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ABSTRACT

Background: We sought to determine whether lipopolysaccharide binding protein (LBP), 
pentraxin 3, resistin, and insulin-like growth factor binding protein (IGFBP)-3 in plasma 
and amniotic fluid (AF) can predict microbial invasion of the amniotic cavity (MIAC), 
intra-amniotic inflammation (IAI), and microbial-associated IAI in women with preterm 
premature rupture of membranes (PPROM).
Methods: This was a retrospective cohort study involving 168 singleton pregnant women 
with PPROM. AF obtained via amniocentesis was cultured and assayed for interleukin (IL)-6 
to define IAI and for IL-8 to compare with AF biomarkers. Plasma samples were collected at 
the time of amniocentesis, and C-reactive protein (CRP) levels in serum were compared with 
plasma biomarkers. The stored plasma and AF samples were assayed for LBP, pentraxin 3 
(PTX3), resistin, and IGFBP-3 by ELISA.
Results: Multivariate logistic regression analysis revealed that: 1) elevated plasma and 
AF levels of LBP were independently associated with increased risks of MIAC, IAI, and 
microbial-associated IAI; 2) elevated AF, but not plasma, PTX3, and resistin levels were 
independently associated with increased risks of MIAC, IAI, and microbial-associated IAI; 3) 
decreased IGFBP-3 levels in the plasma were independently associated with only IAI, whereas 
those in the AF were associated with only microbial-associated IAI. Among the tested 
biomarkers, AF PTX3 and resistin had the highest predictive performance for MIAC, IAI, and 
microbial-associated IAI (area under the curves [AUC] = 0.85–0.95), which is similar to the 
performance of AF IL-8. The AUCs of the plasma LBP and IGFBP-3 were similar to that of 
serum CRP with respect to IAI.
Conclusion: Maternal plasma LBP and IGFBP-3 are potential biomarkers for the non-invasive 
identification of IAI in women with PPROM, with a similar accuracy to the serum CRP level. 
AF LBP, PTX3, resistin, and IGFBP-3 may be involved in the intra-amniotic inflammatory 
responses in PPROM complicated by MIAC.
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INTRODUCTION

Preterm prelabor rupture of membranes (PPROM) is a major obstetric complication 
worldwide that contributes largely to severe neonatal morbidity, mortality, and long-term 
neurodevelopmental disability.1,2 Specifically, PPROM complicates approximately 3% of 
all pregnancies, and is a direct antecedent to 25–30% of all preterm births.3-5 Importantly, 
evidence suggests that the presence of subclinical microbial invasion of the amniotic cavity 
(MIAC) and intra-amniotic inflammation (IAI) in PPROM poses additional risks for delivery 
latency and significant complications related to prematurity in children, such as pulmonary and 
neurodevelopmental sequelae.6-9 Considering the high prevalence of subclinical MIAC (25–55%) 
and IAI (35–52%) in PPROM,7,10 more precise and early prenatal methods (particularly those that 
use non-invasive measurements) are required to identify women at risk for these conditions.

Currently, analyses of amniotic fluid (AF) samples obtained via amniocentesis are generally 
considered the gold standard approach for identifying MIAC/IAI in PPROM. In particular, 
interleukin (IL)-6, -8, and matrix metalloproteinase (MMP)-8 and -9 in the AF have been 
shown to be the strongest predictors of intra-amniotic infectious and inflammatory 
conditions in PPROM.11-14 Nevertheless, their measurement in current practice may be of 
limited use due to their invasiveness (i.e., amniocentesis) and relatively low sensitivity.13,15 
On the other hand, lipopolysaccharide (LPS) binding protein (LBP), pentraxin 3 (PTX3), and 
resistin are known to be important mediators involved in inflammatory and immunological 
processes during infection.16-18 In fact, previous cross-sectional studies found higher levels 
of LBP, PTX3, and resistin in AF from women with PPROM or preterm labor complicated 
by MIAC/IAI.19-21 However, these observations have not yet been validated in a different 
independent cohort, and these cross-sectional studies were not designed to evaluate the 
predictive performance of these biomarkers in the AF, leading to their limited clinical use. 
Moreover, despite the fact that the assessment of markers in the maternal blood may serve 
as a non-invasive, desirable, and inexpensive approach for the expectant management of 
PPROM women, these inflammatory biomarkers have not been studied sufficiently in plasma 
samples from women with PPROM in relation to MIAC/IAI. Insulin-like growth factor 
binding protein (IGFBP)-3 has been shown to have both pro-angiogenic and anti-angiogenic 
properties,22 while inflammation and angiogenesis are capable of enhancing each-others' 
actions.23,24 However, currently, no information is available on the role of IGFBP-3 as a 
predictor of MIAC/IAI in the AF and maternal blood of patients with PPROM. Thus, for the 
aforementioned reasons, we selected these four analytes for this study. The aim of this study 
was to determine whether LBP, PTX3, resistin, and IGFBP-3 in the plasma and AF can predict 
MIAC, IAI, and microbial-associated IAI in women with PPROM and to assess the correlation 
of each of these four proteins in the AF with the corresponding proteins in the plasma.

METHODS

Study design and participants
This was a retrospective cohort study involving singleton pregnant women between the 
gestational age of 24+0 to 33+6 weeks who were admitted to the Seoul National University 
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Bundang Hospital (Seongnam, Korea) with a diagnosis of PPROM, between June 2004 
and October 2018. This study was carried out by searching a comprehensive database of 
women with PPROM admitted to the high-risk pregnancy unit of our hospital during the 
study period. Eligible participants were identified according to the following inclusion 
criteria: 1) trans-abdominal amniocentesis conducted to evaluate the AF for infection or 
inflammation; 2) a live fetus; and 3) availability of aliquots of AF and plasma samples for 
analysis. Participants were excluded if they had 1) multiple gestations; 2) evidence of clinical 
chorioamnionitis at presentation; 3) active labor, defined as cervical dilation of 4 cm or more 
by sterile speculum examination; and 4) a fetus with major congenital anomalies. PPROM 
was diagnosed based on visual inspection using a sterile speculum examination to verify 
the pooling of AF in the vagina or fluid leakage from the cervix in association with a positive 
nitrazine test. The primary outcome measures were MIAC and IAI. We also conducted 
additional analyses for microbial-associated IAI.

Biological sample collection and processing
Ultrasound-guided transabdominal amniocentesis was performed under aseptic conditions 
at the time of admission. The AF samples were then immediately transported to the 
microbiology laboratory to culture microorganisms, such as aerobic/anaerobic bacteria 
and genital mycoplasmas (e.g., Mycoplasma hominis and Ureaplasma urealyticum), according 
to previously described methods.25 The left-over AF samples were centrifuged at 1,500 ×g 
for 10 minutes, aliquoted in 1.5 mL polypropylene tubes, and stored at −70°C until analysis. 
Clinicians had access to the AF culture results. Using an enzyme-linked immunosorbent assay 
(ELISA) human IL-6 DuoSet Kit (R&D System, Minneapolis, MN, USA), IL-6 levels in the AF 
were assessed in order to identify IAI, and AF IL-8 levels were measured for comparison with 
the AF biomarkers studied. We described the measurements of IL-6 and -8 concentrations in 
the AF in detail in the Supplementary Materials section.

At the time of amniocentesis, serum C-reactive protein (CRP) level was measured 
in the maternal serum samples as part of the hospital protocol using methods that 
have been previously described.25,26 Any remaining blood samples were collected in 
ethylenediaminetetraacetic acid (EDTA) tubes, centrifuged at 1,500 ×g for 10 minutes, after 
which the supernatant was aliquoted and stored at −70°C until future use.

Analysis of IGFBP-3, LBP, PTX3, and resistin in the plasma and AF samples
The stored plasma and AF samples were assayed using ELISA kits for LBP, PTX3, resistin, 
and IGFBP-3 (DuoSet ELISA from R&D System, Minneapolis, MN, USA), according to the 
manufacturer's instructions. The ranges for the protein standard curves and their dilution 
ratios are described in detail in the Supplementary Materials section. The intra- and inter-
assay coefficients of variation (CVs) were < 10% for all analyzed proteins, except for the inter-
assay CVs of plasma resistin (13.2%).

Clinical management of PPROM and definition of various factors
PPROM was defined as clinically confirmed spontaneous rupture of the fetal membranes 
occurring before the onset of labor and at < 37 weeks of gestation. The management 
of PPROM has been previously described in detail6,7,27 and is also described in the 
Supplementary Materials section.

MIAC was defined as the presence of a positive AF culture for bacteria, fungi, and/or 
Mycoplasma hominis or Ureaplasma spp. IAI in PPROM pregnancies was defined as an AF IL-6 
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level ≥ 2.6 ng/mL based on previous reports.7,28 Microbial-associated IAI was defined as the 
presence of MIAC along with an elevated AF IL-6 concentration (≥ 2.6 ng/mL). Diagnosis of 
acute HCA was based on the presence of acute inflammatory changes in any of the placental 
tissue samples (amnion, chorion-decidua, chorionic plate, and umbilical cord) as described 
in a previous study.29 Clinical chorioamnionitis was diagnosed based on the criteria proposed 
by Gibbs et al.30 It has been described in detail in the Supplementary Materials section.

Statistical analyses
Comparison of continuous data was performed using the Mann-Whitney U test or Student's 
t-test based on the results of the Shapiro-Wilk test for normality, and comparison of categorical 
data was performed using the χ2 test or Fisher's exact test, as appropriate. Subsequently, 
multivariate logistic regression analyses were conducted to assess the independent relationship 
between the levels of each protein in the plasma and AF and each outcome measure, after 
controlling for baseline covariates (i.e., gestational age at sampling and parity), with a P value 
< 0.05 during univariate analysis. Receiver-operating characteristic (ROC) analyses were 
performed for each protein in the plasma and AF, where significant associations were noted 
with the outcome measures to determine the optimal cutoff value (giving the maximum sum 
of sensitivity and specificity) and predictive values. Thereafter, pairwise comparisons of areas 
under the curves (AUCs) of different proteins in plasma and AF were conducted using the 
method proposed by DeLong et al.31 Linear correlations of each protein level between the two 
compartments were analyzed using the Spearman rank correlation test. The statistical analyses 
of data were carried out using SPSS version 25.0 (IBM SPSS Inc., Chicago, IL, USA). The 
significance level was set at 0.05 (two-tailed) for all statistical analyses.

Ethics statement
The Institutional Review Board at Seoul National University Bundang Hospital approved 
this study (IRB no. B-1105/128–102), and written informed consent was obtained from all 
study participants for the amniocentesis procedure, for the collection and use of biological 
samples, and for the use of their clinical data for medical research.

RESULTS

Clinical characteristics of the study population
In total, 168 consecutive women with PPROM who met all the inclusion criteria were included 
in the present study. The prevalence of MIAC and IAI was 35.7% (60/168) and 41.6% (70/168) 
of women, respectively. Microbial-associated IAI (both MIAC and IAI) was present in 29.7% 
(50/168) of the women. The most common microorganisms identified in the AF from 60 cases 
were genital mycoplasmas [U. urealyticum (n = 46) and/or M. hominis (n = 33)], and a detailed 
description of the types of microorganisms isolated from AF is provided in Supplementary 
Results. Polymicrobial findings were observed in 34 of the 60 MIAC patients (56.6%).

The demographic and clinical characteristics of the women according to the presence or 
absence of MIAC, IAI, and microbial-associated IAI are presented in Table 1. Women with 
MIAC, IAI, and microbial-associated IAI had significantly lower gestational age at sampling, 
lower gestational age at delivery, and higher levels of serum CRP than those without these 
conditions. Moreover, women with IAI and microbial-associated IAI were more parous than 
those without these conditions (Table 1). A significant correlation was found between resistin 
levels in the plasma and AF (r = 0.157, P = 0.045), whereas LBP, PTX3, and IGFBP-3 levels in 
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the plasma were not correlated with the corresponding protein levels in the AF (all variables, r 
= 0.128–0.150, P = 0.053–0.100).

Various plasma proteins in relation to MIAC, IAI, and microbial-associated IAI
The median plasma levels of LBP were significantly higher in women with MIAC, IAI, and 
microbial-associated IAI than in women without these conditions (P < 0.01 for each, Table 2).  
These associations remained unchanged in multivariate logistic analysis after adjusting 
for gestational age at sampling and parity (Table 3). The plasma levels of IGFBP-3 were 
significantly lower in the presence of IAI (but not MIAC and microbial-associated IAI). 
Similarly, the multivariable analysis revealed that low plasma levels of IGFBP-3 were still 
significantly associated with IAI when adjusted for gestational age at sampling and parity. 
However, based on the univariate analyses, no differences in plasma PTX3 and resistin levels 
were found in relation to MIAC, IAI, and microbial-associated IAI in women with PPROM.

Various AF proteins in relation to MIAC, IAI, microbial-associated IAI
AF LBP, PTX3, and resistin levels were significantly higher in women with MIAC, IAI, and 
microbial-associated IAI than in women without these conditions (P < 0.001 for each, 
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Table 1. Demographic and clinical characteristics of the study population according to the presence or absence of MIAC, IAI, and microbial-associated IAI in 
women with preterm premature rupture of membranes
Variables MIAC P value IAI P value Microbial-associated IAI P value

Positive  
(n = 60)

Negative  
(n = 108)

Positive  
(n = 70)

Negative  
(n = 98)

Positive  
(n = 50)

Negative  
(n = 118)

Maternal age, yr 32.0 ± 3.7 31.0 ± 3.9 0.088 31.7 ± 3.6 31.1 ± 4.0 0.349 31.9 ± 3.8 31.2 ± 3.9 0.269
Nulliparity 40.0 (24/60) 52.8 (57/108) 0.113 37.1 (26/70) 56.1 (55/98) 0.016 36.0 (18/50) 53.4 (63/118) 0.040
Gestational age at sampling, wk 29.7 ± 2.7 30.7 ± 2.6 0.010 29.4 ± 2.7 31.1 ± 2.4 < 0.001 29.5 ± 2.6 30.7 ± 2.6 0.002
Gestational age at delivery, wk 30.9 ± 2.4 33.1 ± 2.6 < 0.001 31.7 ± 2.5 33.4 ± 2.3 < 0.001 30.6 ± 2.3 33.0 ± 2.5 < 0.001
Serum CRP, mg/dL 1.2 ± 1.5 0.7 ± 1.1 0.019 1.4 ± 1.7 0.5 ± 0.6 < 0.001 1.4 ± 1.6 0.6 ± 1.0 0.003
Use of tocolytic agents 63.3 (38/60) 57.4 (62/108) 0.455 67.1 (47/70) 54.1 (53/98) 0.090 70.0 (35/50) 55.1 (65/118) 0.073
Use of antibiotics 98.3 (59/60) 93.5 (101/108) 0.261 95.7 (67/70) 94.9 (93/98) 1.000 98.0 (49/50) 94.1 (111/118) 0.438
Use of antenatal corticosteroids 93.3 (56/60) 89.8 (97/108) 0.577 92.9 (65/70) 89.8 (88/98) 0.590 92.0 (46/50) 90.7 (107/118) 1.000
Clinical chorioamnionitis 11.7 (7/60) 8.3 (9/108) 0.482 10.0 (7/70) 9.2 (9/98) 0.859 12.0 (6/50) 8.5 (10/118) 0.478
Histological chorioamnionitisa 72.7 (40/55) 40.0 (38/95) < 0.001 73.4 (47/64) 36.0 (31/86) < 0.001 76.1 (35/46) 41.3 (43/104) < 0.001
Data are given as mean ± standard deviation or % (n/N).
MIAC = microbial invasion of the amniotic cavity, IAI = intra-amniotic inflammation, CRP = C-reactive protein.
aData for the histologic evaluation of the placenta were only available in 150 of the 168 women because in 15 cases, delivery took place at another institution and 
in 3 cases, histologic evaluation of the placenta was not performed because of our institutional policy that only the placentas in cases of preterm delivery are to 
be sent for histopathologic examination or because of missing data for the histological chorioamnionitis.
Significant findings (P < 0.05) are indicated in bold fonts.

Table 2. Various proteins levels in plasma and amniotic fluid of the study population according to the presence or absence of MIAC, IAI, and microbial-
associated IAI in women with preterm premature rupture of membranes
Variables MIAC P value IAI P value Microbial-associated IAI P value

Positive  
(n = 60)

Negative  
(n = 108)

Positive  
(n = 70)

Negative  
(n = 98)

Positive  
(n = 50)

Negative  
(n = 118)

Plasma LBP, µg/mL 7.11 ± 4.31 5.41 ± 3.10 0.006 7.18 ± 4.51 5.19 ± 2.63 0.001 7.33 ± 4.52 5.46 ± 3.08 0.004
AF LBP, µg/mL 0.38 ± 0.48 0.21 ± 0.21 0.006 0.42 ± 0.46 0.17 ± 0.15 < 0.001 0.44 ± 0.51 0.21 ± 0.21 < 0.001
Plasma PTX3, ng/mL 7.78 ± 5.16 8.99 ± 8.57 0.426 8.56 ± 7.01 8.56 ± 7.92 0.452 7.62 ± 5.30 8.96 ± 8.29 0.976
AF PTX3, ng/mL 19.31 ± 18.53 2.81 ± 8.26 < 0.001 19.18 ± 18.38 1.19 ± 3.91 < 0.001 22.39 ± 18.30 2.95 ± 8.53 < 0.001
Plasma resistin, ng/mL 79.20 ± 133.25 53.11 ± 48.65 0.142 62.81 ± 53.09 61.98 ± 107.75 0.150 63.46 ± 55.47 61.84 ± 99.92 0.246
AF resistin, ng/mL 337.66 ± 359.11 70.21 ± 153.41 < 0.001 349.14 ± 355.33 34.47 ± 34.96 < 0.001 394.42 ± 367.45 69.30 ± 148.65 < 0.001
Plasma IGFBP-3, ng/mL 813.80 ± 130.71 849.68 ± 158.40 0.067 789.45 ± 126.29 870.74 ± 156.38 < 0.001 817.57 ± 109.02 845.04 ± 163.65 0.101
AF IGFBP-3, ng/mL 688.44 ± 358.31 771.72 ± 300.34 0.115 695.76 ± 364.27 775.10 ± 288.59 0.130 655.70 ± 366.43 778.31 ± 298.09 0.027
AF IL-8, ng/mL 19.76 ± 37.35 2.22 ± 5.56 < 0.001 19.23 ± 34.74 0.79 ± 1.17 < 0.001 23.48 ± 40.02 2.16 ± 5.35 < 0.001
Data are given as mean ± standard deviation.
MIAC = microbial invasion of the amniotic cavity, IAI = intra-amniotic inflammation, LBP = lipopolysaccharide binding protein, AF = amniotic fluid, PTX3 = 
pentraxin 3, IGFBP = insulin-like growth factor-binding protein, IL = interleukin.
Significant findings (P < 0.05) are indicated in bold fonts.



Table 2), and these differences remained significant also when adjusted for gestational age 
at sampling and parity (Table 3). However, based on univariate analyses, the decreased AF 
IGFBP-3 levels were significantly associated with only microbial-associated IAI, but not with 
MIAC and IAI. Similarly, in the multivariate analysis, the aforementioned concentration 
difference of the AF IGFBP-3 remained significant even after controlling for baseline 
covariates (i.e., gestational age at sampling and parity) (Table 3).

Assessing the utility of the various biomarkers in the plasma and AF for the 
prediction of MIAC, IAI, and microbial-associated IAI
Table 4 presents the diagnostic values of various biomarkers in the plasma and AF with 
respect to predicting the presence of MIAC, IAI, and microbial-associated IAI, and Fig. 1 
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Table 3. Relationship of various proteins in plasma and amniotic fluid with the presence of MIAC, IAI, and microbial-associated IAI, analyzed using multiple 
logistic regression
Predictors MIACa IAIb Microbial-associated IAIb

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Plasma LBP, µg/mL 1.132 (1.033–1.242) 0.008 1.178 (1.066–1.302) 0.001 1.148 (1.043–1.264) 0.005
AF LBP, µg/mL 3.939 (1.197–12.963) 0.024 37.140 (5.039–273.746) < 0.001 9.167 (2.341–35.900) 0.001
AF PTX3, ng/mL 1.120 (1.067–1.174) < 0.001 1.390 (1.210–1.597) < 0.001 1.132 (1.077–1.189) < 0.001
AF resistin, ng/mL 1.022 (1.015–1.028) < 0.001 1.034 (1.022–1.047) < 0.001 1.006 (1.003–1.009) < 0.001
Plasma IGFBP-3, ng/mL 0.997 (0.994–0.999) 0.007
AF IGFBP-3, ng/mL 0.998 (0.996–0.999) < 0.001
Serum CRP, mg/dL 1.328 (1.023–1.724) 0.033 2.405 (1.521–3.803) < 0.001 1.544 (1.162–2.050) 0.003
AF IL-8, ng/mL 1.186 (1.104–1.273) < 0.001 2.426 (1.685–3.493) < 0.001 1.233 (1.140–1.333) < 0.001
MIAC = microbial invasion of the amniotic cavity, IAI = intra-amniotic inflammation, LBP = lipopolysaccharide binding protein, AF = amniotic fluid, PTX3 = 
pentraxin 3, IGFBP = insulin-like growth factor-binding protein, CRP = C-reactive protein, IL = interleukin.
aAdjustment for gestational age at sampling; bAdjustment for gestational age at sampling and parity.
Significant findings (P < 0.05) are indicated in bold fonts.

Table 4. Diagnostic indices of various biomarkers in plasma and amniotic fluid to predict MIAC, IAI, and microbial-associated IAI
Variables Area (± SE) under the 

ROC curve
95% CI Cut-off valuea Sensitivityb (95% CI) Specificityb (95% CI) PPV NPV

MIAC
Plasma LBP, µg/mL 0.63 ± 0.05c 0.54–0.72 5.62 66.7 (53.3–78.3) 53.7 (43.9–63.4) 44.4 74.4
AF LBP, µg/mL 0.63 ± 0.05e 0.54–0.72 0.18 61.0 (47.4–73.5) 57.0 (47.1–66.5) 43.9 72.6
AF PTX3, ng/mL 0.86 ± 0.03d 0.80–0.93 4.06 74.1 (61.0–84.7) 90.7 (83.5–95.1) 81.1 86.6
AF resistin, ng/mL 0.85 ± 0.03d 0.78–0.92 77.07 78.0 (62.3–87.7) 85.0 (76.9–91.2) 74.2 87.5
Serum CRP, mg/dL 0.61 ± 0.05 0.52–0.70 0.37 58.3 (44.9–70.9) 58.3 (48.5–67.8) 43.8 71.6
AF IL-8, ng/mL 0.86 ± 0.03 0.80–0.92 3.31 78.0 (65.3–87.7) 89.8 (82.5–94.8) 80.7 88.2

IAI
Plasma LBP, µg/mL 0.65 ± 0.05c 0.55–0.74 5.86 67.1 (54.9–78.0) 64.3 (54.0–73.7) 57.3 73.3
AF LBP, µg/mL 0.72 ± 0.04e 0.64–0.80 0.15 73.9 (61.9–83.8) 57.7 (47.3–67.7) 55.4 75.7
AF PTX3, ng/mL 0.96 ± 0.01d 0.93–0.99 1.31 92.6 (83.7–97.6) 87.6 (79.4–93.4) 84.0 94.4
AF resistin, ng/mL 0.94 ± 0.02d 0.91–0.98 54.63 89.9 (80.2–95.8) 87.6 (79.4–93.4) 83.8 92.4
Plasma IGFBP-3, ng/mL 0.69 ± 0.04c 0.61–0.77 875.90 77.1 (65.6–86.3) 53.1 (42.7–63.2) 54.0 76.5
Serum CRP, mg/dL 0.67 ± 0.04 0.59–0.76 0.39 62.9 (50.5–74.1) 67.3 (57.1–76.5) 57.9 71.7
AF IL-8, ng/mL 0.97 ± 0.01 0.94–0.99 2.80 87.0 (76.7–93.9) 96.9 (91.3–99.4) 95.2 91.4

Microbial-associated IAI
Plasma LBP, µg/mL 0.64 ± 0.05c 0.54–0.74 5.86 68.0 (53.3–80.5) 59.3 (49.9–68.3) 41.5 81.4
AF LBP, µg/mL 0.70 ± 0.05e 0.61–0.79 0.22 63.3 (48.3–76.6) 69.2 (60.0–77.4) 46.3 81.8
AF PTX3, ng/mL 0.93 ± 0.02d 0.90–0.97 4.06 88.5 (69.9–97.6) 92.4 (84.2–97.2) 79.3 96.1
AF resistin, ng/mL 0.92 ± 0.02d 0.88–0.96 77.07 89.8 (77.8–96.6) 84.6 (76.8–90.6) 71.0 95.2
AF IGFBP-3, ng/mL 0.61 ± 0.05e 0.51–0.71 750.32 65.3 (50.4–78.3) 53.8 (44.4–63.1) 37.2 78.8
Serum CRP, mg/dL 0.65 ± 0.05 0.55–0.75 0.46 60.0 (45.2–73.6) 66.9 (57.7–75.3) 43.5 79.8
AF IL-8, ng/mL 0.93 ± 0.02 0.89–0.97 3.31 89.8 (77.8–96.6) 89.0 (81.9–94.0) 77.2 95.5

MIAC = microbial invasion of the amniotic cavity, IAI = intra-amniotic inflammation, SE = standard error, ROC = receiver-operating characteristic, CI = confidence interval, 
PPV = positive predictive value, NPV = negative predictive value, LBP = lipopolysaccharide binding protein, AF = amniotic fluid, PTX3 = pentraxin 3, CRP = C-reactive 
protein, IGFBP = insulin-like growth factor-binding protein, IL = interleukin.
aCut-off values corresponding to the highest sum of sensitivity and specificity; bValues are given as % (95% CI); cP > 0.05 compared to serum CRP by the method proposed 
by DeLong et al.; dP > 0.05 compared to AF IL-8 by the method proposed by DeLong et al.; eP < 0.001 compared to AF IL-8 by the method proposed by DeLong et al.



shows their ROC curves. The ROC curve analysis showed that the best cutoff value of plasma 
LBP was 5.62 µg/mL, with a sensitivity of 66.7% and a specificity of 53.7% for predicting 
the presence of MIAC and an AUC of 0.63 (Fig. 1A). For the identification of IAI, the AUC 
values of plasma LBP and IGFBP-3 were 0.65 and 0.69, respectively (Fig. 1B), and the AUC 
that identified microbial-associated IAI was 0.64 for plasma LBP (Fig. 1C). Moreover, the 
AUCs of the aforementioned plasma biomarkers were similar to those of the serum CRP with 
respect to the corresponding outcome variables shown to be statistically associated with all 
independent variables in the multivariate analysis (P = 0.363–0.713).

The AUC values of the AF LBP, PTX3, and resistin for the prediction of MIAC were 0.63, 0.86, 
and 0.85, respectively (Fig. 1A). For the identification of IAI, the AUC values of the AF LBP, 
pentraxin 3, and resistin were 0.72, 0.96, and 0.94, respectively (Fig. 1B). Moreover, the AUCs 
that identified microbial-associated IAI were 0.61 for AF IGFBP-3, 0.70 for AF LBP, 0.93 for 
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Fig. 1. (A) ROC curves of plasma LBP and AF LBP, PTX3, and resistin for predicting microbial invasion of the amniotic cavity. (B) ROC curves of plasma LBP and 
IGFBP-3, and AF LBP, PTX3, and resistin for predicting intra-amniotic inflammation. (C) ROC curves of plasma LBP and AF LBP, PTX3, resistin, and IGFBP-3 for 
predicting microbial-associated IAI. 
LBP = lipopolysaccharide binding protein, AF = amniotic fluid, PTX3 = pentraxin 3, IGFBP = insulin-like growth factor-binding protein, ROC = receiver-operating 
characteristic.



AF PTX3, and 0.92 for AF resistin (Fig. 1C). Differences in the AUCs between AF PTX3 and 
resistin were not statistically significant in predicting each of the three outcome variables. 
However, the AUCs for AF PTX3 and resistin were significantly larger than that for AF LBP 
for the prediction of each of the three outcome variables (P < 0.001 for each). Similarly, the 
pairwise AUC comparisons for AF IL-8 revealed that the AUCs of AF PTX3 and resistin were 
not significantly different from that of AF IL-8, whereas the AUC of AF LBP was significantly 
smaller than that of AF IL-8 for the prediction of each of the three outcome variables.

DISCUSSION

The principal findings of this study are as follows: 1) in women with PPROM, elevated plasma 
and AF levels of LBP were independently associated with increased risks of MIAC, IAI, and 
microbial-associated IAI; 2) elevated AF, but not plasma, PTX 3 and resistin levels were 
independently associated with increased risks for MIAC, IAI, and microbial-associated IAI; 3) 
decreased IGFBP-3 levels in the plasma were independently associated with only IAI, whereas 
those in the AF were associated with only microbial-associated IAI; 4) among the tested 
biomarkers, AF PTX3 and resistin have the highest predictive performance for MIAC, IAI, 
and microbial-associated IAI (AUC = 0.85–0.95; which is similar in performance to AF IL-8), 
whereas plasma LBP and IGFBP-3 performed similarly to the serum CRP level at predicting 
IAI; and v) resistin levels in the plasma were significantly, but weakly, correlated with those 
in the AF samples, whereas the LBP, pentraxin 3, and IGFBP-3 levels in the plasma were not 
correlated with those in the AF samples. To our knowledge, the current study is the first to 
assess the levels of LBP, PTX3, resistin, and IGFBP-3 in the plasma of women with PPROM in 
relation to the presence of MIAC, IAI, and microbial-associated IAI.

In the current study, we demonstrated that AF PTX3 and resistin as invasive biomarkers have 
the best diagnostic performance for MIAC, IAI, and microbial-associated IAI, with good or 
excellent discriminatory power (AUC = 0.85–0.94, Table 4). In particular, these biomarkers 
showed similar diagnostic indices for the studied outcomes to those of AF IL-8, which is 
known to be the strongest marker for the identification of MIAC/IAI risk in women with 
PPROM.12,32 The present study also showed that LBP and IGFBP-3 (but not PTX3 and resistin) 
in the plasma may be potential novel non-invasive biomarkers for MIAC/IAI in pregnancies 
complicated by PPROM. Nevertheless, their clinical utility as non-invasive biomarkers is 
potentially limited due to their relatively small AUCs (0.63–0.69, Table 4), although their 
plasma levels demonstrated similar diagnostic performance as serum CRP. Collectively, our 
data suggest that the assessment of protein levels using maternal blood samples is of limited 
clinical value for the non-invasive identification of PPROM pregnancies complicated by 
MIAC/IAI.

An important finding that should be highlighted in this study is that LBP and IGFBP-3 are 
potential novel biomarkers for identifying IAI in plasma samples as well as AF. LBP, an 
acute-phase protein that is produced mainly by hepatocytes, binds with high affinity to LPS, 
transfers LPS to CD14 (macrophages and monocytes), and initiates the pro-inflammatory 
host response through the triggering of cytokine production.16 To our knowledge, only 
one cross-sectional study has been conducted that involved the AF. The aforementioned 
study was conducted by Espinoza et al.19 and they showed that levels of AF LBP were not 
significantly altered in PPROM patients with MIAC. Their results on AF LBP are different from 
those of the current study. The reason for the discrepancy may be attributable to the small 
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sample size (n = 52) used in the previous study carried out by Espinoza et al.19 Additionally, 
a previous study involving plasma from women with PPROM, conducted by Chen et al.,33 
reported significantly increased levels of plasma LPS in histological chorioamnionitis. 
Similarly, in this study, we demonstrated that plasma LBP is independently associated with 
increased risk for MIAC, IAI, and microbial-associated IAI, although their predictive values 
for these outcomes are unsatisfactory for clinical use (AUC = 0.63–0.70, Table 4). Given the 
reported significant association of HCA with MIAC/IAI in PPROM,7,32,34 the results of plasma 
LBP in the present study are in line with those in a previous report by Chen et al.33

IGFBP-3, the major IGFBP in the serum (responsible for approximately 80% of insulin-like 
growth factor [IGF]-1 and IGF-2 binding), is mainly produced by the liver Kupffer cells and 
regulates the biological activity of IGF, which is involved in mitogenic, anti-inflammatory, 
and anti-apoptotic action and idiopathic spontaneous preterm births.22,35,36 In particular, 
IGFBP-3 has been shown to inhibit IGF activity, thus inducing apoptosis and exerting both 
pro- and anti-inflammatory effects.22 Consistent with its known biology, in the context of 
systemic inflammation, DeBoer et al.37 showed that lower levels of serum IGFBP-3 and IGF-1 
in children were associated with a mild degree of systemic inflammation (as evidenced by 
elevated CRP in the serum). Similarly, Lee et al.38 reported a significant association between 
the ratio of IGF-I/IGFBP-3 in the serum and inflammation in incident automated peritoneal 
dialysis patients. Furthermore, a previous study involving plasma from asymptomatic women 
in the mid-trimester has shown low IGFBP-3 levels in women with subsequent spontaneous 
preterm birth after 32 weeks.39 However, to date, there has been no report on the altered 
expression of IGFBP-3 in maternal plasma and AF during intra-amniotic infection-related and 
inflammatory conditions that occur during pregnancy. In this study, a high plasma IGFBP-3 
level was significantly associated with only IAI, but not with MIAC and microbial-associated 
IAI, whereas the IGFBP-3 level in the AF was significantly associated with microbial-
associated IAI only, but not MIAC and IAI.

PTX3, the prototypic long pentraxin, is an essential component of the humoral arm of 
innate immunity and acts as an acute phase response protein.17 This protein is mainly 
produced by macrophages, activated leukocytes, dendritic cells, and endothelial cells in 
response to primary inflammatory stimuli,17 in contrast to the short pentraxin CRP, which 
is mainly produced in hepatocytes in response to inflammatory mediators, particularly 
IL-6.40 Recent studies on AF have shown that PTX3 is the physiologic constituent of AF and 
its expression levels are increased in the AF during histological chorioamnionitis, MIAC, or 
IAI in pregnancies complicated by PPROM.20,41,42 These findings are in line with the results 
of our study on AF and suggest that PTX3 in AF may play an important role in the regulation 
of host response to intra-amniotic infection and inflammation. However, to date, few 
studies, especially those based on consecutive data, have been carried out to investigate the 
association between the altered expression of PTX3 in plasma and MIAC/IAI in the context 
of PPROM. Unlike previous studies on AF, we have demonstrated that the changes in PTX3 
levels in plasma are not associated with intra-amniotic infection-related and inflammatory 
conditions that may occur during PPROM.

Resistin, also known as adipose tissue-specific secretory factor, is mainly secreted by 
inflammatory cells (e.g., monocytes and macrophages) in humans (although it is secreted 
solely from adipose tissues in rodents), and plays an important role in inflammatory 
processes.18 Resistin displayed potent pro-inflammatory properties that contribute to the 
increased expression of several pro-inflammatory cytokines (e.g., IL-1, IL-6, IL-12, and 
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tumor necrosis factor-α) primarily through an nuclear factor kappa B-mediated pathway.18 
In agreement with the biological characterization of resistin, a previous cross-sectional 
study on AF showed that high AF concentrations of resistin are associated with IAI in women 
with PPROM,21 which is consistent with the results of the present study. However, to date, 
no report has been published on the association between altered expression of resistin in 
the plasma and MIAC/IAI in pregnancies complicated by PPROM. Contrary to the results 
obtained from the AF analysis, the current study did not show that elevated resistin levels 
in plasma were significantly associated with MIAC/IAI in women with PPROM, even though 
several studies have shown a significant correlation between elevated blood resistin levels 
and systemic inflammation, which occurs during conditions such as acute pyelonephritis, 
atherosclerosis, and arthritis.43,44 The results of this study support the role of resistin in the 
regulation of local (but not systemic) infectious/inflammatory responses when the primary 
site of infection is the amniotic cavity.

The important question in the current study is: what are the differences in protein 
characteristics between useful (i.e., CRP, LBP, and IGFBP-3) and non-useful biomarkers (i.e., 
PTX3 and resistin; AF-based biomarkers) in the plasma for IAI detection? This is likely related 
to the location where a specific protein is produced and how much time has passed before 
the detection of proteins in the plasma after exposure to the infection and inflammation 
(peak plasma concentrations 6–8 hours for PTX3 vs. 36–48 hours for CRP),45 as well as how 
much time is required for the clearance of the protein from the blood. As potential plasma 
markers that reflect the infectious/inflammatory status of the amniotic cavity, CRP, LBP, 
and IGFBP-3 are proteins with common characteristics which are produced in the liver after 
in utero microbial exposure. In contrast, PTX3 and resistin are produced only by immune 
cells at the original site of infection (i.e., AF), and, thus, work only as mediators of local 
inflammatory response (i.e., AF-based biomarkers) in detecting MIAC/IAI,16,18,22,45 but may 
not be reflected in altered proteins in the blood.

The present study had several limitations that are worth mentioning. First, the MIAC was 
detected using conventional cultivation methods only, which did not include molecular 
techniques (for example, broad-range 16S rDNA polymerase chain reaction [PCR]), even 
though previous studies have reported the complementary role of PCR and culture-based 
methods for identifying microbes in the AF.46,47 Second, the study was retrospective and 
conducted in a single hospital, and the suggested cutoff values were not externally validated 
in independent cohorts, all of which may limit the generalizability of our findings. Third, we 
did not discover novel plasma-based biomarkers to replace serum CRP (a prototype marker 
of inflammation or infection) for the outcome measures examined here, as biomarkers 
identified in plasma samples (LBP and IGFBP-3) exhibited a predictive ability similar to that 
of the serum CRP.

In conclusion, we have shown that LBP and IGFBP-3 are potential novel biomarkers for 
identifying IAI in minimally invasive plasma samples from women with PPROM and that their 
accuracies are similar to that of the serum CRP level. AF LBP, PTX3, resistin, and IGFBP-3 
may be involved in the intra-amniotic inflammatory responses in PPROM complicated by 
MIAC. Among the measured proteins, PTX3 and resistin in the AF are the best invasive 
biomarkers for identifying PPROM patients at risk for MIAC/IAI, with similar diagnostic 
performance as AF IL-8. Further studies are needed to confirm our findings in other cohorts 
and to explore the mechanistic role and clinical significance of LBP and IGFBP-3, which are 
significantly altered in plasma from PPROM pregnancies complicated by IAI.
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