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ABSTRACT

Background: Cervical Intraepithelial Neoplasia (CIN) is a premalignant condition often associated with persistent infection and
chronic inflammation of the female genital tract. Chronic gynecological infections are frequently overlooked in resource-limited
settings, despite their potential to induce epithelial changes that predispose women to CIN. Hematological alterations such as
anemia and inflammatory markers may reflect the systemic effects of persistent cervical inflammation, offering additional
diagnostic clues.

Objective: To determine the prevalence of CIN among women with chronic gynecological infections and to evaluate associated
hematological changes including hemoglobin levels, ESR, CRP, and serum ferritin.

Methods: This descriptive cross-sectional study was conducted from March 2022 to March 2023 at the Department of
Gynecology and Obstetrics, Bolan Medical College, Quetta, and the Children Hospital and Institute of Child Health, Lahore.
Ninety women aged 20 to 55 years with a history of chronic gynecological infections were enrolled. All participants underwent
Pap smear screening, and those with abnormal findings were subjected to colposcopy-guided cervical biopsy for CIN
confirmation. Hematological investigations were performed, and results were statistically analyzed using SPSS version 26.
Results: CIN was histologically confirmed in 34 women (37.8%), with CIN | in 18.9%, CIN Il in 11.1%, and CIN Il in 7.8%. CIN-
positive women had significantly lower hemoglobin levels (mean 10.2 g/dL), higher ESR (mean 42.1 mm/hr), and more frequent
CRP positivity (70.6%) compared to CIN-negative cases (p < 0.05). Normocytic normochromic anemia was predominant among
anemic participants. Serum ferritin levels were also significantly lower in CIN-positive patients, indicating chronic inflammatory
consumption.

Conclusion: A considerable prevalence of CIN was observed in women with chronic gynecological infections, accompanied by
significant hematological alterations. The integration of cervical cytology with basic hematological screening could improve early
detection of CIN, especially in resource-constrained healthcare systems.
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INTRODUCTION

Cervical cancer is one of the most common malignancies affecting
women worldwide, particularly in low- and middle-income countries
(LMICs), where preventive screening programs are inadequate
and awareness remains limited*. Cervical Intraepithelial Neoplasia
(CIN) is a premalignant lesion of the cervix that represents a
spectrum of dysplastic changes in the cervical epithelium. CIN is
classified into three grades CIN | (mild dysplasia), CIN Il (moderate
dysplasia), and CIN Il (severe dysplasia or carcinoma in situ)
based on the severity of epithelial abnormality. If left untreated,
CIN can progress to invasive cervical carcinoma over several
years. Therefore, early detection and intervention are critical in
preventing the morbidity and mortality associated with cervical
cancer?.

Persistent infection with high-risk oncogenic strains of
human papillomavirus (HPV), particularly types 16 and 18, is the
primary etiological factor for the development of CIN. However,
several cofactors have been implicated in modulating susceptibility
to HPV infection and the progression of cervical neoplasia®. Among
these, chronic gynecological infections such as bacterial vaginosis,
trichomoniasis, recurrent candidiasis, and chronic cervicitis play a
significant role. These infections contribute to prolonged local
inflammation, increased cellular turnover, disruption of mucosal
barriers, and altered immune responses, which can facilitate viral
persistence and epithelial dysplasia. Furthermore, co-infections
can compromise cervical epithelial integrity and lead to
microabrasions, making the cervical mucosa more susceptible to
oncogenic HPV entry and integration*.

Despite growing evidence linking chronic gynecological
infections with CIN, this relationship is often underexplored in
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clinical practice, particularly in resource-constrained settings. Most
women with chronic infections are treated symptomatically without
further investigation into underlying cervical pathology®. This
represents a missed opportunity for early diagnosis and prevention
of cervical cancer, especially when such infections are recurrent
and long-standing. Moreover, chronic inflammation caused by
these infections may have systemic manifestations that are
reflected in hematological parameters, such as elevated
erythrocyte sedimentation rate (ESR), increased C-reactive protein
(CRP), and changes in red blood cell indices. These alterations
can act as indirect indicators of the body's inflammatory status and
may correlate with the severity or presence of epithelial
abnormalities in the cervix®.

Hematological evaluation, although not specific for cervical
pathology, could serve as a complementary tool in identifying
women at higher risk of CIN, especially when advanced diagnostic
modalities like colposcopy and HPV DNA testing are unavailable.
Parameters like normocytic normochromic anemia, raised ESR,
and CRP positivity have been associated with chronic infection and
inflammation in various clinical conditions, but their specific
relationship with CIN in the context of gynecological infections has
not been extensively studied” &

In Pakistan and other similar LMICs, the burden of both
chronic gynecological infections and cervical cancer remains
significant due to poor access to health care, lack of regular
screening programs, cultural barriers, and limited public
awareness®. Consequently, studies that explore cost-effective and
easily accessible markers for early detection of cervical
abnormalities are urgently needed. Integrating hematological
assessment with routine gynecological examination could offer a
more comprehensive and accessible approach to identifying at-risk
women in these settings™®.
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The present study was designed to determine the
prevalence of cervical intraepithelial neoplasia among women
presenting with chronic gynecological infections and to explore the
associated hematological changes. By identifying clinical and
laboratory patterns associated with CIN, this study aims to
highlight the importance of multidisciplinary evaluation in early
detection and prevention strategies for cervical cancer in resource-
limited environments*.

MATERIALS AND METHODS

This descriptive cross-sectional study was carried out jointly at the
Department of Gynecology and Obstetrics, Bolan Medical College,
Quetta, and the Gynecology Unit of Children Hospital and Institute
of Child Health, Lahore. The study was conducted over a duration
of one year, from March 2022 to March 2023. The primary
objective was to determine the prevalence of cervical intraepithelial
neoplasia (CIN) in women presenting with chronic gynecological
infections and to analyze associated hematological parameters. A
total of 90 women between the ages of 20 and 55 years,
presenting to the outpatient departments of both institutions with
chronic gynecological symptoms, were included using a non-
probability purposive sampling technique. Chronic infection was
defined as the persistence or recurrence of gynecological
symptoms such as vaginal discharge, pelvic discomfort, itching, or
cervicitis for a duration of six months or more.

Women with known cervical cancer, those who were
immunocompromised, pregnant women, and those who had
recently received antibiotic or anti-inflammatory treatment within
the last four weeks were excluded from the study. All participants
provided written informed consent after a complete explanation of
the study protocol. Ethical approval was obtained from the
institutional review boards of both collaborating hospitals.

Each participant underwent a thorough clinical evaluation,
which included a detailed history focused on menstrual
irregularities, sexual activity, obstetric profile, contraceptive use,
and previous history of infections or Pap smear screening. A
complete pelvic examination was performed to identify any clinical
signs of infection, cervical erosion, abnormal discharge, or
suspicious lesions. Cervical cytological examination was
conducted using the conventional Pap smear technique. Samples
were obtained from both the ectocervix and endocervix using
sterile Ayre’s spatula and endocervical brush, immediately fixed in
alcohol-based fixative, and sent to the pathology laboratory for
cytological analysis. Women who showed abnormal cytological
findings such as atypical squamous cells of undetermined
significance (ASCUS), low-grade squamous intraepithelial lesion
(LSIL), or high-grade squamous intraepithelial lesion (HSIL) were
advised to undergo colposcopic evaluation. Directed punch
biopsies were taken from suspicious areas of the cervix under
colposcopic guidance and sent for histopathological confirmation
and grading of CIN.

In addition to clinical and cytological assessments,
hematological investigations were conducted for all participants to
evaluate systemic inflammatory status. These included complete
blood count (CBC) to assess hemoglobin levels, red cell indices,
and leukocyte counts; erythrocyte sedimentation rate (ESR)
determined by the Westergren method; C-reactive protein (CRP)
assessed by semi-quantitative latex agglutination technique; and
serum ferritin levels measured by enzyme-linked immunosorbent
assay (ELISA). All laboratory procedures were carried out in the
central diagnostic laboratories of the respective institutions under
standard quality control protocols.

The collected data were entered and analyzed using SPSS
version 26. Descriptive statistics such as means, standard
deviations, frequencies, and percentages were calculated to
summarize demographic, clinical, and laboratory data.
Associations between the presence of CIN and hematological
parameters were assessed using chi-square tests for categorical
variables and independent sample t-tests for continuous variables.

A p-value of less than 0.05 was considered statistically significant
for all analytical comparisons.

RESULTS

A total of 90 women were included in this clinical and
hematological study, all of whom presented with chronic
gynecological infections and fulfilled the inclusion criteria. The
mean age of the participants was 36.4 + 8.1 years, with the
majority of the women (58.9%) falling within the age range of 31—
45 years. Regarding parity, 75.6% of the women were multiparous,
and 24.4% were nulliparous or primiparous. Most women (67.8%)
belonged to lower-middle socioeconomic groups and reported
delayed access to health care services. Chronic vaginal discharge
(72.2%) and pelvic discomfort (56.7%) were the most commonly
reported presenting complaints, followed by pruritus (24.4%) and
postcoital bleeding (15.6%). A detailed summary of baseline
demographic and clinical features is presented in Table 1.

Out of the 90 women screened using Pap smears, 48 cases
(53.3%) were reported as negative for intraepithelial lesion or
malignancy (NILM), while 42 women (46.7%) had abnormal
findings. Colposcopy-directed punch biopsies were subsequently
performed in all 42 women with abnormal cytology.
Histopathological examination confirmed the presence of cervical
intraepithelial neoplasia in 34 cases, yielding a CIN prevalence of
37.8% among the total study population. Among the confirmed CIN
cases, CIN | was observed in 17 cases (18.9%), CIN Il in 10 cases
(11.1%), and CIN Ill in 7 cases (7.8%). These findings are
summarized in Table 2, which provides a breakdown of the CIN
grades among the biopsy-confirmed cases.

In terms of hematological parameters, significant differences
were observed between women with biopsy-confirmed CIN and
those without CIN. The mean hemoglobin level in CIN-positive
women was 10.2 + 1.4 g/dL, compared to 11.6 + 1.2 g/dL in CIN-
negative participants, which was statistically significant (p < 0.001).
Furthermore, 67.6% of CIN-positive patients were found to be
anemic, with normocytic normochromic anemia being the most
common pattern. The erythrocyte sedimentation rate (ESR) was
also notably elevated in the CIN-positive group, with a mean ESR
of 42.1 + 10.9 mm/hr, compared to 24.5 + 7.6 mm/hr in the non-
CIN group (p < 0.01). Similarly, C-reactive protein (CRP) was
positive in 70.6% of CIN-positive women, whereas only 28.6% of
the CIN-negative group exhibited a positive CRP result (p < 0.001).
These results strongly suggest a correlation between chronic
cervical inflammation and systemic hematological alterations. All
hematological comparisons are presented in Table 3.

The analysis further revealed that serum ferritin levels, used
as a marker of both iron stores and inflammatory status, were
significantly lower in women with CIN (mean 22.7 + 8.5 ng/mL)
compared to those without CIN (mean 34.2 + 9.1 ng/mL). The
lower ferritin levels, along with anemia and raised inflammatory
markers, point toward an underlying chronic inflammatory process
and possible iron depletion in the presence of ongoing infection
and neoplastic changes.

Table 1. Baseline Characteristics of Study Participants

Parameter Frequency (n=90) Percentage (%)
Age (mean + SD) 36.4+8.1 -

Age group 2030 years 22 24.4%

Age group 31-45 years 53 58.9%

Age group >45 years 15 16.7%
Multiparity 68 75.6%

Vaginal discharge 65 72.2%

Pelvic pain/discomfort 51 56.7%

Pruritus 22 24.4%
Postcoital bleeding 14 15.6%

Collectively, these findings highlight a clear pattern: women
with chronic gynecological infections and biopsy-confirmed CIN
exhibited a higher frequency of systemic inflammation, anemia,
and deranged iron profiles. These hematological deviations were
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not only statistically significant but also clinically relevant,
reinforcing the hypothesis that chronic cervical inflammation when
left unchecked may progress toward precancerous transformation,
accompanied by measurable systemic changes. This supports the
utility of combining routine cervical screening with hematological
assessments to identify women at greater risk for CIN in clinical
practice.

Table 2. Prevalence and Grades of Cervical Intraepithelial Neoplasia (CIN)

CIN Grade Frequency (n=90) Percentage (%)
No CIN 56 62.2%

CIN | 17 18.9%

CIN Il 10 11.1%

CIN 11l 7 7.8%

Total CIN 34 37.8%

Table 3. Hematological Parameters in CIN-positive vs CIN-negative Groups

Parameter CIN-Positive CIN-Negative p-value
(n=34) (n=56)

Hemoglobin (g/dL) 10.2+1.4 11.6+1.2 <0.001

ESR (mm/hr) 42.1+10.9 245+76 <0.01

CRP Positive (%) 24 (70.6%) 16 (28.6%) <0.001

Serum Ferritin (ng/mL) 22.7+85 34.2+9.1 <0.01

DISCUSSION

The findings of this study highlight a significant prevalence of
cervical intraepithelial neoplasia (CIN) among women presenting
with  chronic  gynecological infections, underscoring the
pathophysiological link between persistent lower genital tract
infections and cervical epithelial transformation?. With a CIN
prevalence of 37.8%, the data align with global and regional
studies that emphasize the rising incidence of cervical dysplasia in
low- and middle-income countries, particularly where routine
cervical screening is infrequent, delayed, or inaccessible. The
predominance of CIN | (18.9%) among the biopsy-confirmed cases
suggests that a considerable proportion of women may be in an
early and potentially reversible stage of cervical dysplasia an
opportunity that could be seized for timely intervention and
prevention of progression to carcinoma in situ or invasive cervical
cancer®®,

A central hypothesis of this study was the role of chronic
inflammation induced by persistent gynecological infections in the
initiation or promotion of CIN. The results strongly support this
hypothesis. Chronic bacterial, fungal, or protozoal infections of the
cervix and vagina are known to cause persistent epithelial irritation,
mucosal damage, and inflammatory cytokine release, which in turn
compromise the cervical barrier and facilitate high-risk HPV
infection and integration into host DNA®. In this study, elevated
inflammatory markers, including significantly higher ESR and
positive CRP results among CIN-positive women, serve as
surrogate indicators of an ongoing inflammatory state. These
findings are consistent with previous research suggesting that
persistent local inflammation, even in the absence of high-risk HPV
typing, may predispose the cervical mucosa to dysplastic
changes?®®.

Another important aspect of this study was the hematological
profiling of participants, which revealed a high frequency of anemia
among women with CIN. The majority of these women exhibited
normocytic normochromic anemia, suggesting a chronic disease
pattern rather than nutritional anemia'®. This pattern could be
attributed to the chronic inflammatory milieu, which alters iron
metabolism and suppresses erythropoiesis, a phenomenon well-
documented in anemia of chronic disease. Additionally, the
significantly lower serum ferritin levels in CIN-positive patients
further suggest a dual contribution of chronic inflammation and iron
depletion in these women. While serum ferritin is traditionally a
marker of iron stores, it also acts as an acute-phase reactant, and
its reduction in CIN-positive patients likely reflects prolonged
inflammatory consumption and poor nutritional absorption
secondary to chronic illness'’.

From a clinical perspective, these findings are particularly
relevant in low-resource settings like Pakistan, where women often
present late in the course of disease due to cultural taboos, lack of
awareness, and limited access to screening facilities!®. This study
provides compelling evidence that routine hematological
screening, especially in women with long-standing gynecological
complaints, can offer valuable clues about underlying cervical
pathology. Simple, cost-effective tests like CBC, ESR, and CRP,
when interpreted in conjunction with clinical presentation, could
help in identifying women who require urgent gynecological
evaluation and Pap smear testing®®.

Furthermore, the identification of CIN Il and Il in nearly 20%
of the cohort signals a considerable risk of progression to cervical
cancer if left untreated. It is therefore crucial to integrate cervical
cancer prevention strategies with primary care and infectious
disease management services. Educating women on the risks
associated with untreated infections, increasing access to Pap
smears and HPV vaccination, and encouraging follow-up visits can
collectively curb the rising trend of cervical dysplasia and cancer in
the region®.

This study also opens avenues for further research. Future
studies should incorporate HPV DNA testing, cytokine profiling,
and longitudinal follow-up to determine the progression or
regression of CIN in response to treatment of infections.
Investigating the specific microbiological pathogens involved and
their role in modulating local immune responses would also
provide mechanistic insights into the CIN—infection relationship?*22,

CONCLUSION

In conclusion, this study demonstrates a significant burden of
cervical intraepithelial neoplasia among women with chronic
gynecological infections, with nearly four out of ten women
showing biopsy-confirmed CIN. The association of CIN with altered
hematological parameters, particularly anemia, elevated ESR, and
CRP positivity, highlights the systemic impact of chronic cervical
inflammation and the potential role of basic hematological tests as
indirect markers of disease. These findings underscore the need
for a multidisciplinary approach in women’s reproductive
healthcare one that integrates gynecological, hematological, and
microbiological assessments for early detection and prevention of
cervical cancer. Strengthening cervical screening programs and
awareness initiatives, especially in underserved communities,
remains imperative to reducing the incidence of CIN and improving
long-term women’s health outcomes in Pakistan and beyond.
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