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Abstract

Background Preterm delivery (PTD) is a major cause of neonatal morbidity and mortality, and maternal C-reactive
protein (CRP) may serve as an inflammatory marker linked to its risk, with diabetes potentially influencing this
association.

Objectives To evaluate the association between maternal CRP levels and PTD risk and assess whether diabetes
modifies this relationship.

Methods This retrospective observational study included 3,089 singleton pregnancies with available CRP and
covariate data from 2015 to 2022. Maternal serum CRP was measured using immuno-turbidimetry and categorized
into tertiles (cut-points at 2.3 mg/L and 4.7 mg/L). Logistic regression models estimated odds ratios (ORs) for PTD, and
stratified analyses evaluated interaction by diabetes status.

Results Among 3,089 pregnancies, 208 (6.7%) were preterm. CRP concentrations were slightly higher in PTD cases
than in term births (3.5 vs. 3.3 mg/L; P=0.042). Logistic regression showed a positive association between the highest
CRP tertile and PTD in both unadjusted (3=0.28) and adjusted models (3 =0.42). Diabetes significantly modified

this association. In stratified analyses, CRP tertiles were not associated with PTD among women without diabetes
(T3vs. T1:OR=1.16,95% Cl: 0.75-1.78), whereas among women with diabetes, being in the highest CRP tertile was
associated with a substantially higher risk of PTD (OR=2.73,95% Cl: 1.44-5.15).

Conclusion Elevated maternal CRP levels were associated with higher PTD risk only among women with diabetes,
suggesting that inflammation may play a more prominent etiologic role in this subgroup.
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Introduction

Preterm delivery (PTD), defined as birth before 37 weeks
of gestation, remains a major global public health chal-
lenge. According to the World Health Organization
(2015), approximately 10.6% of live births worldwide
in 2014 were preterm, with 91% occurring in low- and
middle-income countries [1]. Population-based data indi-
cate that the national PTD rate in China is approximately
6%—7% [2, 3], with an estimated 1.17 million preterm
births annually [4]. PTD complications are the lead-
ing cause of death among children under 5 years of age,
accounting for approximately 900,000 deaths in 2019 [5].

With the implementation of the three-child policy
in China, the proportion of older pregnant women has
increased [6], and the national PTD burden is expected
to rise further. These demographic shifts underscore the
importance of understanding the biological mechanisms
underlying PTD.

PTD is considered a syndrome triggered by multiple
factors, including intrauterine infection or inflammation,
placental ischemia or bleeding, uterine overdistension,
hormonal imbalances, and other immune-mediated pro-
cesses [7]. Despite substantial research efforts, the exact
mechanisms driving PTD are yet to be fully elucidated.

Inflammation is a central pathway implicated in PTD.
C-reactive protein (CRP), a widely used acute-phase
inflammatory marker, increases rapidly in response to
infection or tissue injury. Although elevated CRP levels
measured in early or mid-pregnancy have been associ-
ated with PTD in previous studies [8, 9], fewer studies
have evaluated CRP levels measured close to delivery,
which may more directly reflect peripartum inflamma-
tory activation immediately preceding birth. In high-risk
populations such as women with preterm labor or pre-
term prelabor rupture of membranes (PPROM), elevated
maternal CRP concentrations within a few days before
delivery have been associated with intra-amniotic infec-
tion, histologic chorioamnionitis, funisitis, and early-
onset neonatal sepsis [10-13], although the overall
diagnostic performance of CRP as a stand-alone marker
is modest.

Diabetes is a well-established risk factor for PTD [14],
with studies showing that women with gestational diabe-
tes or pre-existing diabetes are at higher risk for sponta-
neous PTD [15, 16]. Hyperglycemia induces the release
of pro-inflammatory cytokines, activating inflammation-
related signaling pathways that disrupt placental and
uterine function, further elevating the risk of PTD [17].

Numerous studies have shown that interactions
between various factors significantly affect the risk of
PTD. For instance, advanced maternal age combined
with parity [18], hypertension with polycystic ovary syn-
drome [19], and hypertension with a history of PTD [20],
all substantially increase this risk. Diabetes is also linked
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to elevated risk through its interaction with maternal
characteristics like age and smoking [21, 22], with ges-
tational diabetes and advanced maternal age together
posing an especially high risk. Additionally, research
indicates that diabetes interacting with inflammatory fac-
tors significantly raises the incidence of cardiovascular
and endpoint events [23, 24]. However, studies directly
examining the interaction between diabetes and inflam-
matory factors in PTD risk are limited.

This study aims to explore the effects of diabetes and
inflammation on PTD, and further examine the interac-
tion between CRP levels and diabetes.

Materials and methods

Study design and population

This study was a retrospective observational study based
on obstetric medical records from the People’s Hospital
of Pingyang, Wenzhou, Zhejiang Province, China. The
hospital is the primary healthcare provider in Pingyang
County and serves as the only tertiary hospital in the
region and most expectant mothers in the area choose
this hospital for their deliveries consequently. The hospi-
tal utilizes an efficient information system to record the
demographic and clinical data of all patients.

All singleton pregnancies resulting in live births
between January 2016 and December 2022 were eligible
for inclusion. We excluded women who (1) lacked data
on the last menstrual period (LMP), CRP or any of the
covariates included in the final models, (2) were younger
than 18 years, or (3) experienced intrauterine fetal death.
A flow diagram of the study population selection is pro-
vided in Fig. 1.

This study was approved by the Medical Research Eth-
ics Committee of the School of Public Health, Fudan
University (IRB00002408; FWA00002399). As this ret-
rospective study used existing de-identified clinical data
with no contact with participants, the requirement for
informed consent was waived by the Ethics Committee.

Assessment of the main variables

The primary outcome of this study was PTD, defined
as birth before 37 weeks of gestation [25]. Gestational
age was initially calculated based on the last menstrual
period (LMP) and subsequently confirmed and cor-
rected using ultrasound measurements. CRP levels were
obtained from the most recent antenatal examination
records prior to delivery and serum CRP was measured
using an immuno-turbidimetry assay (Pumo PA-990
Pro, Pumo, China). In clinical obstetric practice, CRP is
commonly measured during antenatal care or at hospi-
tal admission when clinicians need to evaluate maternal
inflammatory status or rule out potential infection. If
multiple CRP measurements were available for the same
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20,217 singleton pregancies
from 2016 to 2022
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Excluded: post-term deliveries (N=24)

20,193 included
(18,901 term deliveries, 1292 PTD,

PTD rate 6.39%)

 J

12,644 included
(11,826 term deliveries, 818 PTD,
PTD rate 6.92%)

Excluded missing CRP data
(N=7,549; including 474 PTD)

\ J

Excluded missing BMI, gravidity, parity
data (N=9,555; including 610 PTD)

Final analytic sample: 3,089
(2,881 term deliveries, 208 PTD,

PTD rate 6.73%)

Fig. 1 Flowchart of the study population. CRP, C-reactive protein; PTD, preterm delivery

pregnancy, only the value closest to delivery and prior to
labor onset was used.

Covariates

The covariates included maternal age, parity (number
of previous live births), gravidity, diabetes mellitus dur-
ing pregnancy, hypertensive disorders of pregnancy, pre-
pregnancy BMI category, and the time interval between
CRP measurement and delivery (days). Information on
age, parity, and gravidity was recorded by the physician
at the first pregnancy registration visit. Pre-pregnancy
BMI was categorized as < 18.5, 18.5-23.9, 24.0-27.9, and
> 28.0 kg/m?® according to the Chinese adult BMI classifi-
cation criteria [26].

Diabetes mellitus during pregnancy was defined
according to the 2022 Chinese guideline on hypergly-
cemia in pregnancy [27]. In this study, diabetes status
during pregnancy encompassed both pre-gestational dia-
betes mellitus (PGDM) and gestational diabetes mellitus
(GDM), representing the two major categories under the
broader concept of “hyperglycemia in pregnancy” GDM
was diagnosed using a one-step 75-g oral glucose toler-
ance test (OGTT) at 24—28 weeks of gestation, with diag-
nostic thresholds of fasting plasma glucose > 5.1 mmol/L,
1-hour glucose = 10.0 mmol/L, or 2-hour glucose = 8.5
mmol/L. For analysis, diabetes status during pregnancy
was treated as a binary variable (yes/no), indicating the
presence of either PGDM or GDM.

Hypertensive disorders of pregnancy included chronic
hypertension, gestational hypertension, preeclampsia,
and eclampsia. Hypertension was defined as systolic

blood pressure > 140 mmHg and/or diastolic blood pres-
sure > 90 mmHg on at least two occasions after 20 weeks
of gestation. Preeclampsia was diagnosed as new-onset
hypertension accompanied by proteinuria (= 0.3 g/24
h or protein—creatinine ratio > 0.3) or other maternal
organ dysfunction or uteroplacental complications, in
accordance with the 2020 Chinese guideline [28]. Hyper-
tensive disorders of pregnancy were treated as a binary
variable (yes/no), defined as the presence of any of these
conditions.

Statistical analysis

Statistical analyses were performed using R software
(version 4.4.1; R Foundation for Statistical Computing,
Vienna, Austria). Continuous variables were summarized
as means and standard deviations (SDs) or medians and
interquartile ranges (IQRs), depending on distribution.
Categorical variables were summarized as counts and
percentages. Group differences were assessed using the
chi-square test or Fisher’s exact test for categorical vari-
ables, and the Wilcoxon rank-sum test for non-normally
distributed continuous variables.

CRP levels were categorized into tertiles based on the
distribution of serum CRP concentrations within the
study population, consistent with previous epidemio-
logical studies that employed tertile-based grouping to
represent increasing inflammatory levels [29-31]. Logis-
tic regression models were used to estimate odds ratios
(ORs) and 95% confidence intervals (Cls) for the asso-
ciation between CRP tertiles and the risk of PTD, using
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the lowest tertile as the reference category. Three logistic
regression models were fitted:

P(PTD=1)
(I—P(PTDZ 1))
=p¢+ B ,CRPr2 + 5 ,CRPrs.

Model 1:

Model 2:

P(PTD = 1)

log <m> =80+ B81CRPr2 + 8 ,CRPrs + Z i X

Model 3:

log (lfggTD;Ql)) =B+ B81CRPrz + 8 ,CRPrs + B 3DM + 8, (CRPrz x DM)
+8 5 (CRPp3 x DM) + 3,7, X;.

denotes the probability of PTD, and are indicator vari-
ables for the middle and highest CRP tertiles, includes
maternal age, BMI category, gravidity, parity, hyperten-
sion status, diabetes status, and time from CRP mea-
surement to delivery. Interaction effects were evaluated
using likelihood ratio tests comparing Model 3 with
Model 2.

Because Model 3 included interaction terms between
CRP tertiles and diabetes status, the odds ratios for CRP
tertiles varied by diabetes status. Therefore, stratified
effects were derived from the coefficients of the interac-
tion model as follows:

Among women without diabetes (DM =0):

OR(TyvsTy | DM =0)=¢%1, OR(Tyvs Ty | DM =0) = P>

Among women with diabetes (DM =1):

OR (T vsTy | DM =1)=¢f 1784 OR(Tyvs Ty | DM =1) = #2775

The variance of each combined coefficient (e.g., ) was
computed using the model’s variance—covariance matrix,
and 95% confidence intervals were obtained as:

C1195% = exp [ﬂ comb + 1.96- SE (6 comb” ’

SE (B com,) = /Var (8,) + Var (8 ;) +2- Cov (3,.5 )

To assess model adequacy, we additionally conducted
diagnostic evaluations for all multivariable logistic
regression models. Model fit was examined using the
Hosmer—Lemeshow goodness-of-fit test, multicollinear-
ity was assessed using variance inflation factors (VIF),
and calibration was evaluated using bootstrap-based
calibration curves derived from the rms package. As a
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sensitivity analysis, CRP was additionally modeled as
a log-transformed continuous variable, and regression
models analogous to Models 2 and 3 were fitted using
log-transformed CRP. We additionally performed an
exploratory analysis of CRP tertile distribution across
detailed gestational-age subgroups (very preterm, mod-
erate preterm, late preterm, and term births). All analyses
were performed on complete cases, as pregnancies with
missing data on exposure or covariates were excluded.
A two-sided p-value<0.05 was considered statistically
significant.

Results

Descriptive statistics and univariate analysis

A total of 3,089 singleton pregnancies were included in
the final analysis, of which 208 (6.7%) resulted in pre-
term delivery (PTD). The comparison of maternal and
clinical characteristics between women who delivered
preterm and those who delivered at term is presented
in Table 1. The PTD group displayed distinct clinical
characteristics compared with women who delivered
at term. Those with preterm delivery were more fre-
quently aged>35 years (31.7% vs. 21.2%, P<0.001) and
had a markedly higher prevalence of diabetes (37.0% vs.
22.5%, P<0.001). Although pre-pregnancy BMI catego-
ries differed significantly between groups (P=0.032), no
clear directional pattern emerged, and BMI did not show
a consistent association with PTD. In addition, gravid-
ity and parity distributions varied significantly between
groups (P=0.012 and P=0.020, respectively). Addition-
ally, women in the PTD group had a substantially shorter
gestational age at delivery (median 35.0 weeks [IQR:
34.0-36.0] vs. 39.0 weeks [IQR: 38.0-40.0], P<0.001)
and gave birth to infants with significantly lower birth
weight (2.58+0.46 kg vs. 3.34+0.38 kg, P<0.001), as
expected. Median CRP levels were also elevated among
preterm cases (3.5 mg/L) compared with term deliveries
(3.3 mg/L, P=0.042).

Association between CRP and preterm delivery

Results of the logistic regression analyses are summa-
rized in Table 2. In the unadjusted model (Model 1),
women in the highest CRP tertile (>4.7 mg/L) had a
higher likelihood of experiencing PTD (=0.28, P<0.05).
After adjustment for all covariates—including maternal
age, BMI, hypertension, diabetes, gravidity, parity, and
the interval from CRP testing to delivery—the associa-
tion observed for the highest CRP tertile was significant
(p=0.42, P<0.05) in Model 2. Notably, adding an interac-
tion term between CRP tertiles and diabetes status signif-
icantly improved model performance (Model 3 vs. Model
2: x* = 6.32, P=0.042). The interaction effect for the high-
est CRP tertile and diabetes was statistically significant
(=0.911, P<0.05).
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Table 1 Descriptive statistics and univariate analysis of maternal
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Table 2 || Multivariable Logistic Regression Models

characteristics Predictor B (Model 1) B(Model2) B (Model3)
Characteristic Preterm Term P-value Tertile 2 (23<CRP<4.7mg/L) 0.012 0.083 -0.157
(n=208)  (n=2881) Tertile 3 (CRP>4.7 mg/L). 0284 0419* 0.124
N (%) N (%) Diabetes status 0681%* 0071
Maternal <35 142 (68.3%) 2269 <0.001° Age =35 years 0.432% 0.417*
age(year) (78.8%) Gravidity (1-2 times) 0.128 0.126
=35 66(31.7%) 612 (21.2%) Gravidity (>3 times) 0478 0,499
Ere{;pregnarjc(j Underweight 1 (0.5%) 22 (0.8%) 0.027° Parity (1-2 times) 0236 0229
o] mass indaex 0 0
a /zqz) (N)‘j;:j;gm 216 i:; 0;‘3 ?2;(22'0 %) party (>3 times) 0.966 0.925
(44.9%) underwaght -0.827 —0.765*
Obese 50 (240%) 931 (32.3%) Zgirsvge‘ght 832*** 832?***
Diabetes Status  no 131 (63.0%) 2232 <0.001° )
(77.5%) Hypertension 0.263 0.284
yes 77 (37.0%) 649 (22.5%) Time from CRP measurement to -0.013 -0.013
Hypertension no 198 (95.2%) 2775 0.524° de\\Yery (days)
Status (96.3%) Tertile 2 x Diabetes status - 0.773
yes 10 (4.8%) 106 (3.7%) Tertile 3 X Diabetes status - 0.911*
Gravidity(times) None 55 (264%) 875 (304%) 0.012° i/I\']t:jber:viations:PTD Preterm delivery, CRP C-reactive protein, BM/ Body mass
1-2 89(42.8%) 1376 B coefficients were obtained from logistic regression models; a likelihood ratio
(47.8%) test comparing Model 2 with Model 3 indicated that inclusion of the interaction
3 or more 64 (30.8%) 630 (21.9%) terms significantly improved model fit (x* = 6.32, df=2, p=0.042). * P<0.05, **
Parity(times)  None 87 (41.8%) 1306 0.020° p<0.01, 7 P<0.001
(45.3%)
1-2 116 (55.8%) 1558
(54.1%) Table 3 Odds Ratios for Preterm Delivery by CRP Tertiles
3 or more 5 (2.4%) 17 (0.6%) Stratified by Maternal Diabetes Status
Neonatal birth ~ Mean +SD 258+046 334+038 <0.00] CRP groups ~ Without Diabetes (1=2363) With Diabetes
weight (kg) ¢ (n=726)
GA at delivery Median (IQR) 35(34-36) 39(38-40) <0.0019 aOR 95%(Cl aOR 95%Cl
(weeks) T 1.00 reference  1.00 reference
GA at CRP Median (IQR) 350 389 <0.001¢ T2 0.87 (0.55,1.36) 1.87 (0.97,3.61)
measurement (3440—36.0) (37.9—39.3) T3 1.16 (0‘751 1 .78) 27 (1 44,51 5)
(weeks) Trend test p p
Time from CRP Median (IQR) 0.0 10 <0001¢ 0703 0,002
measurement to (0.0-1.0) (0.0-2.0) -
delivery (days) T;,3T2,g;;i;l’2 ;epre/ssn;;iét';lss o4f;nate/rll_'1)al CRP levels: T1 (CRP < 2.3 mg/L), T2
CRP (mg/L) Median (IQR) 3.5 33 0,042 (23 < CRP =87 mat) T
(2.0-7.0) (1.9-5.5)

Abbreviations:N Number, CRP C-reactive protein, IQR Interquartile range, GA
Gestational age

2p value was derived from the chi-square test. °P value was derived from the
Fisher's exact test. P value was derived from the Welch t-test. ¢ P value was
derived from the rank-sum test

The stratified analysis (Table 3) further demon-
strated that diabetes status modified the association
between CRP and PTD. Among women without diabetes
(n=2,363), CRP tertiles were not significantly related to
PTD risk, including the comparison between the highest
and lowest tertiles (T3 vs. T1: OR=1.16, 95% CI: 0.75—
1.78). In contrast, among women with diabetes (n="726),
those in the highest CRP tertile had a markedly increased
risk of PTD (OR=2.73, 95% CI: 1.44-5.15), with a sig-
nificant trend of increasing risk across tertiles (P for
trend =0.002).

Model diagnostics indicated that the multivari-
able logistic regression models demonstrated accept-
able goodness-of-fit (Hosmer—Lemeshow test: p=0.348
for Model 2; p=0.936 for Model 3), and no evidence of
problematic multicollinearity was observed (all VIF <4).
Bootstrap calibration curves suggested good agreement
between predicted and observed probabilities.

Supplementary and robustness analyses

We performed multiple supplementary analyses to verify
the robustness of our main results and to address meth-
odological considerations.

First, to evaluate potential selection bias introduced by
the complete-case analysis, we compared baseline char-
acteristics of the final analytical cohort (n=3,089) with
those of participants who were excluded due to missing
data. As shown in Supplementary Table 1, the preterm
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birth rate among women with missing CRP data (6.28%)
was similar to that of the CRP-available group (6.92%),
indicating that exclusion due to missing CRP was unlikely
to introduce substantial selection bias.

Second, a sensitivity analysis treating CRP as a log-
transformed continuous variable yielded findings con-
sistent with the main results. The positive association
between CRP and PTD remained statistically significant
in the fully adjusted Model 2 (f=0.300, P<0.001), and
the interaction between CRP and diabetes status contin-
ued to be significant in Model 3 ($=0.371, P=0.027), as
shown in Supplementary Table 2.

Third, we explored CRP distribution across more
detailed gestational-age categories. After subdividing
PTD into very preterm (28-31 weeks), moderate pre-
term (32—33 weeks), and late preterm (34—36 weeks), the
distribution of CRP tertiles showed no significant dif-
ferences across these PTD subtypes or term births (x> =
9.55, df=6, P=0.1449), as presented in Supplementary
Table 3.

Finally, diagnostic checks indicated that the multivari-
able models demonstrated sound statistical properties.
All variance inflation factors (VIFs) were below 4, indi-
cating an absence of problematic multicollinearity among
covariates. The Hosmer—Lemeshow goodness-of-fit tests
further supported adequate calibration of the adjusted
models (P> 0.50).

Discussion
The present retrospective observational study explored
the association between maternal CRP levels close to
delivery and the risk of PTD, finding that this associa-
tion was significantly modified by the woman’s diabetes
status. The preterm birth rate observed in our analytic
sample (6.7%) is also consistent with previously reported
national estimates for China: a large pooled analysis
reported a rate of 6.09% (95% CI: 5.86—6.31%) between
1990 and 2016 [2], and global estimates for 2015-2016
also indicated a national rate of approximately 6.9% [3].
Univariate analyses revealed that women who delivered
preterm were significantly older and had a higher preva-
lence of diabetes, gravidity, and parity compared to the
term group. In the multivariable models, higher CRP
levels were associated with an increased risk of PTD,
and this effect was notably concentrated and amplified
among women with diabetes, confirming a statistically
significant interaction. This finding highlights a potential
synergistic pathway where chronic metabolic stress (dia-
betes) combined with heightened peripartum inflamma-
tory status (elevated CRP) significantly increases the risk
of preterm delivery.

We observed that the proportion of women aged > 35
years was significantly higher in the preterm group com-
pared to the term group. This finding is consistent with
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previous studies [32], which have demonstrated that
advanced maternal age increases the risk of PTD due to
physiological changes associated with aging. Data also
shows that both nulliparity (first pregnancy) and high
parity elevate the risk of PTD. Nulliparous women may
be more prone to cervical insufficiency due to a lack of
prior cervical dilation, while those with high parity may
experience cervical damage from multiple pregnan-
cies, further increasing PTD risk [33]. Although pre-
pregnancy BMI differed significantly between groups,
the distribution showed no clear directional trend, and
thus BMI did not demonstrate a meaningful association
with PTD risk. Diabetes may contribute to PTD through
mechanisms such as hyperglycemia-induced endothelial
dysfunction, oxidative stress, and impaired vasodilation
[34]. Although we observed a statistically significant dif-
ference in the timing of CRP measurement between the
PTD and term groups, the magnitude of this difference
was clinically negligible, with highly overlapping inter-
quartile ranges (median difference of only 1 day). Cru-
cially, the sampling—delivery interval was not associated
with PTD in any of the adjusted logistic regression mod-
els, indicating that it did not confound the relationship
between CRP levels and PTD. These findings indicate
that minor variability in CRP measurement timing may
not have a major influence on the overall findings.

In our analysis, the increased risk of PTD was concen-
trated in the highest CRP tertile (> 4.7 mg/L), whereas
the middle tertile showed little difference from the low-
est tertile. Several studies have identified clinically
meaningful CRP thresholds in relation to preterm birth.
One study reported that CRP levels > 8 mg/L in early
pregnancy were associated with more than a two-fold
increase in the risk of PTD [35], while another investiga-
tion found that a CRP cut-off of approximately 5.3 mg/L
could predict preterm delivery with reasonable sensitivity
and specificity [36]. Taken together, these findings sug-
gest that higher CRP concentrations—particularly those
in the upper tail of the distribution—may reflect a thresh-
old above which inflammatory activation becomes more
relevant to PTD risk.

As an inflammatory marker, the significant difference
in CRP levels between the preterm and term groups fur-
ther emphasizes the critical role of inflammation in the
mechanism of PTD. Consistent with our findings, prior
studies in obstetric populations have widely used CRP as
a marker of maternal inflammatory status, reporting its
associations with periodontal inflammation, metabolic
dysregulation, and multiple adverse pregnancy outcomes
[37, 38]. Inflammatory processes play an important role
during labor, with inflammation activated in both mater-
nal and fetal tissues during pregnancy and delivery. Pre-
mature imbalance or abnormal stimulation of various
factors in inflammatory pathways may trigger PTD [39,
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40]. We also noted a higher prevalence of diabetes in
the preterm group. In the stratified analysis by diabetes
status, the association between CRP and PTD was sig-
nificantly stronger among women with diabetes. Women
with diabetes in the highest CRP tertile had more than
twice the risk of PTD compared to those in the lowest
tertile. Other studies have also found a close relationship
between diabetes and elevated CRP levels, suggesting
that inflammation may play a key role in the increased
risk of PTD associated with diabetes [41]. Diabetes may
exacerbate pro-inflammatory pathways related to PTD,
possibly through hyperglycemia-induced oxidative stress
and insulin resistance, which further elevate inflam-
matory cytokine levels and sustain a chronic low-grade
inflammatory state [17, 41, 42]. Moreover, the metabolic
dysfunctions in women with diabetes, including B-cell
dysfunction and insulin resistance, not only impair pla-
cental function but also exacerbate inflammation, which
are key drivers of PTD [43]. This dual mechanism of
metabolic dysfunction and heightened inflammation may
explain the significant interaction between diabetes and
CRP levels observed in this study. However, given the
relatively smaller subsample of women with diabetes, this
interaction finding should be interpreted with caution
and considered exploratory in nature.

In this study, CRP measurements were obtained pre-
dominantly within a short interval before delivery;
therefore, elevated values are more likely to reflect peri-
partum inflammatory status. Several previous studies
have reported similar findings across different obstetric
populations, showing that CRP measured closer to deliv-
ery tends to exhibit stronger correlations with mark-
ers of peripartum inflammation and adverse pregnancy
outcomes [44, 45]. For example, in certain preterm birth
cohorts, CRP levels obtained within 24—72 h before deliv-
ery outperform those measured at hospital admission
in identifying the risk of chorioamnionitis, funisitis, or
early-onset neonatal infection [13]. Although these stud-
ies vary in assay methods, cut-off values, and population
characteristics, the overall body of evidence supports the
notion that CRP measured shortly before delivery can, to
some extent, capture the degree of inflammatory activa-
tion during the peripartum period.

The stronger CRP-PTD association observed among
women with diabetes in our study is biologically plausi-
ble. Women with diabetes status typically exhibit height-
ened systemic inflammation, driven in part by chronic
hyperglycemia—induced activation of immune path-
ways, leading to increased levels of inflammatory mark-
ers such as IL-6, TNF-a, and CRP [46]. Previous studies
have shown that inflammation plays a central role in the
pathophysiology of diabetes status, further impairing
insulin sensitivity and contributing to placental dysfunc-
tion, thereby increasing the risk of complications such as
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preeclampsia and preterm birth [47]. Taken together with
our findings, these data underscore the importance of
adequately controlling inflammation among women with
diabetes status in order to improve pregnancy outcomes
and reduce adverse maternal and neonatal consequences.

From a clinical perspective, a single elevated CRP value
should not be interpreted as a stand-alone predictor of
preterm birth. Nevertheless, CRP is an accessible inflam-
matory marker obtained routinely in obstetric care and
may provide additional insight into peripartum inflam-
matory status. This may be particularly relevant among
women with impaired glucose metabolism, where ele-
vated CRP levels shortly before delivery may signal the
need for further evaluation of potential infectious or
inflammatory sources. Although our study cannot deter-
mine whether such evaluations would reduce the risk of
preterm birth, this epidemiologic observation highlights
the importance of timely identification and management
of inflammatory states during pregnancy.

Preterm birth is recognized as a heterogeneous con-
dition arising from multiple pathways (Romero et al,
2014). In China, iatrogenic preterm birth accounts for
approximately 40%-43% of cases [48, 49] and is often
related to hypertensive disorders and placental compli-
cations, which themselves are associated with inflamma-
tory activation [48, 50]. Therefore, although iatrogenic
preterm birth reflects clinical intervention, inflamma-
tory processes may still be involved. In our study, diabe-
tes modified the association between CRP and preterm
birth. Given the chronic inflammatory milieu in diabetic
pregnancies, elevated CRP may reflect broader inflam-
matory stress that contributes to both spontaneous and
medically indicated pathways. This may partly explain
why the CRP-diabetes interaction remained observable
in overall preterm birth. However, because delivery indi-
cations were unavailable, subtype-specific interpretations
should be made cautiously.

Limitations

However, several limitations should be acknowledged.
First, this study employed a retrospective observational
design using routinely collected clinical records; there-
fore, it can only identify associations and cannot establish
causal relationships. Second, although CRP was routinely
measured as part of antenatal or admission laboratory
testing, the database did not record whether individual
tests were prompted by specific clinical indications—
such as suspected infection or symptoms of threatened
preterm labour—limiting our ability to distinguish rou-
tine screening from indication-based testing. In addi-
tion, only the most recent CRP value prior to delivery
was extracted from the hospital system, which may be
affected by short-term variability. Third, although sev-
eral covariates were adjusted for, residual confounding
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remains possible. Important factors such as a history of
preterm birth, maternal infection status, smoking, medi-
cation use, socioeconomic conditions, and additional
inflammatory markers were not available in the hospi-
tal information system. Although active smoking dur-
ing pregnancy is reported to be relatively uncommon in
Chinese populations [51, 52], the absence of individual-
level data remains an important limitation. Fourth, spon-
taneous and medically indicated preterm births could
not be distinguished in this study, which may introduce
etiologic heterogeneity; therefore, the findings should be
interpreted with caution. Fifth, CRP measured close to
delivery should be interpreted as reflecting short-term
peripartum inflammatory activation rather than long-
range prediction. Thus, the clinical relevance of modest
absolute differences in CRP must be interpreted cau-
tiously, particularly in subgroup analyses such as those
stratified by diabetes status. Because the stratified sub-
groups were smaller, the observed effect modification
should be considered exploratory.

Conclusion

This study found that higher maternal CRP levels mea-
sured shortly before delivery were associated with an
increased risk of preterm delivery, with a more pro-
nounced association observed among women with dia-
betes. These findings raise the possibility that diabetic
pregnant women may be more susceptible to inflamma-
tion-related pathways leading to preterm birth. However,
the study’s observational design and the smaller sample
size of stratified subgroups indicate that these results
should be considered hypothesis-generating rather than
definitive. Further large, prospective studies are needed
to confirm this potential interaction and to clarify the
underlying biological mechanisms.
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