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Objective: To construct and validate a nomogram prediction model for the risk of cervical cancer.

Methods: From May 2021 to September 2023, 1234 female patients who underwent cervical cancer examinations were included in
the training set and divided into a cervical cancer group (97 cases) and a non-cervical cancer group (1137 cases). In addition, 528
women who underwent cervical cancer screening between October 2023 and October 2024 were included as the validation set.
Multivariate logistic regression analysis was used to identify independent risk factors. R software was used to establish a nomogram
prediction model. Moreover, ROC curve analysis, the Hosmer-Lemeshow (H-L) test, calibration plots, and decision curve analysis
were used to evaluate the predictive performance of the model.

Results: There was a statistically significant difference in the positivity of human papillomavirus (HPV) between the training set and
the validation set (P<0.05). Education level of junior high school or below, menarche age <14 years, first sexual intercourse age < 20
years, number of sexual partners > 2, long-term use of hormonal contraceptives, number of deliveries > 2, HPV positivity, cervicitis,
and systemic lupus erythematosus were independent risk factors for cervical cancer (P<0.05). The AUCs of ROC curve for internal
and external validation were 0.867 and 0.850, respectively. H-L test showed y°=11.541 and 5.769, with P=0.173 and 0.673,
respectively. The ideal curve and calibration curve had a high degree of overlap, and the nomogram model demonstrated good
discrimination and calibration. In the clinical decision curve, the net benefit of the nomogram model was higher within the threshold
probability range of 0.02-0.78.

Conclusion: The Nomogram model based on nine identified factors provides a reliable tool to assist in the early detection and risk
assessment of cervical cancer, which may help identify high-risk populations and guide targeted screening strategies in clinical
practice.
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Introduction

According to data released by the International Agency for Research on Cancer (IARC), a specialized agency of the
World Health Organization, there were approximately 660,000 new cases and 350,000 deaths from cervical cancer
worldwide in 2024. In China, an estimated 150,700 new cases and 55,700 deaths from cervical cancer were reported in
2024."2 Cervical cancer is one of the most common cancers in women, with significant differences in the risk of
developing cervical cancer among individuals. Personal medical history, economic, political, and social factors all
influence the risk of cervical cancer." Although political factors are not direct causes of disease, they primarily influence
cervical cancer outcomes at both the individual and population levels by shaping the structure of health systems, the
accessibility of resources, and social norms.” The primary etiology of cervical cancer is persistent infection with high-risk
human papillomavirus (HPV), to which the vast majority of cases can be attributed.® By the end of 2023, the cumulative
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HPV vaccination coverage among Chinese women aged 9-45 years had reached nearly 20%.* At present, the cervical
cancer screening rate among women of eligible age in China is 51.5%, with a coverage rate of 48.2% in rural areas, and
the treatment rate approaches 90%.* In many regions, cervical cancer is often detected only at an advanced stage. In
China, approximately 50—60% of patents are diagnosed at a middle or advanced stage, where prognoses are generally
poor.” Cervical cancer progresses slowly and allows for early identification of precancerous lesions, making it one of the
most preventable cancers. Early screening and treatment for cervical cancer can significantly reduce its incidence and
mortality rates.®’” Therefore, clinicians need to identify high-risk populations for cervical cancer and apply appropriate
guidelines to provide medical guidance and decision-making. However, this remains challenging in clinical practice.
Additionally, current studies lack sufficient exploration of cervical cancer risk factors and the early prediction of its onset.
Based on this, the present study aims to analyze the relevant risk factors for cervical cancer and develop a visual
nomogram prediction model for early screening of high-risk populations, providing an effective reference for reducing
the clinical incidence and mortality rates of cervical cancer.

Materials and Methods

General Data

Women undergoing cervical cancer screening who met the inclusion and exclusion criteria were divided into two groups
based on screening time. A total of 1234 women screened from May 2021 to September 2023 were included in the
training set for constructing the nomogram model. Among them, 97 cases were in the cervical cancer group, and 1137
cases were in the non-cervical cancer group. Additionally, 528 women screened from October 2023 to October 2024
were included in the validation set for model validation.

Inclusion criteria: O Diagnosis of cervical cancer met the established criteria® and was confirmed by pathological
diagnosis, with multiple suspicious cervical tissue biopsies obtained under colposcopic guidance for confirmation; @
Complete case data; ® Local residents or individuals who had lived and worked in the area for more than one year; @
Informed consent, and the study complied with ethical standards. Exclusion criteria: @ Concurrent diagnoses of other
types of malignant tumors; @) Pregnant women; 3 Presence of coagulation disorders; ® History of invasive cervical
treatments; (& Severe hepatic or renal dysfunction, or autoimmune diseases. The case collection flowchart is shown in
Figure 1.

Data Collection

Patient data were obtained from the hospital’s electronic medical record system, including age, ethnicity, educational
level, occupation, source of drinking water, age at menarche, age at first sexual intercourse, marital status, number of
sexual partners, infrequent vulvar cleaning after intercourse (defined as failure to clean in >5 of 10 instances), family
history of cervical cancer, smoking history (defined as continuous or cumulative smoking for >6 months during the
lifetime), alcohol consumption history (defined as consuming on average >60 g/day of pure alcohol for men and >40 g/
day for women), long-term use of hormonal contraceptives (defined as continuous use of steroid hormone contraceptives
for >1 year), hypertension (defined as systolic blood pressure >140 mmHg and/or diastolic blood pressure >90 mmHg on
at least three separate occasions), diabetes (defined as 2-hour plasma glucose >11.1 mmol/L during an oral glucose
tolerance test, or random plasma glucose >11.1 mmol/L in the presence of classic diabetic symptoms, including
polydipsia, polyuria, polyphagia, and weight loss), number of births, genital bacterial infections, genital mycoplasma/
chlamydia infections, cervicitis, arthritis, systemic lupus erythematosus, white blood cell count, lymphocyte count,
platelet count, neutrophil count, and HPV positivity status.

Statistical Analysis

Statistical analyses were performed using SPSS 25.0 software. Continuous variables that conformed to a normal
distribution were expressed as mean + standard deviation (X £ ), and intergroup comparisons were conducted using
independent-sample t-tests. Categorical variables were expressed as [n (%)], and intergroup comparisons were conducted
using y’-tests. Predictors with P < 0.05 in the univariate analysis were included in a multivariate logistic regression
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Figure | Flow chart of case collection.

analysis to identify independent risk factors for cervical cancer. Based on the contribution of different predictors to
cervical cancer risk in the multivariate analysis, a predictive nomogram model was constructed using the “RMS” package
in R version 4.3.3. The model was internally validated using the Bootstrap method. The discriminative ability of the
model was evaluated using the area under the curve (AUC) from ROC analysis. The Hosmer-Lemeshow (H-L) test and
calibration curves were used to assess the agreement between predicted and observed outcomes, representing the model’s
calibration. Clinical decision curves were employed to evaluate the clinical applicability of the model. A P-value < 0.05
was considered statistically significant.

Results

Comparison of Data Between Training and Validation Sets

There were no statistically significant differences (P > 0.05) between the training and validation sets in terms of age,
ethnicity, educational level, occupation, source of drinking water, age at menarche, age at first sexual intercourse, marital
status, number of sexual partners, infrequent vulvar cleaning after intercourse, family history of cervical cancer, smoking
history, alcohol consumption history, long-term use of hormonal contraceptives, hypertension, diabetes, number of births,
genital bacterial infections, genital mycoplasma/chlamydia infections, cervicitis, arthritis, systemic lupus erythematosus,
white blood cell count, lymphocyte count, platelet count, and neutrophil count. However, the difference in HPV positivity
was statistically significant (P < 0.05). See Table 1.

Univariate Analysis of Cervical Cancer Risk in the Training Set
There were no statistically significant differences (P > 0.05) between the cervical cancer group and the non-cervical
cancer group in the training set for age, ethnicity, occupation, source of drinking water, marital status, infrequent vulvar
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Table | Comparison of Training and Validation Set Data [n (%)/(x £ s)]

Index Training Set (n=1234) | Validation Set (n=528) | %/t P
Age (years old) 3.749 | 0.290
18~40 115 (9.32) 59 (11.17)

40~50 301 (24.39) 114 (21.59)

50~60 491 (39.79) 225 (42.61)

60~70 327 (26.50) 130 (24.63)

Nation [n (%)] 2.743 | 0.098
Han 1164 (94.33) 487 (92.23)

Others 70 (5.67) 41 (7.77)

Education [n (%)] 1.902 | 0.386
College degree and above 584 (47.33) 231 (43.75)

High school or vocational school 383 (31.04) 175 (33.14)

Junior high school and below 267 (21.63) 122 (23.11)

Occupation [n (%)] 2.978 | 0.084
Non farmers 760 (61.59) 302 (57.20)

Farmers 474 (3841) 226 (42.80)

Source of domestic water [n (%)] 3.584 | 0.058
Tap water 1039 (84.20) 463 (87.69)

Well water 195 (15.80) 65 (12.31)

Menarche age (years old) 2512 | 0.113
>14 856 (69.37) 346 (65.53)

<14 378 (30.63) 182 (34.47)

First sexual intercourse age (years old) 2.887 | 0.089
>20 884 (71.64) 399 (75.57)

<20 350 (28.36) 129 (24.43)

Marital status [n (%)] 0.664 | 0.415
Not married 225 (18.23) 105 (19.89)

Married 1009 (81.77) 423 (80.11)

Sexual partners [n (%)] 2.751 | 0.097
<2 922 (74.72) 414 (7841)

>2 312 (25.28) 114 (21.59)

Not regularly cleaning the external genitalia after sexual activity [n (%)] 103 (8.35) 53 (10.04) 1.310 | 0.252
Family history of cervical cancer [n (%)] 85 (6.89) 26 (4.92) 2416 | 0.120
Smoking history [n (%)] 108 (8.75) 35 (6.63) 2235 | 0.135
Drinking history [n (%)] 113 (9.16) 61 (11.55) 2.385 | 0.123
Using hormonal contraceptives [n (%)] 226 (18.31) 77 (14.58) 3.615 | 0.057
Hypertension [n (%)] 469 (38.01) 226 (42.80) 3.562 | 0.059
Diabetes [n (%)] 79 (6.40) 22 (4.17) 3419 | 0.064
Production times [n (%)] 1.765 | 0.184
<2 789 (63.94) 355 (67.23)

>2 445 (36.06) 173 (32.77)

HPV positive [n (%)] 255 (20.66) 132 (25.00) 4.055 | 0.044
Bacterial infection of the reproductive tract [n (%)] 83 (6.73) 24 (4.55) 3.083 | 0.079
Mycoplasma/Chlamydia infection in the reproductive tract [n (%)] 42 (3.40) 28 (5.30) 3.497 | 0.061
Cervicitis [n (%)] 31 (2.51) 20 (3.79) 2.141 | 0.143
Arthritis [n (%)] 34 (2.76) 23 (4.36) 3.027 | 0.082
Systemic lupus erythematosus [n (%)] 13 (1.05) 7 (1.33) 0.244 | 0.621
White blood cell count (x10°/L) 6.24%1.39 6.12+1.49 1.624 | 0.104
Lymphocyte count (x10%/L) 2.03+0.48 2.07+0.42 1.662 | 0.097
Platelet count (x10°/L) 256.63+49.35 251.78+50.13 1.881 | 0.060
Neutrophil count (x10%/L) 3.79+0.85 3.82+0.89 0.669 | 0.504
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cleaning after intercourse, family history of cervical cancer, smoking history, alcohol consumption history, hypertension,
diabetes, genital bacterial infections, genital mycoplasma/chlamydia infections, arthritis, white blood cell count, lym-
phocyte count, platelet count, and neutrophil count. However, statistically significant differences (P < 0.05) were
observed for educational level, age at menarche, age at first sexual intercourse, number of sexual partners, long-term

use of hormonal contraceptives, number of births, HPV positivity, cervicitis, and systemic lupus erythematosus. See
Table 2.

Table 2 Univariate Analysis of Cervical Cancer Risk in the Training Set [n (%)/ (x £ 5)]

Index Non Cervical Cancer Group Cervical Cancer Group 7 P

(n=1137) (n=97)
Age (years old) 4.126 0.248
18~40 108 (9.50) 7(7.22)
40~50 279 (24.54) 22 (22.68)
50~60 457 (40.19) 34 (35.05)
60~70 293 (25.77) 34 (35.05)
Nation [n (%)] 0.469 | 0.493
Han 1074 (94.46) 90 (92.78)
Others 63 (5.54) 7(7.22)
Education [n (%)] 22.572 | 0.000
College degree and above 556 (48.90) 28 (28.86)
High school or vocational school 352 (30.96) 31 (31.96)
Junior high school and below 229 (20.14) 38 (39.18)
Occupation [n (%)] 2.834 | 0.092
Non farmers 708 (62.27) 52 (53.61)
Farmers 429 (37.73) 45 (46.39)
Source of domestic water [n (%)] 0.931 0.334
Tap water 954 (83.91) 85 (87.63)
Well water 183 (16.09) 12 (12.37)
Menarche age (years old) 19.587 | 0.000
>14 808 (71.06) 48 (49.48)
<14 329 (28.94) 49 (50.52)
First sexual intercourse age (years old) 18.822 | 0.000
>20 833 (73.26) 51 (52.58)
<20 304 (26.74) 46 (47.42)
Marital status [n (%)] 2,119 | 0.145
Not married 202 (17.77) 23 (23.71)
Married 935 (82.23) 74 (76.29)
Sexual partners [n (%)] 16.076 | 0.000
<2 866 (76.17) 56 (57.73)
>2 271 (23.83) 41 (42.27)
Not regularly cleaning the external genitalia after sexual 91 (8.00) 12 (12.37) 2.229 0.135
activity [n (%)]
Family history of cervical cancer [n (%)] 75 (6.60) 10 (10.31) 1.921 0.166
Smoking history [n (%)] 97 (8.53) 1 (11.34) 0.883 | 0.347
Drinking history [n (%)] 104 (9.15) 9 (9.28) 0.002 | 0.966
Using hormonal contraceptives [n (%)] 194 (17.06) 32 (32.99) 15.155 | 0.000
Hypertension [n (%)] 425 (37.38) 44 (45.36) 2417 | 0.120
Diabetes [n (%)] 69 (6.07) 10 (10.31) 2,682 | 0.101
Production times [n (%)] 15.758 | 0.000
<2 745 (65.52) 44 (45.36)
>2 392 (34.48) 53 (54.64)

(Continued)
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Table 2 (Continued).

Index Non Cervical Cancer Group Cervical Cancer Group 7t P
(n=1137) (n=97)

HPV positive [n (%)] 175 (15.39) 80 (82.47) 245.328 | 0.000
Bacterial infection of the reproductive tract [n (%)] 72 (6.33) 11 (11.34) 3.573 0.059
Mycoplasma/Chlamydia infection in the reproductive tract 38 (3.34) 4 (4.12) 0.013 0.908
[n (%)]

Cervicitis [n (%)] 22 (1.93) 9 (9.28) 16.795 | 0.000
Arthritis [n (%)] 29 (2.55) 5 (5.15) 1.394 | 0.238
Systemic lupus erythematosus [n (%)] 7 (0.62) 6 (6.19) 21.525 | 0.000
White blood cell count (x10°/L) 6.23%+1.35 6.41+1.42 1.255 | 0.210
Lymphocyte count (x10°/L) 2.03+0.48 1.98+0.45 0.989 | 0.323
Platelet count (x10%/L) 256.17+48.95 261.84+49.66 1.094 | 0.274
Neutrophil count (x10%/L) 3.79+0.84 3.82+0.87 0.337 | 0.736

Logistic Regression Analysis

Nine indicators identified from univariate analysis were included in the multivariate logistic regression analysis.
The results indicated that the following factors were independent risk factors for cervical cancer (P < 0.05):
Educational level of middle school or below (OR = 3.320, 95% CI = 1.880-5.862); Age at menarche <14 years
(OR = 2.463, 95% CI = 1.532-3.959); Age at first sexual intercourse <20 years (OR = 2.578, 95%
CI = 1.595-4.166); Number of sexual partners >2 (OR = 2.521, 95% CI = 1.547-4.109); Long-term use of
hormonal contraceptives (OR = 2.809, 95% CI = 1.658-4.758); Number of births >2 (OR = 2.021, 95% CI =
1.260-3.244); HPV positivity (OR = 7.387, 95% CI = 4.170-13.086); Cervicitis (OR = 6.368, 95% CI =
2.338-17.343); Systemic lupus erythematosus (OR = 5.347, 95% CI = 4.079-7.743). The variable assignment
table is shown in Table 3, and the detailed results are shown in Table 4.

Development of the Nomogram Prediction Model

The nomogram prediction model was developed using R software based on the nine predictive factors identified through
logistic regression analysis: educational level, age at menarche, age at first sexual intercourse, number of sexual partners,
long-term use of hormonal contraceptives, number of births, HPV positivity, cervicitis, and systemic lupus erythemato-
sus. The equation for the model is: Logit (P) = —5.959 + 3.320 x Educational level + 2.463 x Age at menarche + 2.578 x
Age at first sexual intercourse + 2.521 x Number of sexual partners + 2.809 x Long-term use of hormonal contraceptives
+2.021 x Number of births + 7.387 x HPV positivity + 6.368 x Cervicitis + 5.347 x Systemic lupus erythematosus. Each

Table 3 Variable Assignment Table

Influence Factor Assignment

Education Junior high school and below=2, High school or vocational school=1, College degree and above=0
Menarche age <14 years old=1, >14 years old=0
First sexual intercourse age <20 years old=1, >20 years old=0
Sexual partners >2=1, <2=0

Using hormonal contraceptives Yes=1, no=0

Production times >2=1, £2=0

HPV positive Yes=1, no=0

Cervicitis Yes=1, no=0

Systemic lupus erythematosus Yes=1, no=0

Dependent variable Cervical cancer=I, non cervical cancer=0
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Table 4 Multivariate Logistic Regression Analysis of Cervical Cancer Risk

Influence Factor B SE Wald > | OR 95% CI P

Education (0) 17.163 0.000
Education (1) 0.544 | 0.302 3.251 1.723 | 0.954~3.114 | 0.071
Education (2) 1.200 | 0.290 17.111 3.320 | 1.880~5.862 | 0.000
Menarche age (1) 0.901 | 0.242 13.852 | 2.463 | 1.532~3.959 | 0.000
First sexual Intercourse age (1) 0.947 | 0.245 14.948 2578 | 1.595~4.166 | 0.000
Sexual partners (I) 0.925 | 0.249 13.770 | 2.521 1.547~4.109 | 0.000
Using hormonal Contraceptives (I) | 1.033 | 0.269 14.745 2.809 | 1.658~4.758 | 0.000
Production times (1) 0.704 | 0.241 8510 2.021 1.260~3.244 | 0.004
HPV positive (1) 2.000 | 0.292 | 46.976 | 7.387 | 4.170~13.086 | 0.000
Cervicitis (1) 1.851 | 0511 13.118 | 6.368 | 2.338~17.343 | 0.000
Systemic lupus Erythematosus (1) 2.731 | 0.676 16317 | 5.347 | 4.079~7.743 | 0.000
Constant —5.959 | 0411 10.522 | 0.003 ~ 0.000

variable corresponds to a specific value on the score axis at the top of the model. The final total score is calculated by
summing the corresponding values, which is then matched to the value on the total score axis to determine the predicted
probability of cervical cancer on the probability axis at the bottom of the model. See Figure 2.

Evaluation of Discrimination and Calibration in the Training and Validation Sets
The AUC of the ROC curve for internal validation was 0.867 (95% CI: 0.834-0.901), while the AUC for external
validation was 0.850 (95% CI: 0.814-0.885), indicating good discrimination of the nomogram model. See Figure 3. The
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H-L test for internal validation yielded a P-value of 0.173 > 0.05 with ¥* = 11.541, and the H-L test for external
validation yielded a P-value of 0.673 > 0.05 with x> = 5.769. The high degree of overlap between the ideal curve and the
calibration curve suggests that the nomogram model has good calibration. See Figure 4.

Evaluation of Clinical Utility of the Nomogram Prediction Model
The horizontal axis represents the threshold probability, and the vertical axis represents net benefit. The All line

represents the net benefit when all individuals are considered to have cervical cancer risk and receive clinical interven-

tion, while the None line represents the net benefit when no individuals are considered to have cervical cancer risk and no

clinical intervention is conducted. The results showed that when the threshold probability ranged from 0.02 to 0.78, the

nomogram prediction model yielded higher net benefits. The model line was located in the upper-right region relative to

the All and None lines, indicating that the model has high clinical utility. See Figure 5.
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Discussion

Identifying high-risk cervical cancer patients and implementing individualized treatment strategies to improve prognosis
remains a challenge for clinicians. This study found significant differences between cervical cancer and non-cervical
cancer patients in terms of educational level, age at menarche, age at first sexual intercourse, number of sexual partners,
long-term use of hormonal contraceptives, number of births, HPV positivity, cervicitis, and systemic lupus erythemato-
sus. Multivariate analysis confirmed these factors as independent risk factors for cervical cancer. A nomogram model
integrating these independent risk factors demonstrated high predictive performance.

Previous studies have identified low socioeconomic status or low educational levels as risk factors for cervical
cancer,”'? consistent with our findings. Women with lower educational levels often have poorer healthcare awareness
and less knowledge about cervical diseases, which may delay medical care and increase exposure to harmful factors,
thereby raising their risk of cervical cancer. Evidence indicates that women with an earlier age at menarche are at higher
risk of cervical cancer, possibly due to prolonged exposure to hormones such as estrogen and progesterone during their
lifetime."" In this study, the younger the age at first sexual intercourse, the higher the risk of cervical cancer. Similarly,
a study in China found that women who began sexual activity before the age of 19 had an increased risk of HPV
infection, with an OR of 1.51.'% This may be because the reproductive tract in women aged 20 and below is not fully
mature, making early sexual activity more likely to cause cervical damage and atypical hyperplasia of cervical squamous
epithelium, thereby increasing cervical cancer risk. Studies conducted in the United States, China, and Tunisia have
shown a significant association between having two or more sexual partners and HPV infection.'>'* A prior analysis
reported that the odds ratios (ORs) for cervical cancer incidence significantly increased to 1.36, 1.93, and 2.24 for women
using oral contraceptives for 2—5 years, >5 years, and >10 years, respectively.'® This study similarly found that long-term
use of hormonal contraceptives is an independent risk factor for cervical cancer. This is likely because long-term
contraceptive use affects hormonal secretion levels in women, increasing estrogen and progesterone levels, which
indirectly contribute to cervical cancer development. In this study, a higher number of births and HPV positivity were
associated with an increased risk of cervical cancer. Zhao et al'® similarly identified the number of deliveries, HPV
infection, and genital infections as risk factors for cervical cancer. Their study suggested that women with a higher
number of deliveries experience elevated estrogen levels during pregnancy, and frequent deliveries cause greater
stimulation and potential infection of the cervix, increasing cervical cancer risk. HPV infection is currently considered
one of the most critical factors in the development of cervical cancer and precancerous lesions. Most cervical cancer
patients have HPV infections, and HPV DNA integrates into host DNA, enabling uncontrolled replication that may lead
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to carcinogenesis.!” Cervicitis contributes to cervical cancer risk primarily because prolonged inflammation weakens the
body’s ability to resist pathogenic bacteria, making it more susceptible to cervical cancer upon exposure to such
pathogens.'® Systemic lupus erythematosus (SLE) increases the risk of cervical cancer by causing immune system
dysregulation, which promotes persistent HPV infection and subsequent cervical cancer progression.'’

A predictive model was constructed based on the above influencing factors and was visualized as a nomogram. The
ROC curve analysis results for both the training and validation sets in this study yielded AUC values >0.8, indicating that
the nomogram model effectively distinguishes between high-risk and low-risk women for cervical cancer. In the
consistency and calibration tests, the calibration curve showed a good fit, with P-values >0.05, suggesting high
consistency between the predicted probabilities of high cervical cancer risk and the actual outcomes. This demonstrates
a high level of predictive accuracy. Additionally, clinical decision curve analysis revealed that the nomogram constructed
in this study has the potential for actual prediction and treatment, thereby providing a certain net benefit. However, it still
requires further improvement and validation, with more factors incorporated to enhance the applicability of the model.
This study visualized the logistic regression equation results in the form of a nomogram, making the model more intuitive
and convenient for calculation, thereby facilitating its practical application in clinical settings.zof22 For patients with
predicted probabilities close to or above 0.5, early interventions can be implemented based on factors such as long-term
use of hormonal contraceptives, the number of births, and HPV positivity. The nomogram developed in this study can be
applied in the following ways: (O Improving screening efficiency and accuracy, and optimizing the allocation of medical
resources: by providing precise risk prediction for women and offering stratified management recommendations, it can
assist clinicians in determining which populations require more frequent follow-up or more aggressive interventions (eg,
colposcopic biopsy), and which populations may extend screening intervals to avoid overtreatment. 2) Assisting clinical
decision-making and promoting personalized medicine: supporting clinicians in determining the feasibility of fertility-
preserving procedures such as cervical conization.

However, this study has inherent limitations that require further investigation. First, the retrospective study design and
relatively limited sample size restrict the generalizability and applicability of the findings, which also resulted in
a relatively high incidence of cervical cancer in this study. In the future, the enrollment period should be extended to
further clarify the incidence. Second, although the study aimed to integrate a comprehensive set of influencing factors,
certain inflammation- and nutrition-related biomarkers associated with the risk of cervical cancer were not fully included.
Third, the study lacks external validation from other centers, and future collaboration with other hospitals is needed to
externally validate the effectiveness of the nomogram. Fourth, as a cross-sectional study, patients with cervical cancer
were already diagnosed at the time of enrollment, making it impossible to clarify their precancerous conditions. Further
prospective, multi-center studies are needed to verify the effectiveness of the nomogram in improving cervical cancer
screening rates and to clarify the precancerous conditions of enrolled patients.

Conclusion

In summary, the nomogram model developed in this study demonstrated acceptable calibration, discrimination, and
clinical utility. Nevertheless, given the single-center and retrospective design, the model requires further external
validation, refinement, and integration of additional diagnostic data. With future improvement, this tool has the potential
to serve as a practical instrument for predicting and evaluating cervical cancer risk in clinical settings. For individuals
identified as high-risk, targeted strategies may be implemented to enhance screening awareness, including online and
offline health education, population-specific communication, and promotion of HPV vaccination. From a public health
perspective, policy support and resource allocation—such as incorporating screening into essential health services,
providing free or subsidized screening, exploring subsidized HPV vaccination programs, and strengthening the linkage
between screening and diagnosis/treatment—will be essential to maximize the model’s effectiveness and clinical
applicability.
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