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Abstract: Objective: To investigate the risk factors for premature rupture of membranes (PROM) and preterm birth 
in pregnant women following cervical conization. A nomogram model was developed and validated to predict the 
occurrence of PROM and preterm birth in this population. Methods: A total of 100 pregnant women who had un-
dergone cervical conization between January 2014 and December 2023 were included. The participants were 
divided into two groups: 52 in the PROM group and 48 in the non-PROM group. Additionally, 43 cases were in the 
preterm birth group, and 57 were in the full-term group. Maternal age, body mass index (BMI) during pregnancy, 
and the conization method were recorded. A nomogram model was constructed to predict PROM and preterm birth, 
with the predictive performance evaluated using the area under the ROC curve (AUC), C-index, and decision curve 
analysis (DCA). Results: Univariate and multivariate regression analyses identified pre-pregnancy obesity, advanced 
maternal age, time after conization, and second-trimester cervical length as significant risk factors for PROM and 
preterm birth. These factors were incorporated into a clinical nomogram. Calibration curves demonstrated excellent 
internal and external accuracy for the model. The AUC for the nomogram was 0.8746. DCA showed the clinical utility 
of the model when the threshold probability ranged from 20% to 60%. Conclusion: Pre-pregnancy obesity, advanced 
maternal age, time since conization (<12 months), and second-trimester cervical length (<25 mm) were identified 
as independent risk factors for predicting PROM and preterm birth in pregnant women after cervical conization.
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Introduction

Cervical intraepithelial neoplasia (CIN) is a pre-
cancerous lesion of the cervix, confined to the 
cervical epithelium, and characterized by histo-
logic changes [1]. According to recent epidemi-
ological data, women aged 30-39 are at higher 
risk for CIN [2], and many are planning pre- 
gnancies when diagnosed. The standard surgi-
cal treatment for CIN is cervical conization [3], 
which minimally affects the patient. However, 
studies have demonstrated a significant in- 
crease in adverse pregnancy outcomes follow-
ing cervical conization [4-6].

After cervical conization, several potential is- 
sues may arise. First, patients may experience 
pain and discomfort at the incision site, which 

can impact daily activities and quality of life in 
the short term. Second, the risk of premature 
rupture of membranes (PROM) increases due to 
cervical damage, weakening cervical support 
and closure function [5]. Additionally, there is a 
higher risk of preterm delivery, since structural 
and functional changes to the cervix may com-
promise its ability to sustain pregnancy. As for 
the optimal time to conceive after surgery, wait-
ing 6 months to 1 year is generally considered 
safe [6].

Cervical conization is a significant risk factor  
for both preterm delivery and PROM [7]. Re- 
trospective studies have shown an increased 
risk of these adverse outcomes in women who 
have undergone cervical conization [8, 9]. A 
systematic review analyzing the impact of surgi-
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cal treatment on pregnancy outcomes in CIN 
patients reported that cervical conization in- 
creases the risk of preterm delivery and PROM 
in subsequent pregnancies. Specifically, the 
risk of preterm delivery before 37 weeks in- 
creased by 1.78 times, before 32-34 weeks by 
2.4 times, and before 28-30 weeks by 2.54 
times. The risk of PROM before 37 weeks 
increased by 2.36 times [10]. Moreover, the 
greater the height of the cone removed during 
surgery, the higher the risks of preterm delivery 
and PROM.

Effective prediction and early prevention of 
PROM and preterm birth in pregnant women 
after cervical conization are crucial for reducing 
their incidence and improving neonatal out-
comes. This study aimed to investigate the risk 
factors for PROM and preterm birth in pregnant 
women following cervical conization and to 
establish and validate a nomogram for predict-
ing these outcomes.

Materials and methods

Study design and ethics

This retrospective study was approved by the 
Ethics Committee of Fujian Maternity and Child 
Health Hospital. A total of 100 pregnant women 
who underwent cervical conization between 
January 2014 and December 2023 were in- 
cluded. Among them, 52 were in the PROM 
group, and 48 were in the non-PROM group. 
Additionally, 43 cases were in the preterm birth 
group, and 57 were in the full-term group.

Inclusion criteria

(1) Age ≥18 years; (2) Singleton pregnancy; (3) 
Cervical conization due to CIN; (4) Exclusion of 
invasive carcinoma by post-conization patholo-
gy; (5) Complete clinical data.

Exclusion criteria

(1) History of mental illness; (2) Pregnancy com-
plications such as gestational diabetes or 
hypertensive disorders; (3) History of PROM, 
uterine malformations, repeated vaginal bleed-
ing, or other PROM risk factors; (4) Termination 
of pregnancy before 28 weeks; (5) History of 
smoking, alcohol use, or drug abuse; (6) History 
of cervical cerclage; (7) Early miscarriage; (8) 
Incomplete clinical data.

Data collection and measurement

Demographic and clinical characteristics were 
obtained from the hospital’s electronic case 
system, including age, pre-pregnancy BMI, mul-
tiparity, assisted reproduction, cervical length 
(CL), conization method, and time since coni- 
zation.

Sample size estimation

Sample size was determined through power 
analysis, adjusted for an estimated attrition 
rate: corrected sample size = sample size/(1 - 
[% attrition/100]). The final sample size was set 
at approximately 100.

Statistical analysis

Data were analyzed using SPSS 20.0 software. 
Continuous variables were expressed as mean 
± standard deviation (SD). Independent t-test 
or rank-sum test were used for group compari-
sons. Categorical variables were expressed as 
percentages (%), and comparisons were ma- 
de using the chi-square (X2) test. Multivariate 
logistic regression was used to identify risk fac-
tors for PROM and preterm birth in women after 
cervical conization. Statistical significance was 
set at P<0.05. Identified risk factors were en- 
tered into R software (R 3.6.3) to construct a 
nomogram model predicting the risk of PROM 
and preterm birth. The variables and regres-
sion coefficients from the model were used to 
generate an ROC curve for validation.

Results

Comparison of clinical characteristics

Table 1 presents the characteristics of all sub-
jects. The study included 100 pregnant women 
who had undergone cervical conization, com-
prising 52 in the PROM group and 48 in the 
non-PROM group. Significant differences were 
observed between the two groups in age, pre-
pregnancy BMI, cervical length (CL), and time 
since conization (all P<0.05). However, there 
were no significant differences in cervical con-
ization method, surgical approach, use of as- 
sisted reproduction, or multiparity between the 
groups (all P>0.05).

Similarly, we compared preterm birth out- 
comes in the cohort. The results indicated sig-
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Table 2. Comparison of clinical data between Preterm birth and full-term group in PROM population
Clinical data Preterm birth group (n=43) Full-term group (n=57) t/χ2 P
Age 36.2±6.1 32.9±4.3 4.847 0.021
BMI before pregnancy 25.2±5.8 23.8±7.2 2.078 0.232
Multipara 3 (7.0%) 7 (12.3%) 0.026 0.081
Assisted reproduction and pregnancy 7 (16.3%) 4 (7.0%) 0.570 0.650
CL 22.2±3.2 29.0±4.2 4.855 0.033
Operation mode 6.22 0.023
    LEEP 4 (9.3%) 26 (45.6%)
    CKC 40 (93.0%) 29 (50.9%)
Cervical canceration 4.036 0.079
    CIN1 4 (9.3%) 11 (19.3%)
    CIN2 13 (30.2%) 27 (47.4%)
    CIN3 26 (60.5%) 19 (33.3%)
Time after conization 8.315 0.002
    6-12 months 20 (46.5%) 6 (10.5%)
    12-24 months 13 (30.2%) 24 (42.1%)
    >24 months 10 (23.3%) 27 (47.4%)
Note: CL: cervical length; LEEP: Loop Electrosurgical Excision Procedure; CKC: Cold Knife Conization; PROM: premature rupture 
of membrane.

Table 1. Comparison of clinical data between the two groups
Clinical data PROM group (n=52) Non-PROM group (n=48) t/χ2 P
Age 36.8±6.1 30.4±3.9 4.847 0.011
BMI before pregnancy 25.3±9.8 20.3±5.7 2.078 0.022
Multipara 6 (11.5%) 5 (10.7%) 0.026 0.071
Assisted reproduction and pregnancy 5 (9.6%) 3 (6.4%) 0.570 0.550
CL 23.2±5.6 28.3±4.6 4.855 0.023
Operation mode 2.255 0.063
    LEEP 19 (36.5%) 21 (45.6%)
    CKC 33 (63.5%) 26 (54.3%)
Cervical canceration 0.333 0.579
    CIN1 9 (17.3%) 8 (17.1%)
    CIN2 23 (44.2%) 24 (50.7%)
    CIN3 20 (38.4%) 15 (32.1%)
Time after conization 20.54 <0.001
    6-12 months 10 (19.2%) 0 (1.43%)
    12-24 months 20 (38.5%) 23 (48.6%)
    >24 months 22 (42.3%) 24 (50.0%)
Note: CL: cervical length; LEEP: Loop Electrosurgical Excision Procedure; CKC: Cold Knife Conization.

nificant differences between the preterm birth 
and full-term groups in terms of age, CL, and 
time since conization (all P<0.05). However,  
no significant differences were found regard- 
ing cervical conization method, surgical app- 
roach, pre-pregnancy BMI, use of assisted 
reproduction, or multiparity (all P>0.05) (Table 
2).

Univariate and multivariate regression analysis

As shown in Table 3, univariate regression  
analysis revealed that age, pre-pregnancy BMI, 
CL, use of assisted reproduction, cervical con-
ization method, and time since significantly 
associated with PROM in pregnant women after 
cervical conization (all P<0.05).
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Table 3. Univariate and Multivariate Risk analysis for PROM in pregnant women after cervical  
conization

Index
Univariate Multivariate

OR [95% CI] P value OR [95% CI] P value
Age
    <35 years Reference Reference
    ≥35 years 1.68 [0.5989-0.973] 0.006 2.754 [1.251-2.749] 0.011
BMI before pregnancy
    <24 Reference Reference
    24-28 1.82 [0.9206-1.982] 0.047 1.24 [0.85-1.85] 0.281
    ≥28 1.42 [0.9378-1.515] 0.1297 2.97 [1.75-2.05] 0.005
Multipara
    Yes Reference
    No 0.46 [0.133-1.636] 0.234
Assisted reproduction and pregnancy
    Yes Reference Reference
    No 0.43 [0.133-0.636] 0.004 1.28 [0.77-1.38] 0.261
CL
    ≥25 Reference Reference
    <25 1.25 [1.1615-1.189] 0.028 1.754 [1.241-2.479] 0.001
Operation mode
    LEEP Reference
    CKC 1.18 [1.09-2.23] 0.294
Cervical canceration
    CIN1 Reference Reference
    CIN2 1.95 [0.6390-0.6522] 0.022 1.58 [0.77-0.38] 0.056
    CIN3 2.52 [0.9206-0.982] 0.051 2.42 [0.85-0.95] 0.058
Time after conization
    6-12 months Reference Reference
    12-24 months 1.62 [0.639-0.928] 0.014 1.55 [1.014-1.09] 0.032
    >24 months 5.95 [0.639-0.652] 0.012 2.58 [0.57-0.88] 0.006
Note: CL: cervical length; LEEP: Loop Electrosurgical Excision Procedure; CKC: Cold Knife Conization; CIN: Cervical Intraepithe-
lial Neoplasia; PROM: premature rupture of membrane.

Multivariate regression analysis further identi-
fied pre-pregnancy obesity, advanced maternal 
age, time since conization, and second-trimes-
ter CL as independent predictors of PROM in 
this population.

We also analyzed risk factors for preterm birth 
in pregnant women after cervical conization. As 
shown in Table 4, univariate regression analy-
sis revealed significant associations between 
age, pre-pregnancy BMI, CL, and time since 
conization with preterm birth (all P<0.05). Mul- 
tivariate regression analysis confirmed that 
pre-pregnancy obesity, advanced age, time 
since cervical conization (<12 months), and 
second-trimester CL (<25 mm) were indepen-

dent predictors of both PROM and preterm 
birth.

Development of nomogram model

The risk factors for PROM and preterm birth in 
pregnant women after cervical conization were 
included in the prediction model using R soft-
ware (R 3.6.3). The prediction probability, cor-
responding to the sum of the scores for each 
factor, represented the risk of preterm birth 
(Figure 1).

Validation of a nomogram model

The unadjusted concordance index (C-index)  
for the nomogram was 0.783 [95% confidence 



Prognosis for premature rupture of membranes and preterm delivery

5927 Am J Transl Res 2024;16(10):5923-5932

Table 4. Univariate and multivariate risk analysis for preterm birth in pregnant women after cervical 
conization

Index
Univariate Multivariate

OR [95% CI] P value OR [95% CI] P value
Age
    <35 years Reference
    ≥35 years 1.69 [1.04-1.81] 0.01 1.24 [0.64-1.74] 0.072
BMI before pregnancy
    <24 Reference Reference
    24-28 1.25 [1.1615-1.189] 0.028 1.754 [1.241-2.479] 0.001
    ≥28 1.36 [0.414-0.892] 0.0086 2.36 [1.29-4.30] 0.005
Multipara
    Yes Reference
    No 1.19 [1.47-1.88] 0.42
Assisted reproduction and pregnancy
    Yes Reference
    No 1.25 [1.822-1.96] 0.49
CL
    ≥25 Reference Reference
    <25 5.35 [0.039-0.052] 0.032 4.58 [0.37-0.88] 0.016
Operation mode
    LEEP Reference
    CKC 1.18 [1.09-2.23] 0.294
Cervical canceration 2.52 [0.9206-0.982] 0.051
    CIN1 Reference Reference
    CIN2 1.24 [0.64-1.74] 0.77
    CIN3 1.19 [0.61-1.94] 0.87
Time after conization
    6-12 months Reference Reference
    12-24 months 2.36 [0.414-0.892] 0.018 1.66 [1.29-4.30] 0.036
    >24 months 3.45 [0.237-0.656] 0.06 1.59 [1.12-2.26] 0.021
Note: CL: cervical length; LEEP: Loop Electrosurgical Excision Procedure; CKC: Cold Knife Conization; CIN: Cervical Intraepithe-
lial Neoplasia.

interval (CI), 0.815-0.994]. The calibration plot 
of the nomogram is shown in Figure 2. The  
AUC for the nomogram was 0.8746 (Figure 3), 
indicating that the model demonstrated good 
discrimination and consistency in predicting 
the risk of PROM and preterm birth in this 
population.

Decision curve analysis (DCA)

The DCA is shown in Figure 4. The results  
demonstrated that if the threshold probability 
for preterm birth was between 20% and 60%, 
the model’s validity increased. This predictive 
model is suitable for clinical use.

Discussion

Several studies have shown that cervical con-
ization is associated with a higher risk of pre-
term delivery, with the risk being five times 
higher compared to women with normal preg-
nancies [11-13]. Most preterm pregnant wo- 
men initially presented with PROM, and the 
incidence of PROM in women after cervical con-
ization is significantly higher than in those with 
normal pregnancies [14, 15]. The main causes 
of PROM are genital tract infections and dam-
age resulting from cervical conization. Follow- 
ing conization, the cervical structure changes, 
including alterations in cervical collagen due to 
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Figure 1. Nomogram for predicting the premature rupture of membranes 
(PROM) and preterm birth in pregnant women after cervical conization.

Figure 2. Calibration curves for predicting the pre-
mature rupture of membranes (PROM) and preterm 
birth in pregnant women after cervical conization.

the removal of glands [16]. The depth and/or 
width of cervical conization directly impacts the 
likelihood of preterm delivery [17]. However, 
some studies suggest that the lesion itself can 
damage cervical tissue, affecting its supportive 
function, and that CIN III is an independent risk 
factor for preterm delivery [18-20].

Additionally, research has found that women 
who experienced preterm delivery after cervi-
cal conization had shorter pregnancy inter- 
vals compared to those with full-term deliver-
ies. The risk of preterm delivery was higher in 

women who became pregnant 
less than one year after con-
ization [21-23]. On the other 
hand, one study indicated that 
the interval between coniza-
tion and pregnancy does not 
significantly affect preterm de- 
livery risk [24].

The results of this study show 
that pre-pregnancy obesity is a 
risk factor for PROM and pre-
term birth in pregnant women 
after cervical conization. This 
is consistent with recent inter-
national research findings [25, 
26] and supports the view that 
overweight and obesity during 
pregnancy increase the risk of 
preterm delivery. Hypertension, 
pre-eclampsia, hyperlipidemia, 

and diabetes are all associated with a higher 
risk of preterm delivery [27]. Pre-pregnancy 
BMI significantly influences pregnancy-related 
conditions, such as hypertension, pre-eclamp-
sia, hyperlipidemia, and diabetes [28, 29]. 
Additionally, overweight or obesity before preg-
nancy is linked to an increased risk of serious 
maternal conditions, including thromboembo-
lism, sepsis, acute renal failure, and prenatal 
bleeding [30]. Obese women also show a sig-
nificantly higher prevalence of reproductive 
tract infections, which have been proven to dis-
rupt immune balance, leading to decidual cho-
rioamnionitis, intrauterine infection, and PROM 
[31]. These factors suggest that pre-pregnancy 
overweight and obesity contribute to various 
complications that negatively affect pregnancy 
outcomes, altering the internal environment 
and increasing the likelihood of preterm de- 
livery.

Advanced maternal age is another independent 
risk factor for PROM and preterm birth in preg-
nant women after cervical conization. Numer- 
ous studies, both domestic and international, 
have confirmed that the incidence of complica-
tions is significantly higher in older women com-
pared to younger women. Advanced maternal 
age is closely associated with adverse pre- 
gnancy outcomes [32] and has become an 
important factor influencing the health of both 
mothers and babies. Advanced maternal age  
is strongly linked to the development of pre-
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Figure 3. ROC curves for predicting the premature 
rupture of membranes (PROM) and preterm birth in 
pregnant women after cervical conization.

Figure 4. Decision curve analysis for the nomogram.

eclampsia [33], with women aged 35-39 having 
a 1.2-fold higher risk of pre-eclampsia com-
pared to those under 35, and women aged 40 
and above showing an even higher risk [34]. 
This may also explain the increased incidence 
of PROM and preterm birth in pregnant women 
after cervical conization.

The time since cervical conization significantly 
increased the risk of perinatal preterm birth. 
Studies have shown that inconsistent twin 
development combined with growth restriction 
of one fetus can lead to abnormal umbilical 
blood flow, which increases the likelihood of 
cervical dilation and preterm birth [35, 36]. In 
such cases, early pregnancy termination may 
be necessary, resulting in preterm delivery 
[37]. Therefore, adopting a healthy lifestyle, 
incorporating high-quality protein and an appro-
priate carbohydrate diet, along with regular 
exercise during early pregnancy, can help pre-
vent inconsistent twin development and reduce 
the risk of preterm delivery.

Consistent with our findings, Regan et al. dem-
onstrated a significantly increased risk of pre-
term delivery (17.9% vs. 4.6%, OR=5.6, 95% CI: 
2.5-12.7) for women with a pregnancy interval 
of less than 12 months after conization com-
pared to those with an interval longer than 12 
months [38]. This may be related to the cervi- 
cal healing process following conization, where 
extending the interval after surgery allows for 

better recovery of the cervical wound, sur-
rounding tissue, physical structure, and local 
immune microenvironment, thereby reducing 
pregnancy-related complications. To minimize 
adverse outcomes such as preterm delivery,  
clinicians should provide individualized guid-
ance on optimal pregnancy timing based on the 
patient’s recovery during and after conization.

The results of this study also indicate that a 
shortened CL in the second trimester is an- 
other risk factor for PROM and preterm birth  
in pregnant women after cervical conization. 
While CL slightly decreases during pregnancy, 
significant differences have been observed. 
Research shows that the shorter the CL, and 
the earlier the gestational week at which pre-
term delivery occurs, the higher the likelihood 
of premature birth [39]. Wang et al. [40] found 
that among women with a CL of less than 25 
mm, the probability of spontaneous preterm 
delivery increased by 3% for every 1 mm de- 
crease in CL. When CL was less than 15 mm, 
the risk of preterm delivery increased ex- 
ponentially.

This study has certain limitations. First, it is a 
retrospective study, which may reduce the 
strength of validation. Additionally, the predic-
tion model was validated internally, without 
external validation. Furthermore, the sample 
size may not be large enough to represent all 
possible variations, potentially affecting the 
generalizability of the model. Future research 
should aim to expand the sample size through 
multi-center collaboration, explore and control 
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for potential confounding factors, and continu-
ously monitor and evaluate the model’s predic-
tive role in assessing the risk of PROM and pre-
term birth in pregnant women after cervical 
conization.

In conclusion, this study developed and validat-
ed a clinical nomogram to predict PROM and 
preterm birth in pregnant women after cervical 
conization. We confirmed that pre-pregnancy 
obesity, advanced age, time since conization 
(<12 months), and second-trimester CL (<25 
mm) were independent risk factors for PROM 
and preterm birth.
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