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Background: Cervical cancer is a leading cause of cancer-related deaths among 
women. However, in developing countries, the primary focus for cervical cancer 
prevention and control remains on the timely detection and treatment of 
precancerous lesions. This study aims to evaluate the accuracy of colposcopic 
diagnosis of cervical intraepithelial lesions and analyze the factors influencing 
its accuracy.

Methods: This study collected data from 512 eligible patients who visited the 
gynecology outpatient clinic of the Second Hospital of Jilin University from 
January 2022 to August 2023. The final diagnosis was based on the highest 
grade observed in both biopsy pathology and postoperative pathology. A self-
controlled, retrospective analysis was conducted to evaluate the accuracy of 
colposcopic diagnosis. Univariate analysis was used to assess the impact of 
factors such as menopausal status, duration of menopause, high-risk human 
papillomavirus (HR-HPV) genotypes, and transformation zone (TZ) types on the 
accuracy of colposcopic diagnosis of cervical lesions.

Result: The overall colposcopy diagnostic concordance rate was 78.71%. The 
concordance rates between the premenopausal and postmenopausal groups 
differed significantly (χ2  =  75.450, p  <  0.05). The HPV16/18 positive group and 
the non 16/18 HR-HPV positive group also showed a significant difference 
in concordance rates (χ2  =  5.890, p  <  0.05). There were significant differences 
in concordance rates between TZ2 and TZ3 (χ2  =  10.585, p  <  0.05), as well as 
between TZ1 and TZ3 (χ2  =  14.607, p  <  0.05).

Conclusion: Factors such as menopausal status, duration of menopause, HR-
HPV genotypes, and TZ types influence the accuracy of colposcopic diagnosis. 
Therefore, a comprehensive evaluation incorporating these factors should 
be performed in clinical practice to enhance diagnostic accuracy.
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1 Introduction

Cervical cancer is one of the most prevalent malignant tumors in the female reproductive 
system and the fourth leading cause of cancer-related deaths among women (1). It poses a 
significant threat to women’s health, exacerbating psychological and economic burdens on 
patients. Therefore, the prevention and treatment of cervical cancer are crucial.
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Extensive research has established that persistent infection with 
high-risk human papillomavirus (HR-HPV) is the principal cause of 
precancerous lesions and cervical cancer. Preventive measures, 
including the HPV vaccine, have been developed (2). In developed 
countries, the widespread use of the HPV vaccine and cervical cancer 
screening has effectively reduced the incidence and mortality of 
cervical cancer (3). However, in developing countries where the HPV 
vaccine is not yet widely available, cervical cancer prevention and 
control efforts remain focused on the timely detection and appropriate 
treatment of precancerous lesions to prevent their progression to 
cervical cancer (4).

Studies indicate that the development of cervical cancer is a 
gradual process, typically requiring at least 8–12 years for precancerous 
lesions to progress to cervical cancer. Early clinical symptoms of 
cervical intraepithelial neoplasia and early cervical cancer are often 
very subtle (5). Therefore, cervical cancer screening is of paramount 
importance. The ultimate goal of prevention and treatment is not 
merely the timely detection of precancerous lesions and cervical 
cancer, but also the appropriate treatment and management following 
timely diagnosis. This approach is crucial for fundamentally reducing 
the incidence and mortality rates of cervical cancer.

The implementation of the “three-step” screening method for 
cervical cancer is now well-established (6). Colposcopy, which 
magnifies the observation area and utilizes acetic acid and Lugol’s 
iodine solution, can preliminarily locate and assess lesions, guiding 
biopsy sites. Colposcopy-guided cervical biopsy is regarded as the 
“gold standard” for diagnosing cervical abnormalities (7). Thus, 
colposcopy is indispensable.

Research indicates that the accuracy of colposcopic diagnosis and 
colposcopy-guided cervical biopsy for diagnosing cervical 
intraepithelial neoplasia and cervical cancer varies among different 
hospitals (8). Factors such as the type of transformation zone (TZ), 
menopausal status, and HR-HPV infection can affect the accuracy of 
colposcopic diagnosis and colposcopy-guided cervical biopsy (9). 
Therefore, identifying factors that impact the accuracy of colposcopy 
is crucial for improving diagnostic accuracy, providing clinicians with 
more reliable references for diagnosing and treating cervical 
abnormalities. Enhancing diagnostic and treatment accuracy will help 
avoid missed diagnoses of cervical lesions and unnecessary 
examinations and treatments for low-risk individuals.

2 Materials and methods

2.1 Study population

This study is a retrospective analysis of 512 patients who visited 
the gynecology outpatient clinic at the Second Hospital of Jilin 
University from January 2022 to August 2023. The inclusion criteria 
were: patients met the indications for colposcopy, had complete 
HPV and Thinprep cytologic test (TCT) results, and were 
diagnosed via colposcopy with normal, cervical intraepithelial 
neoplasia grade 1 (CIN1), or cervical intraepithelial neoplasia 
grade 2 or higher (CIN2+). All patients underwent colposcopic 
cervical biopsy and/or endocervical curettage. Based on 
pathological results indicating the need for surgical intervention, 
they underwent a loop electrosurgical excision procedure (LEEP), 
cold knife conization (CKC), or total hysterectomy. Patients who 

had used oral or local estrogen, or had a history of cervical physical 
treatment or surgery, were excluded. The flowchart selection of 
study population is depicted in Figure 1. This study adheres to the 
Declaration of Helsinki and was approved by the Institutional 
Review Board of the Second Hospital of Jilin University [(2024) 
Annual Review No. (082)]. Because this retrospective analysis is 
based on anonymized data, individual informed consent was 
not required.

2.2 Liquid-based cytology and HPV testing

After fully exposing the cervix, excess secretions are carefully 
removed using sterile cotton balls. A specialized sampling brush is 
subsequently employed to collect cervical cell specimens, which are 
subsequently placed in a specimen vial and sent for analysis. The 
results of the liquid-based cytology test are evaluated according to 
the 2014 Bethesda System (TBS) diagnostic criteria endorsed by the 
International Cancer Association (10). High-risk HPV testing is 
conducted utilizing the second-generation hybrid capture method 
(Hybrid Capture II, HC2), including both viral load measurement 
and viral typing. The viral load is quantified as the ratio of relative 
light units (RLU) to the standard positive control (CO). Viral 
typing includes HPV16/18 positivity as well as the other 12 high-
risk types (including HPV31/33/35/39/45/51/52/56/58/59/66
/68) (11).

2.3 Colposcopy and histological diagnosis

Colposcopy is a visual examination technique employed to 
assess the cervix, vaginal wall, vulva, and perianal epithelium. It 
involves the use of appropriate illumination and magnification, 
combined with acetic acid and compound iodine tests, to identify 
abnormal lesions. Biopsies are performed on suspicious areas 
under colposcopic guidance for further diagnostic evaluation. 
Colposcopic findings are classified based on the terminology 
established by the International Federation for Cervical Pathology 
and Colposcopy (IFCPC) in 2011 (12). To minimize variability 
due to differing experience levels, all examinations were 
performed by senior colposcopists, each with over 10 years of 
experience and comparable diagnostic expertise. In this study, 
both colposcopic diagnoses and pathological results were 
classified into three categories: Normal, CIN1, and CIN2+ (which 
includes CIN2, CIN3, and squamous cell carcinoma). The final 
diagnostic criterion was determined by the higher-grade finding 
between the colposcopic biopsy and postoperative pathology. A 
diagnosis was considered concordant when the colposcopic 
findings matched the highest pathological result. If the 
colposcopic diagnosis was lower than the highest pathology grade, 
it was considered under-diagnosed; if higher, it was classified as 
over-diagnosed.

2.4 Statistical analysis

Data are presented as frequencies and percentages (%). 
Statistical analysis is conducted using SPSS 26.0 software, with the 
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Chi-square test applied to assess the impact of relevant factors on 
the accuracy of colposcopic diagnosis. A p-value <0.05 indicates 
statistical significance.

3 Results

3.1 Clinical characteristics of study 
population

The clinical information of the colposcopy population is presented 
in Table 1. This study included 512 subjects, with ages ranging from 19 
to 74 years, with a median age of 37 years. The age distribution was as 
follows: 34 cases (6.64%) were under 25 years old, 66 cases (12.89%) 
were between 25 and 29 years old, 191 cases (37.31%) were between 30 
and 39 years old, 111 cases (21.68%) were between 40 and 49 years old, 
and 110 cases (21.48%) were 50 years or older. Regarding menopausal 
status, 346 cases (67.58%) were premenopausal, and 166 cases (32.42%) 
were postmenopausal. HPV testing revealed that 340 cases (66.41%) 
were positive for HPV16/18, while 172 cases (33.59%) were positive for 
non-16/18 HR-HPV. The transformation zone (TZ) was classified as 
TZ1 in 132 cases (25.78%), TZ2 in 126 cases (24.62%), and TZ3 in 254 

cases (49.61%). Colposcopic diagnosis identified 12 cases (2.34%) with 
a normal cervix, 173 cases (33.79%) with CIN1, and 327 cases (63.87%) 
with CIN2+. The highest pathological diagnosis results included 17 
cases (3.32%) with a normal cervix, 136 cases (26.56%) with CIN1, 359 
cases (70.12%) with CIN2+.

3.2 Consistency between colposcopic 
diagnosis and histopathology

Table 2 summarizes the colposcopic diagnosis of cervical lesions: 
12 cases (2.34%) were classified as negative, 173 cases (33.79%) as 
CIN1, and 327 cases (63.87%) as CIN2+. The overall concordance rate 
of colposcopic diagnosis was 78.71% (403/512), with a 
non-concordance rate of 21.29% (109/512). Among the 
non-concordant cases, the rate of underdiagnosis was 73.39% (80/109) 
and the rate of overdiagnosis was 26.61% (29/109). We found that the 
concordance rate for colposcopically diagnosed CIN1 was 65.32% 
(113/173), while for CIN2+ it was 86.54% (283/327). The difference 
between these rates was statistically significant (χ2 = 30.945, p < 0.05), 
indicating that the concordance rate for CIN2+ was significantly higher 
than for CIN1.

FIGURE 1

Flowchart illustrating the selection of study population. LEEP, loop electrosurgical excision procedure; CKC, cold knife conization; TH, total 
hysterectomy.
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3.3 Analysis of factors affecting the 
accuracy of colposcopic diagnosis

3.3.1 The influence of menopausal status on the 
accuracy of colposcopic diagnosis

Based on the patients’ menopausal status, the 512 cases were 
categorized into premenopausal and postmenopausal groups. The 
premenopausal group consisted of 346 cases (67.58%). Among these, 
the colposcopic diagnosis results were concordant with the highest 
pathological diagnosis in 310 cases and discordant in 36 cases, yielding 

a concordance rate of 89.60% (310/346). The postmenopausal group 
comprised 166 cases (32.42%), with colposcopic diagnosis results 
concordant with the highest pathological diagnosis in 93 cases and 
discordant in 73 cases, resulting in a concordance rate of 56.02% 
(93/166). As shown in Table 3, the comparison of concordance rates 
between the premenopausal and postmenopausal groups revealed a 
statistically significant difference (χ2 = 75.450, p < 0.05). The 
concordance rate of colposcopic diagnosis in the premenopausal 
group proved to be  significantly higher than that in the 
postmenopausal group.

TABLE 1 Clinical characteristics of study population.

Variables n (%)

Total N = 512

Age

<25 34 (6.64)

25–29 66 (12.89)

30–39 191 (37.31)

40–49 111 (21.68)

≥50 110 (21.48)

Menopausal status

Premenopausal 346 (67.58)

Postmenopausal 166 (32.42)

HPV status

HPV16/18 340 (66.41)

Non-16/18 HR-HPV 172 (33.59)

Transformation zone

TZ1 132 (25.78)

TZ2 126 (24.62)

TZ3 254 (49.61)

Colposcopic diagnostic

Normal, n (%) 12 (2.34)

CIN1, n (%) 173 (33.79)

CIN2+, n (%) 327 (63.87)

Highest pathological diagnosis

Normal, n (%) 17 (3.32)

CIN1, n (%) 136 (26.56)

CIN2+, n (%) 359 (70.12)

CIN1, cervical intraepithelial neoplasia grade 1; CIN2+, cervical intraepithelial neoplasia grade 2 or worse.

TABLE 2 Comparison of colposcopic diagnosis with highest pathological diagnosis.

Colposcopic 
diagnosis

Highest pathological diagnosis Total Concordance 
rate (%)

χ2 p-
value

Underdiagnosis Concordance Overdiagnosis

Normal 5 7 0 12 58.33

CIN1 50 113 10 173 65.32 30.945 <0.05

CIN2+ 25 283 19 327 86.54

Total 80 403 29 512 78.71

CIN1, cervical intraepithelial neoplasia grade 1; CIN2+, cervical intraepithelial neoplasia grade 2 or worse.
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3.3.2 The influence of menopause duration on 
the accuracy of colposcopic diagnosis

The 166 postmenopausal patients were divided into two groups 
based on the duration of menopause: ≤2 years and >2 years. There 
were 54 cases (32.53%) in the menopause ≤2 years group. Colposcopy 
impressions were compared with the highest pathological diagnosis, 
revealing 37 consistent and 17 inconsistent cases, resulting in an 
accuracy rate of 68.52% (37/54). In the menopause >2 years group, 
there were 112 cases (67.47%). In this group, 56 cases were consistent 
and 56 were inconsistent when comparing colposcopy impressions 
with the highest pathological diagnosis, resulting in an accuracy rate 
of 50.00% (56/112). As shown in Table  4, the comparison of 
colposcopic accuracy between the two groups revealed a statistically 
significant difference (χ2 = 5.071, p < 0.05). The colposcopy accuracy 
rate in the menopause ≤2 years group was significantly higher than 
that in the menopause >2 years group.

3.3.3 The influence of high-risk HPV genotypes 
on the accuracy of colposcopic diagnosis

Based on HR-HPV genotypes, 512 patients were divided into two 
groups: the HPV16/18 positive group and the non-HPV16/18 
HR-HPV positive group. The HPV16/18 positive group comprised 

172 cases (33.59%), with 146 cases where the colposcopic diagnosis 
matched the highest pathological diagnosis and 26 cases where it did 
not, resulting in a concordance rate of 84.88% (146/172). The 
non-HPV16/18 HR-HPV positive group consisted of 340 cases 
(66.41%), with 257 cases where the colposcopic diagnosis matched the 
highest pathological diagnosis and 83 cases where it did not, yielding 
a concordance rate of 75.59% (257/340). As shown in Table 5, the 
comparison of the two groups revealed a statistically significant 
difference (χ2 = 5.890, p < 0.05), indicating that the concordance rate of 
colposcopic diagnosis in the HPV16/18 positive group was 
significantly higher than that in the non-HPV16/18 positive group.

3.3.4 The influence of transformation zone type 
on the accuracy of colposcopic diagnosis

Based on the types of transformation zones, 512 patients were 
divided into three groups: Type I, Type II, and Type III transformation 
zones. There were 132 cases in the Type I group (25.78%), 126 cases 
in the Type II group (24.61%), and 254 cases in the Type III group 
(49.61%). As shown in Table 6, when comparing colposcopic diagnosis 
results with the highest pathological diagnosis results, the Type 
I group had 116 cases that were consistent, resulting in a concordance 
rate of 87.88% (116/132). The Type II group had 108 cases that were 

TABLE 3 Impact of menopausal status on colposcopic diagnostic accuracy.

Menopausal 
status

Concordance Non-concordance Total Concordance rate 
(%)

χ2 p-value

Premenopausal 310 36 346 89.60

75.45 <0.05Postmenopausal 93 73 166 56.02

Total 403 109 512

TABLE 5 Impact of high-risk HPV subtypes on colposcopic diagnostic accuracy.

HPV status Concordance Non-concordance Total Concordance rate 
(%)

χ2 p-value

HPV16/18 146 26 172 84.88

5.890 <0.05Non-16/18 HR-

HPV
257 83 340 75.59

Total 403 109 512

TABLE 6 Impact of transformation zone on colposcopic diagnostic accuracy.

TZ Concordance Non-concordance Total Concordance rate (%)

TZ1 116 16 132 87.88

TZ2 108 18 126 85.71

TZ3 179 75 254 70.47

Total 403 109 512

TZ, transformation zone.

TABLE 4 Impact of menopause duration on the colposcopy diagnosis accuracy.

Menopause 
duration

Concordance Non-concordance Total Concordance rate 
(%)

χ2 p-value

≤2 years 37 17 54 68.52
5.071 <0.05

>2 years 56 56 112 50.00

Total 93 73 166 56.02
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consistent, with a concordance rate of 85.71% (108/126). The Type III 
group had 179 cases that were consistent, yielding a concordance rate 
of 70.47% (179/254).

When comparing the concordance rates of colposcopic 
diagnosis between the groups, no significant difference was 
observed between the Type I  and Type II groups (χ2 = 0.264, 
p > 0.05), indicating that the concordance rates between these two 
groups were not significantly different. However, the comparison 
between the Type II and Type III groups revealed a statistically 
significant difference (χ2 = 10.585, p < 0.05), with the Type II group 
having a significantly higher concordance rate than the Type III 
group. Similarly, the comparison between the Type I and Type III 
groups showed a statistically significant difference (χ2 = 14.607, 
p < 0.05), with the Type I  group having a significantly higher 
concordance rate than the Type III group. In summary, as shown 
in Table  7, the concordance rates of colposcopic diagnosis for 
Type I and Type II transformation zones are significantly higher 
than those for Type III transformation zones.

4 Discussion

Cervical cancer is the fourth leading cause of cancer-related 
deaths among women; therefore, its prevention and treatment are 
imperative. In clinical practice, colposcopy overdiagnosis can lead to 
overtreatment, imposing significant mental, physical, and economic 
burdens on patients. Conversely, underdiagnosis can result in missed 
diagnoses, thereby causing patients to miss the optimal window for 
early detection and treatment (13). Therefore, analyzing factors 
affecting colposcopy accuracy is crucial for enhancing diagnostic 
precision, thus providing valuable insights for clinicians in diagnosing 
and treating cervical lesions. This approach helps avoid missed 
diagnoses and reduces unnecessary examinations and treatments in 
low-risk populations.

4.1 Analysis of colposcopy diagnostic 
accuracy

In this study, we conducted a retrospective analysis of clinical 
data from 512 patients to evaluate the accuracy of colposcopic 
diagnosis and colposcopically-guided cervical biopsy. We  also 
analyzed factors affecting the accuracy of colposcopic diagnosis 
of cervical intraepithelial lesions, aiming to reduce the impact of 
these factors on diagnostic accuracy, decrease the rates of missed 
and misdiagnosis, and enhance overall diagnostic precision. 
When comparing the colposcopy impressions of cervical 
intraepithelial lesions with the final pathological results, the 
overall concordance rate was 78.71% (403/512), and the overall 
discordance rate was 21.29% (109/512). Among these cases, 80 

were underdiagnosis and 29 were overdiagnosis, similar to studies 
conducted in other cities in China (14, 15). In our study, the 
sensitivity of colposcopic diagnosis was approximately 93.18% 
(396/425), and the specificity was about 58.33% (7/12). Reviewing 
previous literature, the sensitivity and specificity of colposcopic 
examination for cervical lesions have varied. A systematic review 
and meta-analysis evaluated the colposcopic diagnosis using the 
International Federation of Cervical Pathology and Colposcopy 
(IFCPC) 2011 terminology. The results showed that for LSIL and 
above, the overall sensitivity was 92% (95% CI 0.88–0.95) and 
specificity was 51% (95% CI 0.43–0.59). For HSIL and above, the 
overall sensitivity was 68% (95% CI 0.58–0.76) and specificity was 
93% (95% CI 0.88–0.96) (16). Additionally, an Indian study 
reported a colposcopic sensitivity of 96.4% and specificity of 
39.53% (17). These findings indicate that while colposcopy is 
highly sensitive in detecting cervical lesions, its specificity can 
be  relatively low, potentially leading to a higher rate of false 
positives. These results highlight the importance of continuously 
improving colposcopic diagnostic techniques and training to 
enhance diagnostic accuracy.

In this study, the concordance rate for colposcopy impressions 
of CIN1 was 65.32% (113/173), while for CIN2+ it was 86.54% 
(283/327). A Chi-square test indicated that this difference was 
statistically significant (p < 0.05). This indicates that the 
concordance rate for colposcopy impressions of CIN2+ is 
significantly higher than that of CIN1, which is consistent with 
the conclusions of related studies. For example, a systematic 
review and meta-analysis found that the sensitivity and specificity 
for detecting HSIL and above are higher than for LSIL (16). 
Additionally, a study of 4,778 colposcopy cases showed that the 
concordance rate for HSIL was 59.5%, significantly higher than 
the 43.4% concordance rate for LSIL (18). High-grade cervical 
intraepithelial lesions exhibit more distinct colposcopic image 
characteristics, such as large areas of thick acetowhite epithelium, 
extensive involvement, rapid appearance and slow disappearance, 
clear boundaries, and associated features like coarse punctation, 
coarse mosaic patterns, and glandular openings, making them 
easier for clinicians to identify (Figures  2A,B). Conversely, 
low-grade cervical intraepithelial lesions are more dispersed and 
have less distinct features compared to normal tissue under 
colposcopy, making diagnosis more challenging and prone to 
missed diagnoses (Figures  2C,D). Therefore, it is crucial for 
clinicians to carefully and comprehensively observe the images, 
integrate image analysis capabilities, while considering the 
patient’s medical history (19). By continuously accumulating 
diagnostic experience, improving technical skills, and staying 
updated with the latest research findings and guideline updates, 
clinicians can more effectively enhance diagnostic accuracy and 
reduce the rate of missed diagnoses, thereby providing more 
accurate and effective treatment recommendations for patients.

TABLE 7 Pairwise comparison.

Group comparison χ2 p-value Statistical significance

TZ1 and TZ2 0.264 0.607 Not Significant

TZ2 and TZ3 10.585 <0.05 Significant

TZ1 and TZ3 14.607 <0.05 Significant

TZ, transformation zone.
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4.2 Analysis of factors influencing 
colposcopy diagnostic accuracy

4.2.1 Menopausal status and duration
This study divided 512 patients into premenopausal and 

postmenopausal groups based on their menopausal status. The 
colposcopy diagnostic accuracy rate for the premenopausal group was 
89.60% (310/346), whereas it was 56.02% (93/166) for the 
postmenopausal group. A comparison of the colposcopy diagnostic 
accuracy rates between the two groups revealed a statistically 
significant difference (χ2 = 75.450, p < 0.05), demonstrating that the 
colposcopy diagnostic accuracy rate was significantly higher in the 
premenopausal group than in the postmenopausal group. This result 
is consistent with other related studies. Bo and Ge (20) found that the 
accuracy of colposcopy diagnosis and the satisfaction with colposcopic 
examinations were higher in the premenopausal group compared to 
the postmenopausal group. Chen’s et al. (21) research indicated that 
women over the age of 45 are at a higher risk of missed diagnosis 
during colposcopic screening (p = 0.0195), with a corresponding 
decrease in diagnostic accuracy rates as age increases.

This study further analyzed the impact of menopausal duration 
on the accuracy of colposcopy diagnosis. The results showed that the 
colposcopy diagnostic accuracy rate was 68.52% (37/54) for the 
group with menopause duration of ≤2 years, compared to 50.00% 
(56/112) for the group with menopause duration of >2 years. The 

comparison between the two groups revealed a statistically 
significant difference (χ2 = 5.071, p < 0.05), demonstrating that the 
colposcopy diagnostic accuracy rate was significantly higher in the 
group with menopause duration of ≤2 years compared to the group 
with menopause duration of >2 years. This result is consistent with 
related studies. Müller et  al. (22) found that the agreement rate 
between colposcopically directed cervical biopsy pathology results 
and postoperative pathology results was correlated with patient age. 
The highest agreement rate, 90.7%, was observed in patients under 
30 years old, while the lowest rate, 72.1%, was found in patients over 
50 years old. Costa’s et al. (23) research showed that the rate of missed 
diagnoses in colposcopy increases with patient age and the 
prevalence of the invisible squamocolumnar junction, especially 
among patients over 50 years old, who are more prone to 
missed diagnoses.

As women age and hormone levels decline, postmenopausal 
physiological changes present numerous challenges to the accuracy of 
colposcopic examinations. First, the cervix in postmenopausal women 
typically atrophies, and the squamocolumnar junction (SCJ) gradually 
migrates into the endocervical canal. Since the SCJ is a high-risk area 
for cervical lesions, when these lesions occur within the endocervical 
canal, they are difficult to visualize during colposcopy, thus increasing 
diagnostic difficulty. Additionally, with advancing age, vaginal atrophy 
and dryness may result in incomplete exposure of the examination 
field, which not only affects the visibility during the examination but 

FIGURE 2

Colposcopic images. (A,B) Colposcopically diagnosed as CIN2+, with final pathology confirming the diagnosis. Thick acetowhite epithelium with clear 
boundaries is observed on the cervical surface after acetic acid application, involving multiple quadrants, raised with mosaic patterns and glandular 
openings. (C,D) Colposcopically diagnosed as CIN1, with final pathology confirming the diagnosis. Thin acetowhite epithelium with less clear 
boundaries is observed on the cervical surface after acetic acid application.
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also increases procedural difficulty and patient discomfort (24). In 
postmenopausal women, the squamous epithelium of the cervix and 
vagina becomes atrophic and thinner, leading to reduced acetic acid 
reactivity in lesion areas (Figure  3A). Furthermore, the glycogen 
content in the squamous epithelium decreases, causing Lugol’s iodine 
staining to cover a larger area, making lesions appear atypical and 
difficult to distinguish from normal tissue (Figure  3B), thereby 
increasing the risk of missed diagnoses and false negatives (25).

Despite the increased challenges associated with colposcopic 
examinations due to postmenopausal physiological changes, the 
significance of colposcopy in postmenopausal women remains 
critical. It has been demonstrated in Zappacosta’s et al. (26) research 
that cytological screening may not be  entirely reliable in 
postmenopausal women, particularly in patients with persistent 
HPV infection. In this case report, a 79-year-old woman who had 
regularly undergone cervical cytological screening had normal 
cytological findings but was eventually diagnosed with HPV-53-
associated cervical cancer. Thus, colposcopy remains essential in 
postmenopausal women.

In order to mitigate the negative impact of postmenopausal 
physiological changes on the accuracy of colposcopic examinations, 
appropriate clinical interventions should be  implemented. First, a 
thorough assessment of the patient’s menopausal status, duration of 
menopause, and relevant medical history should be conducted prior 
to the examination. To improve diagnostic accuracy in 
postmenopausal women, short-term local estrogen therapy may 
be considered if no contraindications are present. The application of 
local estrogen can significantly increase the thickness and glycogen 
content of the cervical and vaginal squamous epithelium, thereby 
enhancing the differentiation between normal and abnormal tissues 
during acetic acid and Lugol’s iodine staining, which ultimately 
improves diagnostic accuracy (27). Studies have demonstrated that 
local estrogen intervention prior to colposcopic examination in 
postmenopausal women can significantly reduce atrophic changes, 
enhance the visibility of the examination field, and make the procedure 
more comprehensive (28). Thus, the application of local estrogen 
therapy prior to colposcopy in postmenopausal women serves as an 
effective strategy to enhance diagnostic accuracy and improve overall 
examination outcomes.

4.2.2 High-risk HPV genotypes
In this study, based on HR-HPV genotypes, 512 patients were 

divided into two groups: the HPV16/18 positive group and the 
non-HPV16/18 HR-HPV positive group. The colposcopy 
diagnostic accuracy rates of the two groups were compared. The 
results showed that the colposcopy diagnostic accuracy rate was 
significantly higher in the HPV16/18 positive group compared to 
the non-HPV16/18 HR-HPV positive group (χ2 = 5.890, p < 0.05), 
demonstrating a statistically significant difference. Currently, 
many studies have reported conclusions consistent with this 
study. Stoler’s et al. (29) research, which included 737 patients, 
indicated that HPV16/18 positivity increases the accuracy of 
colposcopy. Nam’s et al. (30) study showed that the range and 
extent of lesions observed during colposcopy vary with the type 
of HR-HPV infection. Specifically, HPV16 is associated with 
more severe and extensive lesions, which aids in improving 
colposcopy accuracy. A large prospective clinical study based on 
initial HPV screening in the United States found that HPV16/18 
positivity is more likely to be  associated with CIN2+ lesions 
compared to other HR-HPV types (31). Additionally, other 
studies have indicated that HPV16 viral load can serve as a 
relevant biomarker for identifying women at high risk for cervical 
precancerous lesions (32).

The colposcopy diagnostic accuracy of the HPV16/18 positive 
group is significantly higher than that of the non-HPV16/18 HR-HPV 
positive group. The primary reason for this may be that HPV16/18 
viruses produce E6 and E7 proteins, which have stronger pathogenic 
capabilities, playing a crucial role in the development of cervical 
lesions (33). E6 protein can bind to the P53 protein, leading to its 
degradation and thus inhibiting the cell’s ability to repair damaged 
DNA. E7 protein, by binding to Rb protein, causes Rb protein 
inactivation, resulting in the loss of cell proliferation regulation. The 
synergistic action of these two proteins makes cells prone to 
chromosomal mutations and uncontrolled proliferation, eventually 
leading to cancer (34). During colposcopy, the cellular changes 
caused by E6 and E7 proteins often exhibit distinct morphological 
characteristics, making the lesion areas easier to identify, thereby 
improving the diagnostic accuracy of colposcopy. However, the 
accuracy of colposcopy diagnosis not only depends on the visibility 

FIGURE 3

Colposcopic images. (A) Image of the cervix in a postmenopausal woman after acetic acid application. (B) Image of the cervix in a postmenopausal 
woman after Lugol’s iodine staining.
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of the lesions but also on the subjective judgment of the physician. 
The widely recognized association between high-risk HPV infection 
and cervical precancerous lesions may influence colposcopy 
diagnostic decisions to some extent. Therefore, a rigorous and 
comprehensive analysis should be conducted in clinical practice to 
ensure the accuracy of colposcopy diagnosis.

Given the significant role of HPV E6/E7 proteins in cervical lesion 
progression, HPV E6/E7 mRNA expression can be assessed to measure 
the transcriptional activity of HPV oncogenes and their impact on host 
cells, thereby providing a basis for evaluating cervical lesions. HPV E6/
E7 mRNA testing has been shown to offer higher specificity while 
maintaining comparable sensitivity to HPV DNA testing. For example, 
a study conducted by Zappacosta et al. (35) demonstrated that, in 
colposcopic follow-up, HPV E6/E7 mRNA testing exhibited higher 
specificity and positive predictive value compared to cytology 
combined with HPV DNA testing. This indicates that mRNA testing 
not only enhances the diagnostic accuracy of colposcopy but may also 
serve as a valuable tool for predicting residual or recurrent cervical 
disease, particularly in patients post-LEEP conization. These findings 
indicate that mRNA testing could become a valuable adjunct in future 
clinical practice, potentially improving the diagnostic effectiveness of 
colposcopy and reducing overtreatment risks.

4.2.3 Transformation zone types
In this study, 512 patients were divided into TZ1, TZ2 and TZ3 

based on the type of transformation zone, and comparisons were 
made between each pair. The results showed that the colposcopy 
diagnostic accuracy rates for both the TZ1 and TZ2 groups were 
significantly higher than those for the TZ3 group. These findings are 
consistent with related studies. Stuebs et  al. (36) found that the 
accuracy and sensitivity for detecting HSIL were significantly higher 
for TZ1 and TZ2 compared to TZ3. Specifically, the accuracy rates for 
TZ1 and TZ2 were 75.4 and 70.9%, respectively, while the accuracy 
rate for TZ3 was only 62.2%. Li et al. (25) found that the type of 
transformation zone affects the accuracy of colposcopy diagnosis, with 
the TZ3 having the lowest diagnostic accuracy. Dan (37) showed that 
the positivity rate of cervical canal lesions increases as the visible range 
of the cervical transformation zone decreases, and the difficulty of 
colposcopy and cervical biopsy also increases, leading to missed 
diagnoses in colposcopy and cervical biopsy. Therefore, clinicians 
should pay attention to the type of transformation zone, particularly 
the location of the squamocolumnar junction (SCJ). If necessary, 
instruments can be  used to help expose the area. For Type III 
transformation zones, a proactive approach, such as endocervical 
curettage, may be necessary to improve diagnostic accuracy.

5 Conclusion

In summary, we found that the colposcopy diagnostic accuracy in 
identifying CIN2+ is significantly higher compared to CIN1. Factors 
such as menopausal status, duration of menopause, high-risk HPV 
subtypes, and transformation zone type affect the accuracy of 
colposcopy diagnosis. Therefore, a comprehensive evaluation 
incorporating these factors should be performed in clinical practice 
to enhance diagnostic accuracy.
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