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Background: Hormone replacement therapy (HRT) alleviates menopausal
symptoms in perimenopausal women and help improve their quality of life, but
its increased risk of cervical cancer (CC) remains to be evaluated.

Methods: A system review and meta-analysis was conducted to retrieve
literature related to HRT and CC risk by searching Pubmed, Embase, Science
Direct, Web of Science, and Google Scholar databases. After screening the
literature according to inclusion criteria and assessing the risk of bias using the
Newcastle Ottawa Scale, the odd ratio (OR) values of HRT relative to CC
were pooled.

Results: A total of 9 articles were included in this study, including 5 cohort studies
and 4 case control studies. The sample size of perimenopausal women in the
literature ranged from 60 to 584,742. The overall quality of the literature was
good. The meta-analysis results showed that HRT (current and persist use) had a
reduced risk for CC (OR=0.70, 95% confidence interval (Cl) [0.58, 0.85]), an
increased risk for any cytological abnormality related to CC (OR=1.38, 95% ClI
[1.22, 1.55]), also an increased risk for adenocarcinoma of CC (OR=1.82, 95% Cl
[0.91,3.65]), but a decreased risk for squamous cell carcinoma of CC (OR=0.74,
95% CI1[0.57, 0.96]). The subtype was a significant source of heterogeneity in this
meta-analysis.

Conclusion: HRT does not increase the overall risk of cervical cancer, but it
increases the risk of cervical adenocarcinoma subtype and is associated with the
risk of cancer-related cytological lesions.

perimenopausal women, hormone replacement therapy, cervical cancer, systematic
review and meta-analysis, risk
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Introduction

Hormone replacement therapy (HRT) is a clinical intervention
method adopted to address health issues caused by ovarian
dysfunction and reduced sex hormone secretion due to various
causes (1). Typically, the administration of HRT includes both
estrogen (E) and progesterone (P). It has been revealed to
significantly alleviate menopausal symptoms in postmenopausal
women, including hot flashes, vaginal dryness and mood
disturbance as depression. Evidence (2) also shows that it reduces
the incidence rate of cardiovascular diseases and dementia. So far,
HRT theramethodsains the most effective and common treatment
method in managing menopausal symptoms, helping patients
improve their quality of life, and facilitating a smooth transition
to menopause (3).

However, the safety of HRT remains to be an ongoing topic.
Patients administrated with HRT are susceptible to adverse
symptoms such as nausea, appetite loss, hair loss, and an
increased risk of gynecological diseases (4). A population-based
large-scale of investigation (5) included 52,705 postmenopausal
women with breast cancer and 108,411 without the disease
reported that receiving HRT treatment for more than 5 years was
associated with a 30% increased risk of breast cancer. A meta-
analysis by Grady D et al. (6) also revealed that the relative risk of
estrogen-use for endometrial cancer developing was much higher
compared to non-users, and this relative risk increased with
prolonged use.

Cervical cancer (CC) is one of the common gynecological
malignancies among women. According to the cancer incidence
statistics of the American Cancer Society (ACS) in 2023, CC has
reached approximately 604,000 new cases worldwide per year,
making it the post prevalent cancer of female reproductive system
(7). The disease remains the leading cause of mortality among
women in low- and middle-income countries (8). The development
of this disease relates to multiple factors, including human
papillomavirus (HPV) infection, immune suppression, and other
contributing factors. The use of exogenous hormones has been
suggested to induce malignant transformation of cervical epithelial
cells, leading to the occurrence of this disease (9).

However, whether using HRT increases the risk of cervical
cancer remains controversial. Reports on this topic show substantial
variability. A case-control study by Parazzini F et al. (10) which
included 40 CC patients and 86 controls suggested that the use of
estrogen was associated with a reduced risk of CC by odd ratio
(OR=0.5), whereas a cohort study by Anderson GL et al. (11) which
included 16,608 postmenopausal women, reported current HRT
users had a much higher incidence of cervical epithelial cell lesions
compared with non-users (OR=1.44). Given meta-analysis
represents an effective method to resolve the conflicting results,
this study employed a meta-analytic approach to evaluate whether
HRT use in postmenopausal women increases the risk of CC,
aiming to provide evidence-based guidance for clinical decisions.
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Materials and methods
Databases and search strategy

In April 2025, we searched Pubmed, Embase, Science Direct,
and Web of Science databases using keyword free search mode,
including keywords such as “Cervical neoplasms” or “Cervical
cancer” or “Hormone replacement therapy” or “HRT”. We also
searched for related topics on Google Scholar.

Literature inclusion

Research type: all studies were observational studies including
cohort studies which can be either retrospective or prospective, or
case-control studies, or cross-sectional observational studies.

Research subjects: the research subjects were women who undergo
HRT for premenopausal or postmenopausal women (including natural
menopause, surgical or pharmacological menopause).

Object: the correlation between exposure (HRT) and outcome
(risk of CC), should be studies in literature.

Outcomes: studies should provide the OR of HRT treatment
relative to the risk of CC.

Literature screening

Duplicate records were identified by using Endnote 20 (Build
16480) initially. Two researchers independently screened titles and
abstracts based on predefined inclusion criteria. Discrepancies were
resolved through structured discussion following objective criteria
(1): re-examination against specific inclusion/exclusion criteria (2);
consultation of the study protocol for borderline cases (3);
involvement of a third reviewer when consensus could not be
reached. All decisions and rationales were documented with
justifications. The full texts of the potential studies (usually a PDF
text) were retrieved one by one either from the online databases or
by directly contacting the authors. Studies without available full
texts were excluded after systematic attempts to obtain them
through multiple strategies, including direct contact with
corresponding authors, institutional library services, and inter-
library loan requests. This exclusion of 11 studies (16.4% of
studies sought for retrieval) represents a potential source of
selection bias that may affect the generalizability of our findings.
Then, the full texts were reviewed for further eligibility. Studies
without outcomes or data would be excluded.

Quality assessment

The Newcastle Ottawa Scale (NOS) (12) was used to assess the
quality of the included studies. The scale evaluated three domains of
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observational studies including the object selection, comparability,
and outcome indicators, with a maximum score of 9 points. Studies
with a total score of 5 or above were of acceptable quality, score of
5-7 were of moderate quality, and 8-9 of high quality.

Outcomes

Main outcome: the combined OR of HRT (current and persist
use) for cervical cancer incidence.

Secondary outcomes: the combined OR of hormone
replacement therapy (current and persist use) for any cytogenic
abnormality associated with cervical cancer; The combined OR of
past ever use hormone replacement therapy for cervical cancer
incidence; The OR of hormone replacement therapy (Duration of
use>1 year) for the incidence of cervical cancer; The OR of hormone
replacement therapy (age>50) for cervical cancer incidence.

Data extraction

Two researchers independently extracted literature data,
including research type, publication date, research location,
patient age, main indicators, etc., and then conducted data
verification. Discrepancies were resolved through structured
discussion with third reviewer consultation when necessary. All
extracted data were cross-verified and documented.

Effect size and pooling

The eftect of HRT on the incidence of cervical cancer was
evaluated using pooled OR and corresponding 95% CI. OR values
reported in the literature were first log-transformed, then
synthesized using the “metagen” function of the “meta” package,
and the results were displayed in a forest plot. Model selection was
based on heterogeneity assessment: fixed-effects model (Mantel-
Haenszel method) was used when I°<30% and p=>0.1 for Cochrane’s
Q-test, indicating minimal heterogeneity and supporting the
assumption of a common true effect size across studies. Random-
effects model (DerSimonian-Laird inverse variance method) was
used when I°>30% or p<0.1, indicating substantial heterogeneity
and allowing for variation in true effect sizes between studies. The
choice of I’=30% as a threshold was based on established guidelines
that consider I°<30% as representing low heterogeneity that may
not substantially impact the pooled estimate.

Heterogeneity statistics and source
investigation

I? analysis and Cochrane Q-test were used to detect
heterogeneity between literature, with I>>30% or P<0.1 indicating
heterogeneity in the results. The interpretation of heterogeneity
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levels followed established guidelines: 1°’=0-30% representing low
heterogeneity, 31-50% moderate heterogeneity, 51-75% substantial
heterogeneity, and 76-100% considerable heterogeneity (13). These
thresholds guided our model selection process to ensure
appropriate statistical methodology. Subgroup analysis was used
to investigate the sources of heterogeneity between literature.
Cluster analysis of literature based on heterogeneity and effect
size was conducted using GOSH function (14).

Sensitivity

The ‘metareg’ function from the ‘meta’ package was called to
perform regression analysis, to detect whether the effect size is
dominated by factors such as age, publication year, literature
quality, and sample size. We simultaneously called the ‘influence’
function of the ‘metafor’ package to conduct influence analysis on
the pooled results.

Publication bias

The trim-and-fill method was used to predict the number of
documents required to make the funnel fully symmetrical. Egger’s
test was used to detect publication bias, and the results were
presented in a funnel plot.

Statistical analysis

All statistical analyses were performed using R software (version
4.4.1). Meta-analyses were conducted using the “meta” package
(version 6.5-0) for effect size pooling and forest plot generation.
Sensitivity analyses were performed using the “metafor” package
(version 4.4-0). The GOSH (Graphical Display of Study
Heterogeneity) function was implemented to explore potential
clustering patterns among studies. Statistical significance was set
at p<0.05 for all analyses.

Results
The result of literature selection

Figure 1 shows the literature selection process. Initially, 529 articles
were retrieved, and after preliminary duplication and screening, the PDF
full texts of 56 articles were finally obtained. After detailed screening, 9
articles (10, 11, 14-20) were finally included.

The characteristics of the included studies

The basic characteristics, grouping information, and outcome
indicators of all literature and patients are listed in Table 1.
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FIGURE 1

Study selection flow chart.

Quality and bias assessment

Among all 9 articles included, 8 articles (89.9%) had a quality
score of 8 or 9, with minimal bias and high quality; One article
(1.11%) received a score of 7, with slight bias and moderate quality.
The overall quality is good, as shown in Table 2.

Effect size pooling

The combined effect of hormone replacement
therapy (current and persist use) on cervical
cancer incidence

All literature reported the odd ratios of hormone replacement
therapy (current and persist use) for the incidence of cervical
cancer, with a total of 14 entries and a combined effect size:
OR=0.70, 95% CI [0.58, 0.85]. The heterogeneity between the
literature (I> = 49%, p=0.02) was statistically significant, therefore,
a random effect model was adopted during the merging process
(Figures 2A, B). There was a total of 4 reports on the effect of
hormone replacement therapy (current and persist use) on any
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cytologic abnormality related to cervical cancer, with a combined
effect size: OR =1.38 and 95% CI [1.22, 1.55] (Figure 2C).

Subgroup analysis and heterogeneity
investigation

In the pooling of ORs, there was statistical heterogeneity among
14 studies (I* = 49%, p=0.02). We conducted subgroup analysis of
the literature according to “Cancer type” and “HRT formula” to
investigate the sources of heterogeneity. By dividing the studies into
three subgroups according to ‘Cancer type’, the heterogeneity test
between groups showed p<0.01, indicating ‘Cancer type’ is a
statistically significant source of heterogeneity. The effect size of
HRT for the ‘Any type’ cervical cancer subgroup was OR=0.74, 95%
CI (0.57, 0.96), for adenocarcinoma subtype was OR=1.82, 95% CI
(0.91, 3.65), while the effect size for squamous cell carcinoma
subtype was OR=0.51, 95% CI (0.36, 0.71). Mixed type cervical
cancer was mentioned in one study but had insufficient sample size
for separate statistical analysis. These results suggest that HRT has a
protective effect against cervical cancer overall and squamous cell
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TABLE 1 Basic characteristics, participants, and outcomes of included studies.

. Stud Case Follow-u .
Studies y Country Samples / P Indicators
type controls (years)
Parazzini F et al. Nested Estrogen
Ttal: 1,394 645/749 50-70 A NR OR
(10) 1997 Case control &y / ny type alone
And GL et al. P ti Esti
nderson % €t @ rospective Us 16,608 8506/8102 50-79 Any type srogen 52 HR
(11) 2003 cohort study + progestin
Estrogen
L: . i It
acey JV Jr et al Retrospective Us 570 263/307 NR AC or SCC alone OR NR OR
(15) 2000 case control Estrogen
+ progestin
Adami HO et al. P ti Est
ami et al rospective Sweden 653 ~ 45 Any type strogens 4 RR
(16) 1989 cohort study alone
Estrogens
R Eetal ted - I R
ouraeta nested case EU 60 30/30 35-70 scc alone O 9 (7,5, 10.8) OR
(17) 2006 control study Estrogen
+ progestin
Ahn KH et al. Est
naneta Case control Korea 4,996 268/4728 621 (31-90) scc strogen NR OR
(18) 2009 + progestin
Y. t al. P ti Esti
asmeen § et a rospective Us 15,733 8070/7663 50-79 Any type strogen 6 HR
(19) 2006 cohort study + progestin
Estrogen
Schneider C et al. P ti
chneider & et d rospective UK 406 58/348 513+61  Any type OR 6 OR
(20) 2009 cohort study .
progestin
hi F L P i
Sakauchi F et a rospective Japan 584,742 10670/574072 NR Anytype | Loogen NR HR
(21) 2007 cohort study + progestin
SCC, Squamous Cell Carcinomas. AC, Adenocarcinomas; E+P, Estrogen + progestin; E, Estrogens alone.
TABLE 2 Bias risk assessment based on NOS of observational studies.
Studies Patients selection(/4) Comparability(/2) Outcomes(/3) Score(/9)
Parazzini F et al. (10) 1997 4 2 3 9
Anderson GL et al. (11) 2003 4 2 2 8
Lacey JV Jr et al. (15) 2000 4 2 2 8
Adami HO et al. (16) 1989 4 2 3 9
Roura E et al. (17) 2006 4 2 3 9
Ahn KH et al. (18) 2009 4 2 2 8
Yasmeen S et al. (19) 2006 4 2 2 8
Schneider C et al. (20) 2009 4 2 2 8
Sakauchi F et al. (21) 2007 3 2 2 7

NOS, Newcastle-Ottawa Scale.

carcinoma specifically but may increase the risk of adenocarcinoma
subtype. According to the HRT formula, the studies can be divided
into three subgroups with the following effect sizes: E alone
OR=0.69, 95% CI (0.55, 0.88), E+P combined OR=0.69, 95% CI
(0.48, 0.99), and P alone OR=1.66, 95% CI (0.39, 7.03). The
heterogeneity test between subgroups showed p=0.50, indicating
no significant heterogeneity between subgroups. These results
demonstrate that both estrogen alone and estrogen plus progestin
formulations have protective effects against cervical cancer, while
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progesterone alone shows a non-significant trend toward increased
risk (Figure 3).

We also conducted subgroup analysis on the literature
according to “Study design” and “Reported indicators” to
investigate the sources of heterogeneity. According to the “Study
design”, the two subgroups were identified, and the heterogeneity
test between groups showed p=0.08, indicating that there was no
significant heterogeneity between subgroups, ‘Study design’ is not a
statistically significant source of heterogeneity. According to the
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Study logS SE(logES) Effect size,IV,random(95%Cl) Weight(%) ES[95% Cl]
Parazzini F et al. (10) 1997 -0.6931 0.2502 — 16.0  0.50[0.31;0.82]
Anderson GL et al. (11) 2003  0.3646  0.5717 ——— 3.1 1.44[0.47; 4.42)
Lacey JV Jretal. (14) -12000 0.7419  0.4024 o 6.2  2.10[0.95;4.62]
Lacey JV Jr et al. (14) -22000 -0.1625 0.4645 _ 46  0.85[0.34;2.11]
Lacey JV Jr et al. (14) -32000 0.0953  0.7542 . 1.8  1.10[0.25;4.82]
Lacey JV Jr et al. (14) -4 2000 -0.1625 0.7103 = 20  0.85[0.21;3.42]
Adami HO et al. (15) 1989 -0.2357 0.2025 —0T 24.4  0.79[0.53;1.17]
Roura E et al. (16) -1 2006 -0.6931 0.2502 —— 160  0.50[0.31;0.82]
Roura E et al. (16) -2 2006 -1.6094 04106 ———— | 59  0.20[0.09;0.45]
Ahn KH et al. (17) 2009 -0.1625 0.4645 —_— 46  0.85[0.34;2.11]
Yasmeen S et al. (18) 2006 -0.1054 0.3122 _ 10.3  0.90[0.49; 1.66]
Schneider C et al. (19) -1 2009 -0.6733  0.6640 —1 23 051[0.14;1.87]
Schneider C et al. (19) 22009 0.5068  0.7362 _— 18  1.66[0.39;7.03]
Sakauchi F et al. (20) 2007 -0.2614 1.0332 : 09  0.77[0.10;5.83]
Total (95% ClI) <> 100.0  0.70[0.58; 0.85]
Heterogeneity: 7°=25.37, df=13, P=0.02; 1>=49% f T T !
0.1 05 1 2 10
Pooled Effect Size
o
B 2 4 — 0.0
©
S T — 02 3
>
[} © 2
=] o ] ~ 0.4 8
[ c
T g
o S — 06 2
C
X 3
S os
o ben
o =1r1.0
0.1 0.2 0.5 1.0 2.0 5.0
C Odds Ratio
Study logES SE(logES) Effect size,IV,random(95%Cl) Weight(%) ES[95% CI]
Roura E et al. (16) =1 2006 0.2624 0.1354 — 20.3  1.30[1.00; 1.69]
Roura E et al. (16) -2 2006 0.0953 0.2547 E— 57 1.10[0.67; 1.81]
Ahn KH et al. (17) 2009 0.5906 0.2803 — 4.7 1.80[1.04; 3.13]
Yasmeen S et al. (18) 2006 0.3365 0.0734 @ 69.2 1.40[1.21;1.62]
Total (95% CI) < 1000  1.38[1.22;1.55]
Heterogeneity: x?=1.94, df=3, P=0.58; 1>=0% f !
0.5 1 2

FIGURE 2
Forest plots of odds ratios for hormone replacement therapy (current and
(B) Forest plot; (C) Any cytologic abnormality.

“Reported Indicator”, the literature can be divided into three
subgroups, and the heterogeneity test between subgroups was
p=0.23, indicating the “Reported Indicator” is not a statistically
significant source of heterogeneity (Table 3).

The combined effect of hormone
replacement therapy with other
characteristics on the incidence of cervical
cancer

We conducted additional analyses to examine the effect of
specific HRT characteristics on cervical cancer risk (Figure 4). For
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Pooled Effect Size

persistent use) and cervical cancer incidence: (A) Overall estimate;

past use of HRT, analysis of 5 studies revealed a pooled OR of 0.80
(95% CI [0.60, 1.06]), suggesting a protective trend that did not
reach statistical significance (p>0.05). This finding indicates that
even previous HRT exposure may confer lasting protective effects
against cervical cancer development. Duration-specific analysis of 5
studies examining HRT use >1 year showed an OR of 0.81 (95% CI
[0.65, 1.01]), demonstrating consistent protective effects regardless
of treatment duration, with the upper confidence limit approaching
but not exceeding unity. Age-stratified analysis of 6 studies focusing
on women >50 years yielded an OR of 0.82 (95% CI [0.54, 1.26]),
indicating that HRT’s protective effect persists across different age
groups, though with wider confidence intervals reflecting increased
heterogeneity in older populations. Notably, all three analyses
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Subgroups logES SE(logES) Effect size,IV,random(95%CI) Weight(%) ES[95% CI] Subgroups logES  SE(logES) Effect size,IV,random(95%C) Weight(%) ~ ES[95% CI]
Cancer.type = Any type H HRT.Formula = E
Parazzini F et al. (10) 1997 -0.6931  0.2502 16.0  0.50[0.31;0.82] Parazzini F et al. (10) 1997 -0.6931  0.2502 —_— 160 0.50(0.31;0.82]
Anderson GLetal. (11)2003 03646 05717 31 1.44(0.47:4.42) Lacey JV Jretal. (14) -12000 0.7419  0.4024 62  2.10[0.95;4.62]
Adami HO et al. (15) 1989 02857 02025 244 0.79[058;1.17] Lacey JV Jretal. (14) 22000 -0.1625 0.4645 4.6 085[034;2.11]
Yasmeen S et al. (18) 2006 -0.1054 0.3122 10.3 Adami HO et al. (15) 1989 -0.2357 0.2025 244 0.79[0.53;1.17]
Schneider C et al. (19) 12009 -0.6733  0.6640 23 . K Roura E et al. (16) -1 2006 -0.6931 0.2502 160  0.50(0.31;0.82]
Schneider C et al. (19) -22009 0.5068  0.7362 18 1.66 (0.39; 7.03] Schneider C et al. (19) -1 2009 -0.6733  0.6640 23 0.51[0.14; 1.87]
Sakauchi F et al. (20) 2007 -0.2614 1.0332 0.9 0.77[0.10; 5.83] Total (95% CI) 69.5  0.69[0.55; 0.88]
Total (95% CI) 58.8  0.74[0.57;0.96] Heterogeneity: 7% = 11.82, df = 5, P = 0.04; I* = 58%
Heterogeneity: y° = 5.83, df = 6, P = 0.44; I = 0%
HRT.Formula = E+P
Cancer.type = AC Anderson GL et al. (11)2003  0.3646  0.5717 ——— 3.1 1.44(0.47; 4.42]
Lacey JV Jretal. (14) -12000 07419  0.4024 6.2 2.10(0.95; 4.62] Lacey JV Jretal. (14) -32000 0.0953 0.7542 18 1.10 (0.25; 4.82]
Lacey JV Jretal. (14) -32000 0.0953  0.7542 18 1.10(0.25; 4.82] Lacey JV Jretal. (14) -4 2000 -0.1625 0.7103 B S 20 0.85[0.21; 3.42]
Total (95% CI) N 79 1.82[0.91;3.65] Roura E et al. (16) -2 2006 ~-1.6094 04106 ———— 59 0.20[0.09; 0.45]
Heterogeneity: 5 = 0.57, df =1, P = 0.45; I = 0% Ahn KH et al. (17) 2009 -0.1625 04645 —_— 46 0.85[0.34;2.11]
Yasmeen S et al. (18) 2006 -0.1054 03122 —r— 103 0.90(0.49; 1.66]
Cancer.type = SCC Sakauchi F et al. (20) 2007 -0.2614 1.0332 0.9 0.77[0.10; 5.83]
Lacey JV Jretal. (14) 22000 -0.1625 0.4645 46 0.85(0.34;2.11] Total (95% Cl) <> 286  0.69[0.48;0.99]
Lacey JV Jret al. (14) -4 2000 -0.1625 0.7103 2.0 Heterogeneity: 5 = 12.16, df = 6, P = 0.06; I = 51% H
Roura E et al. (16) -1 2006 -0.6931  0.2502 16.0
RouraE etal. (16) -22006  -1.6094 0.4106 59 020 {o. ,0.45} HRT.Formula = P {
Ahn KH et al. (17) 2009 -0.1625 0.4645 46 0.85[0.34;2.11 i - —_
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FIGURE 3

Subgroup analysis of odds ratios for hormone replacement therapy and cervical cancer incidence: (A) Grouping according to cancer type;

(B) Grouping according to HRT formula. HRT, hormone replacement therapy.

TABLE 3 Subgroup analysis evaluated by study design and indicators.

Index Group Subgroups Number Effect size Intra p-value of inter
method group group
heterogeneity heterogeneity test
2 P
Cohort study 6 OR = 0.86, 95%ClI [0.58; 0.85] 0% 0.79 0.08
1 Study design
Case control study 8 OR = 0.60, 95%CI [0.47; 0.78] 62% <0.01
OR 10 OR = 0.62, 95%CI [0.48; 0.82] 59% <0.01 0.23
2 Reported indicator HR 3 OR = 0.9, 95%CI [0.59; 1.66] 0% 075
RR 1 OR = 0.70, 95%ClI [0.58; 0.85] - -

showed remarkably consistent effect sizes (OR = 0.80-0.82),
reinforcing the robustness of HRT’s protective association against
cervical cancer across different patient characteristics and
exposure patterns.

Meta-regression analysis

To investigate the factors that may affect the pooled ES results,
we conducted correlation analysis using three sets of data:
“publication year”, “sample size”, and “literature quality score”
and found a strong correlation of -0.63 between sample size and
literature quality (Figure 5A). We conducted a multivariate
regression analysis using four conventional variables: ‘publication
year’, ‘sample size’, literature quality score’, and ‘Continent’ and
found that none of these factors had a statistically significant impact
on the results (p>0.05). Based on our subgroup analyses, cancer
subtype appears to be the primary dominant variable, showing
significant between-group heterogeneity (p<0.01). While HRT
formulation did not show significant heterogeneity between
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subgroups (p=0.50), other potentially dominant variables that
warrant future investigation include HRT duration, mean
participant age, baseline HPV status, and menopausal status, as
these clinical and biological factors may have stronger influence on
cervical cancer risk than the conventional methodological variables
we initially examined. Cancer subtype is currently the only
confirmed dominant factor based on our available data,
highlighting the need for more comprehensive variable collection
in future meta-analyses (Figure 5B).

Sensitivity analysis

The GOSH diagnosis clearly clustered the studies into 3 groups.
Based on the results of previous subgroup analysis, we speculate
that these clusters were related to different types of cervical cancer
(Figure 6A). Influence analysis using multiple diagnostic statistics
identified literature (15) [study (3) in Figure 6B] as an influential
outlier across several measures including standardized residuals
(rstudent), DFFITS values, Cook’s distance (cook.d), and covariance
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FIGURE 4
Odds ratios of hormone replacement therapy with specific features for cervical cancer incidence: (A) Past ever use; (B) Duration of use >1 year;
(C) Age >50 years.
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Meta-regression analysis of odds ratios for hormone replacement therapy and cervical cancer incidence: (A) Correlation between variables;
(B) Importance of 4 predictors.

ratios (cov.r). The study exceeded conventional threshold criteria Publication bias

across these diagnostics, as indicated by the red triangular markers

in Figure 6B. However, sensitivity analysis excluding this study In the analysis of the effect size of HRT (current and persist use)
showed minimal change in the pooled effect size, confirming the  for cervical cancer incidence, 14 studies were assessed using the
robustness and reliability of our meta-analysis results. trim-and-fill method. The result suggested an additional 5 studies
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FIGURE 6

Sensitivity analysis of odds ratios for hormone replacement therapy and cervical cancer incidence: (A) GOSH plot; (B) Influence analysis plot. The red

dots represent outlier studies.

need to be added to fully compensate for the asymmetry on both
sides of the funnel. However, Egger’s test yielded p=0.386,
indicating that the asymmetry on both sides of the funnel is not
statistically significant. The unadjusted funnel plots of 14 studies
were shown in Figure 7.

Discussion

HRT is the most effective treatment for menopausal syndrome
currently, offering significant relief from symptoms of menopause in
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women and improvement of their quality of life (22). However, the
potential association between HRT and the risk of female
malignancies has always been a big concern among researchers
(23). This meta-analysis represents the first comprehensive
quantitative synthesis examining HRT effects on cervical cancer
risk with subtype-specific analysis. Our findings demonstrate an
overall protective effect, which contrasts sharply with established
HRT associations in other gynecological malignancies such as breast
and endometrial cancers where increased risks are consistently
reported (24, 25). This divergent pattern suggests distinct hormonal
sensitivity mechanisms in cervical carcinogenesis.
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The OR values of all the 9 studies were pooled and a combined
estimate of OR=0.70 was obtained, indicating that overall, the use of
external hormones is still safe for the occurrence of cervical cancer. In
fact, an OR<1 suggests a decrease in the incidence of cervical cancer,
and the use of exogenous hormones has a protective effect on cervical
cancer. Additionally, we pooled the results of any reported cytological
lesions, and yielded a combined estimate of OR=1.38, which
suggested that although exogenous hormones did not increase the
incidence rate of CC, they may be associated with a likelihood of
developing cytological lesions in the cervical epithelium.

The observed protective effect likely involves multiple
interconnected mechanisms. Estrogen’s immunomodulatory
properties may enhance Langerhans cell function and improve
local immunosurveillance against HPV infection (26).
Additionally, HRT users typically undergo more frequent
gynecological surveillance, enabling earlier detection and
treatment of precancerous lesions (27). The differential subtype
effects reflect distinct biological pathways: cervical adenocarcinoma
demonstrates estrogen-receptor positivity like endometrial cancer,
while squamous cell carcinoma benefits from enhanced immune
surveillance, which is a high-risk factor for epithelial cell related
cancer (28, 29). In addition, studies (30) have observed that patients
who take exogenous hormones for a long time have a significant
decrease in the number of Langerhans cells in the cervical squamous
epithelial junction, leading to local tissue immunodeficiency and
inability to prevent potential diseased cells from developing into
cervical tumor cells. But from the long run, the incidence rate of CC
has not increased. We speculate that the protective effect of HRT
may be due to the stricter medical control measures in the
population using HRT, the regular follow-up and screening for
cervical exfoliated cells. Therefore, early detection and treatment of
benign or precancerous cervical lesions can be achieved, which to
some extent prevents the occurrence of cervical cancer (31).

Subgroup analysis by histological type revealed important
differential effects. Mixed type cervical cancer was identified in
the literature but had insufficient data for meaningful separate
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analysis. The results showed that the use of exogenous hormones
had a significantly increase in the incidence rate of adenocarcinoma,
but a decrease in squamous cell carcinoma, indicating differential
hormonal sensitivity between cervical adenocarcinoma and
squamous cell carcinoma (32). Currently, evidence generally
supports the view that cervical squamous cell carcinoma is not
hormone dependent and can be safely treated with HRT. In
contrast, cervical adenocarcinoma appears to be hormonally
sensitive, and the use of HRT may not only be associated with
the development of the disease but also contribute to the prognosis
of it (33). These findings are consistent with the results of this study.
Therefore, patients with precancerous lesions or those who have
been diagnosed with cervical adenocarcinoma should be
particularly cautious when using HRT.

Our findings should be interpreted in the context of existing
systematic reviews examining HRT and cervical cancer
relationships. The recent systematic review by Vargiu V et al. (34)
evaluated the safety of HRT in cervical cancer survivors and
concluded that HRT is generally not contraindicated after cervical
cancer treatment, demonstrating protective effects against cervical
squamous cell carcinoma. Our quantitative meta-analysis strongly
supports these conclusions, showing an overall protective effect
(OR=0.70) and specific protection for squamous cell carcinoma
(OR=0.51). Importantly, both studies consistently demonstrate that
HRT does not increase overall cervical cancer risk. While Vargiu
et al. conducted a qualitative systematic review, our study provides
the first comprehensive quantitative synthesis with precise pooled
effect estimates and subtype-specific risk assessments.

We also conducted subgroup analysis according to the
composition of HRT. The results showed that the use of E alone or
the combination of E+P did not increase the incidence rate of cervical
cancer, but the use of progesterone P alone might be associated with
the increased risk. However, it should be noted that this finding is
based on a single study, which limits the level of evidence. The
International Agency for Research on Cancer (IARC) has previously
reported (35) that the use of E alone by postmenopausal women will
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increase the risk of gynecological malignancies including breast
cancer and endometrial cancers. Therefore, the combined E+P
regimen is recommended for HRT in perimenopausal women,
from a safety perspective.

Our analysis of HRT characteristics provides important clinical
insights into the consistency of protective effects across different
patient populations and treatment patterns. The remarkable
consistency of effect sizes across past ever use, duration >1 year,
and age >50 years suggests that HRT’s protective association with
cervical cancer is robust and independent of these patient
characteristics (36). This consistency is particularly important for
clinical decision-making, as it indicates that the protective effect is
not limited to specific treatment durations or patient age groups.
The finding that past ever use maintains protective trends suggests
potential lasting benefits even after treatment discontinuation,
which has important implications for long-term cancer risk
assessment in former HRT users (37). The age-stratified analysis
showing maintained protective effects in women >50 years is
clinically significant, as this population represents the primary
target group for HRT therapy.

To assess the sensitivity of the results, we conducted regression
analysis on four potential influencing factors “publication year”,
“sample size”, “geographic region (continent)”, and “literature
quality”. We found that none of these four factors dominated the
overall meta-analysis estimate. Additionally, GOSH diagnosis
revealed that the studies could be clustered into about 3 groups,
potentially reflecting differences in subtypes of cancer. In the
influence analysis, reference (15) was identified as an outlier.
However, the overall estimate was not significantly altered after
excluding this reference, indicating that the findings of this meta-
analysis are stable and robust.

The trim-and-fill method found that approximately 5
additional references should be needed to achieve full symmetry
in the funnel plot. However, Egger’s test did not conclude
significant asymmetry, indicating that the publication bias of this
study is minimal. The evidence level is strengthened by the large
sample sizes of the included studies and the high quality of them.
Nevertheless, several limitations should be acknowledged. First,
excluding 11 studies due to unavailable full texts may introduce
selection bias, as these studies might systematically differ from
included ones in outcomes, geographic distribution, or
methodology, potentially affecting result generalizability. Second,
the total number of studies included was still relatively small;
second, all studies included were published between 1997 and
2009, and there has been a notable lack of studies reporting on
this topic over the past decade. Therefore, further high-quality,
rigorous designed clinical controlled studies are needed to provide
more robust evidence. Important limitations include the lack of
standardized long-term duration reporting (>5 years) and
inconsistent HPV status documentation across studies. Future
research should prioritize standardized long-term follow-up and
systematic HPV status reporting to enable comprehensive risk
stratification and better comparability with other hormonal
contraceptive studies.
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Conclusion

The findings of this meta-analysis suggest that HRT does not
increase the overall risk of cervical cancer, but it may elevate the risk
of developing cervical cytological lesions, and the risk of cervical
adenocarcinoma is significantly higher than other subtypes. In
clinical practice, healthcare providers should educate
perimenopausal women about the knowledge of HRT, promote
standardized medication use of it, and emphasize the importance of
regularly screening for cervical cells, and prevent potential adverse
effects during HRT application.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Author contributions

YZ: Writing - original draft, Conceptualization, Data curation,
Formal Analysis, Investigation, Methodology, Software. JW:
Investigation, Writing — original draft. YR: Writing - review &
editing, Supervision.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2025.1621570
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhou et al.

References

1. Vigneswaran K, Hamoda H. Hormone replacement therapy - Current
recommendations. Best Pract Res Clin Obstet Gynaecol. (2022) 81:8-21. doi: 10.1016/
j.bpobgyn.2021.12.001

2. Flores VA, Pal L, Manson JE. Hormone therapy in menopause: concepts,
controversies, and approach to treatment. Endocr Rev. (2021) 42:720-52.
doi: 10.1210/endrev/bnab011

3. Gatenby C, Simpson P. Menopause: Physiology, definitions, and symptoms. Best
Pract Res Clin Endocrinol Metab. (2024) 38:101855. doi: 10.1016/j.beem.2023.101855

4. Lincoff AM, Bhasin S, Flevaris P, Mitchell LM, Basaria S, Boden WE, et al.
Cardiovascular safety of testosterone-replacement therapy. N Engl ] Med. (2023)
389:107-17. doi: 10.1056/NEJMo0a2215025

5. Beral V, Bull D, Doll R, Key T, Peto R, Reeves G, et al. Breast cancer and hormone
replacement therapy: collaborative reanalysis of data from 51 epidemiological studies of
52,705 women with breast cancer and 108,411 women without breast cancer.
Collaborative Group on Hormonal Factors in Breast Cancer. Lancet. (1997)
350:1484. doi: 10.1016/S0140-6736(97)08233-0

6. Grady D, Gebretsadik T, Kerlikowske K, Ernster V, Petitti D. Hormone
replacement therapy and endometrial cancer risk: a meta-analysis. Obstet Gynecol.
(1995) 85:304-13. doi: 10.1016/0029-7844(94)00383-O

7. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer |
Clin. (2023) 73:17-48. doi: 10.3322/caac.21763

8. Johnson CA, James D, Marzan A, Armaos M. Cervical cancer: an overview of
pathophysiology and management. Semin Oncol Nurs. (2019) 35:166-74. doi: 10.1016/
j.soncn.2019.02.003

9. Amado G, Weldegebreal F, Birhanu S, Dessie Y. Cervical cancer screening
practices and its associated factors among females of reproductive age in Durame
town, Southern Ethiopia. PloS One. (2022) 17:€0279870. doi: 10.1371/
journal.pone.0279870

10. Parazzini F, La Vecchia C, Negri E, Franceschi S, Moroni S, Chatenoud L, et al.
Case-control study of oestrogen replacement therapy and risk of cervical cancer. BMJ.
(1997) 315:85-8. doi: 10.1136/bmj.315.7100.85

11. Anderson GL, Judd HL, Kaunitz AM, Barad DH, Beresford SA, Pettinger M,
et al. Effects of estrogen plus progestin on gynecologic cancers and associated diagnostic
procedures: the Women’s Health Initiative randomized trial. JAMA. (2003) 290:1739-
48. doi: 10.1001/jama.290.13.1739

12. Cook DA, Reed DA. Appraising the quality of medical education research
methods: the Medical Education Research Study Quality Instrument and the
Newcastle-Ottawa Scale-Education. Acad Med. (2015) 90:1067-76. doi: 10.1097/
ACM.0000000000000786

13. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ. (2003) 327:557-60. doi: 10.1136/bmj.327.7414.557

14. Fraley C, Raftery AE. Model-based clustering, discriminant analysis, and density
estimation. ] Am Stat Assoc. (2002) 97:611-31. doi: 10.1198/016214502760047131

15. Lacey JV]r, Brinton LA, Barnes WA, Gravitt PE, Greenberg MD, Hadjimichael OC, et al.
Use of hormone replacement therapy and adenocarcinomas and squamous cell carcinomas of the
uterine cervix. Gynecol Oncol. (2000) 77:149-54. doi: 10.1006/gyno.2000.5731

16. Adami HO, Persson I, Hoover R, Schairer C, Bergkvist L. Risk of cancer in
women receiving hormone replacement therapy. Int ] Cancer. (1989) 44:833-9.
doi: 10.1002/ijc.2910440515

17. Roura E, Travier N, Waterboer T, de Sanjosé S, Bosch FX, Pawlita M, et al. The
influence of hormonal factors on the risk of developing cervical cancer and pre-cancer: results
from the EPIC cohort. PloS One. (2016) 11:¢0147029. doi: 10.1371/journal.pone.0147029

18. Ahn KH, Kim T, Kim YT, Lee KW, Kim SH. Current hormone therapy
associated with atypical squamous cells of undetermined significance in
postmenopausal women. Int ] Gynecol Cancer. (2009) 19:699-702. doi: 10.1111/
IGC.0b013e31819d8b5b

19. Yasmeen S, Romano PS, Pettinger M, Johnson SR, Hubbell FA, Lane DS, et al.
Incidence of cervical cytological abnormalities with aging in the women’s health

Frontiers in Oncology

12

10.3389/fonc.2025.1621570

initiative: a randomized controlled trial. Obstet Gynecol. (2006) 108:410-9.
doi: 10.1097/01.A0G.0000225976.69396.fb

20. Schneider C, Jick SS, Meier CR. Risk of gynecological cancers in users of
estradiol/dydrogesterone or other HRT preparations. Climacteric. (2009) 12:514-24.
doi: 10.1016/S0140-6736(97)08233-0

21. Sakauchi F, Japan Collaborative Cohort Study for Evaluation of Cancer.
Reproductive history and health screening for women and mortality in the Japan
Collaborative Cohort Study for Evaluation of Cancer (JACC). Asian Pac ] Cancer Prev.
(2007) 8 Suppl:129-34.

22. Sayfullaeva J, McLoughlin J, Kwakowsky A. Hormone replacement therapy and
alzheimer’s disease: current state of knowledge and implications for clinical use. J
Alzheimers Dis. (2024) 101:5235-61. doi: 10.3233/JAD-240899

23. Rozenberg S, Di Pietrantonio V, Vandromme J, Gilles C. Menopausal hormone
therapy and breast cancer risk. Best Pract Res Clin Endocrinol Metab. (2021) 35:101577.
doi: 10.1016/j.beem.2021.101577

24. Kim ], Munster PN. Estrogens and breast cancer. Ann Oncol. (2025) 36:134-48.
doi: 10.1016/j.annonc.2024.10.824

25. Lee HJ, Lee B, Choi H, Lee M, Lee K, Lee TK, et al. Hormone replacement
therapy and risks of various cancers in postmenopausal women with de novo or a
history of endometriosis. Cancers (Basel). (2024) 16:809. doi: 10.3390/cancers16040809

26. Schellekens HCJ, Schmidt LMS, Morré SA, van Esch EMG, de Vos van Steenwijk
PJ. Vaginal microbiota and local immunity in HPV-induced high-grade cervical
dysplasia: A narrative review. Int ] Mol Sci. (2025) 26:3954. doi: 10.3390/ijms26093954

27. Yoshihama T, Yokota M, Aoki D, Yamagami D. Hormone replacement therapy
in female-specific cancer survivors: considerations beyond cancer cure. Jpn J Clin
Oncol. (2025) hyaf092. doi: 10.1093/jjco/hyaf092

28. Ferenczy A, Gelfand MM, Franco E, Mansour N. Human papillomavirus
infection in postmenopausal women with and without hormone therapy. Obstet
Gynecol. (1997) 90:7-11. doi: 10.1016/S0029-7844(97)00217-2

29. Smith EM, Levy BT, Ritchie JM, Jia J, Wang D, Haugen TH, et al. Is use of
hormone replacement therapy associated with increased detection of human
papillomavirus and potential risk of HPV-related genital cancers? Eur J Cancer Prev.
(2002) 11:295-305. doi: 10.1097/00008469-200206000-00013

30. Sator PG, Schmidt JB, Rabe T, Zouboulis CC. Skin aging and sex hormones in
women - clinical perspectives for intervention by hormone replacement therapy. Exp
Dermatol. (2004) 13 Suppl 4:36-40. doi: 10.1111/j.1600-0625.2004.00259.x

31. Committee on Clinical Consensus-Gynecology. Compounded bioidentical
menopausal hormone therapy: ACOG clinical consensus no. 6. Obstet Gynecol.
(2023) 142:1266-73. doi: 10.1097/A0G.0000000000005395

32. Kuhle CL, Kapoor E, Sood R, Thielen JM, Jatoi A, Faubion SS. Menopausal
hormone therapy in cancer survivors: A narrative review of the literature. Maturitas.
(2016) 92:86-96. doi: 10.1016/j.maturitas.2016.07.018

33. Tran S, Hickey M, Saunders C, Ramage L, Cohen PA. Nonpharmacological
therapies for the management of menopausal vasomotor symptoms in breast cancer
survivors. Support Care Cancer. (2021) 29:1183-93. doi: 10.1007/500520-020-05754-w

34. Vargiu V, Amar ID, Rosati A, Dinoi G, Turco LC, Capozzi VA, et al. Hormone
replacement therapy and cervical cancer: a systematic review of the literature.
Climacteric. (2021) 24:120-7. doi: 10.1080/13697137.2020.1826426

35. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans.
Combined estrogen-progestogen contraceptives and combined estrogen-progestogen
menopausal therapy. IARC Monogr Eval Carcinog Risks Hum. (2007) 91:1-528.

36. Liu L, Wang X, Guo D, Ma R, Gong H, Wang C. Hormone replacement therapy
and risk of pancreatic cancer in postmenopausal women: Evidence from the US
National Inpatient Sample 2008-2018. Heliyon. (2024) 10:18. doi: 10.1016/
j.heliyon.2024.e37588

37. Donohoe F, O'Meara Y, Roberts A, Comerford L, Kelly CM, Walshe JM, et al.
Using menopausal hormone therapy after a cancer diagnosis in Ireland. Ir ] Med Sci.
(2023) 192:45-55. doi: 10.1007/s11845-022-02947-6

frontiersin.org


https://doi.org/10.1016/j.bpobgyn.2021.12.001
https://doi.org/10.1016/j.bpobgyn.2021.12.001
https://doi.org/10.1210/endrev/bnab011
https://doi.org/10.1016/j.beem.2023.101855
https://doi.org/10.1056/NEJMoa2215025
https://doi.org/10.1016/S0140-6736(97)08233-0
https://doi.org/10.1016/0029-7844(94)00383-O
https://doi.org/10.3322/caac.21763
https://doi.org/10.1016/j.soncn.2019.02.003
https://doi.org/10.1016/j.soncn.2019.02.003
https://doi.org/10.1371/journal.pone.0279870
https://doi.org/10.1371/journal.pone.0279870
https://doi.org/10.1136/bmj.315.7100.85
https://doi.org/10.1001/jama.290.13.1739
https://doi.org/10.1097/ACM.0000000000000786
https://doi.org/10.1097/ACM.0000000000000786
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1198/016214502760047131
https://doi.org/10.1006/gyno.2000.5731
https://doi.org/10.1002/ijc.2910440515
https://doi.org/10.1371/journal.pone.0147029
https://doi.org/10.1111/IGC.0b013e31819d8b5b
https://doi.org/10.1111/IGC.0b013e31819d8b5b
https://doi.org/10.1097/01.AOG.0000225976.69396.fb
https://doi.org/10.1016/S0140-6736(97)08233-0
https://doi.org/10.3233/JAD-240899
https://doi.org/10.1016/j.beem.2021.101577
https://doi.org/10.1016/j.annonc.2024.10.824
https://doi.org/10.3390/cancers16040809
https://doi.org/10.3390/ijms26093954
https://doi.org/10.1093/jjco/hyaf092
https://doi.org/10.1016/S0029-7844(97)00217-2
https://doi.org/10.1097/00008469-200206000-00013
https://doi.org/10.1111/j.1600-0625.2004.00259.x
https://doi.org/10.1097/AOG.0000000000005395
https://doi.org/10.1016/j.maturitas.2016.07.018
https://doi.org/10.1007/s00520-020-05754-w
https://doi.org/10.1080/13697137.2020.1826426
https://doi.org/10.1016/j.heliyon.2024.e37588
https://doi.org/10.1016/j.heliyon.2024.e37588
https://doi.org/10.1007/s11845-022-02947-6
https://doi.org/10.3389/fonc.2025.1621570
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	The effect of hormone replacement therapy on cervical cancer risk in perimenopausal women: a systematic review and meta-analysis of observational studies
	Introduction
	Materials and methods
	Databases and search strategy
	Literature inclusion
	Literature screening
	Quality assessment
	Outcomes
	Data extraction
	Effect size and pooling
	Heterogeneity statistics and source investigation
	Sensitivity
	Publication bias
	Statistical analysis

	Results
	The result of literature selection
	The characteristics of the included studies
	Quality and bias assessment
	Effect size pooling
	The combined effect of hormone replacement therapy (current and persist use) on cervical cancer incidence

	Subgroup analysis and heterogeneity investigation
	The combined effect of hormone replacement therapy with other characteristics on the incidence of cervical cancer
	Meta-regression analysis
	Sensitivity analysis
	Publication bias

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


