (0.566-0.750) 37.62 (±4.84) 81.40 (±5.96) 82.61 (±5.61) 35.71 (±4.86)
66 115 29 0 0.557 (0.453-0.660) 33.91 (±4.43) 75.86 (±7.97) 84.78 (±5.31) 22.45 (±4.23)

t, time point (days); AUC, area under the ROC Curve; CI, confidence interval; Se, sensitivity; Sp, specificity;
PPV, positive predictive value; NPV, negative predictive value; SE, standard error.
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