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Abstract

Objectives To investigate whether menopause is associated with adverse clinical periodontal outcomes by systematically
comparing postmenopausal and premenopausal women.

Materials and methods A systematic review of observational studies was conducted following PRISMA guidelines. Elec-
tronic databases were searched up to March 2025 March 2025 for observational studies reporting clinical periodontal param-
eters in postmenopausal women not undergoing hormone replacement therapy. Risks of bias and certainty of evidence were
assessed using ROBINS-I and GRADE frameworks.

Results Nine studies met inclusion criteria. Postmenopausal women showed greater clinical attachment loss, increased prob-
ing depths, and more pronounced signs of inflammation. However, the certainty of evidence was rated as moderate to low,
mainly due to methodological variability.

Conclusions While the observed trends suggest that menopause is a clinically relevant factor in periodontal health, the cur-
rent evidence base is weak. High-quality prospective studies are urgently needed to confirm these findings before informing
clinical practice or developing new guidelines.

Clinical relevance Findings contribute to the current understanding of systemic influences on periodontal disease, with rel-
evance to aging, women’s health, and menopause as a physiological stage of life.
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Periodontitis is a multifactorial and chronic inflammatory

disease that leads to the gradual destruction of the periodon-
tal ligament and alveolar bone. Although the presence of bac-
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the immune response of the individual and various systemic
modifiers plays a crucial role in determining the severity and
progression of the disease [1]. Among these systemic factors
hormonal fluctuations related to menopause have emerged
as a particularly relevant factor, drawing increasing attention
due to their potential impact on periodontal health.

Menopause is associated with a marked decrease in circu-
lating estrogen levels, which has been shown to affect bone
remodeling and immune modulation [2]. Estrogen receptors
are expressed in periodontal tissues, including gingival fibro-
blasts and periodontal ligament cells, suggesting that estrogen
may play a direct role in maintaining periodontal homeostasis
[3]. Estrogen deficiency may promote an exaggerated inflam-
matory response, favoring increased expression of pro-inflam-
matory cytokines such as TNF-o and IL-6, which contribute to
periodontal tissue breakdown and bone loss [4, 5].

Beyond immune modulation, hypoestrogenism may also
influence the subgingival microbial ecosystem. Recent find-
ings indicate that postmenopausal women exhibit a distinct
microbial profile compared to premenopausal women, with
an increased abundance of periodontopathogens [6, 7].
This microbial shift is accompanied by local inflammatory
changes, as reflected in altered levels of salivary and gingi-
val crevicular fluid (GCF) biomarkers. Notably, reductions
in protective molecules such as osteoprotegerin (OPG) and
increases in inflammatory mediators have been documented
[3, 5], suggesting that both host and microbial factors con-
verge to shape periodontal vulnerability in menopause.

Although several studies have explored the relationship
between menopause and periodontal health, the evidence
remains inconclusive. While some report increased clini-
cal attachment loss in postmenopausal women [7], others
find no significant differences when compared to premeno-
pausal counterparts [4]. This variability may be explained
by differences in study design, time since menopause, use
of hormone replacement therapy (HRT), and the presence of
confounding factors such as age or systemic conditions [8,
9]. Consequently, the extent to which estrogen deficiency
influences periodontal health remains uncertain.

To address this gap, we conducted a systematic review
aimed at evaluating clinical periodontal outcomes in post-
menopausal versus premenopausal women, with particular
emphasis on identifying potential associations with peri-
odontal disease progression or severity.

Materials and methods
Protocol registration and reporting format

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses (PRISMA) statement [10] and Cochrane
guidelines for systematic reviews, version 6.5 [11]. The
review protocol was prospectively registered in the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO) under the registration CRD420251055123.

Review question

In postmenopausal women compared to premenopausal
women, are there clinical changes such as periodontal
attachment loss, alveolar bone resorption, and worsening of
periodontal disease?

PICO question (Problem, Intervention, Comparison,
Outcome)

Population (P): Postmenopausal women and no history of
HRT.

Intervention (I): Postmenopausal state.

Comparison: (C): Premenopausal women.

Outcomes (O): Worsening of periodontitis and peri-
odontal health parameters, including clinical attachment
loss (CAL), probing pocket depth (PPD), gingival reces-
sion (GR), bleeding on probing (BOP), gingival index (GI),
plaque index (PI).

Eligibility criteria

Inclusion criteria were established as (a) Studies includ-
ing premenopausal and postmenopausal women group; (b)
human studies; (c) studies analyzing the effects of estrogen
deficiency on periodontal tissues; (d) studies published in
English or Spanish.

The exclusion criteria were as follows: (a) studies that
do not provide a differentiated analysis for postmenopausal
women; (b) studies that do not specifically analyze the
effects of estrogen deficiency on periodontal tissues; (c)
animal studies, in vitro studies, narrative reviews, opinion
articles, and single case reports; (d) studies published in lan-
guages other than English or Spanish; (e) studies that do not
meet the inclusion criteria.

Information sources and searches

A comprehensive literature search was conducted using the
electronic databases PubMed, Embase, Scopus and Web of
Science to identify relevant studies. The initial search strat-
egy was developed in PubMed using a combination of Med-
ical Subject Headings (MeSH) and free-text terms. It was
subsequently refined with contributions from the research
team (AS-S, CC-S, MJR), whose expertise in oral health
and menopause ensured comprehensive coverage of the
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core concepts: menopause, estrogen deficiency, and peri-
odontal diseases. The strategies were adapted to the con-
trolled vocabulary and syntax specific to each database. No
restrictions were applied regarding the date of publication.
Only studies published in English or Spanish were included.
The final search was completed on 23 March 2025.

The detailed strategies used were as follows:

e PubMed: ("Postmenopause"[MeSH] OR postmeno-
pausal women OR menopause) AND (estrogen* OR
"Estrogen Deficiency"[MeSH] OR hypoestrogenism
OR "estrogen depletion" OR "estrogen loss" OR "low
estrogen levels") AND ("Periodontal Diseases"[MeSH]
OR periodontitis OR "gingival recession" OR "alveolar
bone loss" OR "gingival thinning" OR "periodontal tis-
sue change*").

e EMBASE: (‘postmenopausal woman'/exp OR "post-
menopausal women" OR postmenopausal OR meno-
pause) AND (estrogen* OR 'estrogen deficiency'/exp
OR hypoestrogenism OR "estrogen depletion” OR
"estrogen loss" OR "low estrogen levels") AND ('peri-
odontal disease'/exp OR periodontitis OR 'gingival re-
cession'/exp OR 'alveolar bone loss'/exp OR "gingival
thinning" OR "periodontal tissue change*").

e SCOPUS: TITLE-ABS-KEY ((postmenopausal OR
"postmenopausal women" OR menopause) AND es-
trogen* OR "estrogen deficiency" OR hypoestrogen-
ism OR "estrogen depletion" OR "low estrogen levels")
AND ("periodontal disease*" OR periodontitis OR "gin-
gival recession" OR "alveolar bone loss" OR "gingival
thinning" OR "periodontal tissue change*")).

o Web of Science: ("postmenopausal OR "postmenopaus-
al women" OR menopause) AND (estrogen* OR "es-
trogen deficiency" OR hypoestrogenism OR "estrogen
depletion" OR "estrogen loss" OR "low estrogen lev-
els") AND ("periodontal disease*" OR periodontitis OR
"gingival recession" OR "alveolar bone loss" OR "gin-
gival thinning" OR "periodontal tissue change*")

All search results were imported into reference management
software, and duplicates were removed prior to screening.
Grey literature, clinical trial registries, or conference pro-
ceedings were not included in the search strategy.

Screening process and data extraction

Duplicates were removed and screening of titles and
abstracts was performed independently by two reviewers
(FC-SM, CC-S) using Rayyan QCRI to facilitate the blinded
selection process and conflict resolution [12]. Full texts of
potentially eligible studies were then assessed for inclusion
based on predefined criteria. Disagreements were resolved

by consensus or consultation with a third reviewer (AS-S).
Reasons for exclusion were recorded, and inter-reviewer
agreement was measured using the Kappa coefficient.

Data extraction included the author, year of publication,
study design, sample size, characteristics of participants,
estrogen level or status confirmation, periodontal param-
eters evaluated (PPD, CAL, BOP, PI, GI, GR), presence
of systemic diseases, smoking status, and key statistical
outcomes. In addition, the presence or absence of HRT
was recorded. The outcome variables were categorized
into clinical domains according to predefined PICO crite-
ria. Only studies that clearly compared premenopausal and
postmenopausal women without HRT were included.

Quality of evidence assessment

Risk of bias was independently assessed by two review-
ers (CC-S, MJR) using a structured approach based on
the ROBINS-I (Risk of Bias in Non-randomized Studies
— Interventions, version 2) tool, adapted for cross-sectional
observational designs. Although originally intended for
evaluating intervention studies, the framework was applied
to assess methodological limitations relevant to cross-sec-
tional studies in the present review. The assessment con-
sidered seven domains: (D1) bias due to confounding; (D2)
bias in selection of participants; (D3) bias in classification of
exposures; (D4) bias due to deviations from intended expo-
sures; (D5) bias due to missing data; (D6) bias in measure-
ment of outcomes; and (D7) bias in selection of the reported
result. Each domain was rated as low, moderate, serious,
or critical risk of bias, or as having insufficient informa-
tion to permit a judgment. An overall risk of bias judgment
was assigned to each study, reflecting the highest level of
bias identified across the domains. Disagreements between
reviewers were resolved through discussion or consulta-
tion with a third reviewer (AS-S). The certainty of the evi-
dence and strength of recommendations were intended to be
evaluated using the GRADE (Grading of Recommendations
Assessment, Development and Evaluation) approach, con-
tingent upon data availability and consistency across studies
[13]. A quantitative meta-analysis was not conducted due to
significant heterogeneity in study designs, populations, and
outcome measurements.

Results
Search results
A total of 644 records were identified through database

searches (Fig. 1). After removal of duplicates (n=300), 344
articles remained for title and abstract screening. Based on
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Fig. 1 Study selection process following PRISMA 2020. Flow diagram
summarising the identification, screening, and inclusion of eligible
observational studies assessing the association between menopause
and periodontal health. Of 644 records initially retrieved, 9 studies
were included in the final qualitative synthesis after applying inclusion
and exclusion criteria

predefined eligibility criteria, 19 articles were selected for
full-text assessment. Nine studies were included in the qual-
itative synthesis (Table 1). Inter-rater agreement for study
selection indicated a high level of consistency between
reviewers (k=0.92), with any discrepancies resolved
through discussion to reach consensus.

Description of included studies

The review includes nine studies: eight cross-sectional and
one prospective (Table 1). The review includes nine obser-
vational studies: eight cross-sectional and one prospective.
Published between 2009 and 2024, the studies involved a
total of 1,330 women, with sample sizes ranging from 44
to 292. Premenopausal participants had mean ages between
27.8 and 47.0 years, while postmenopausal women ranged
from 50.0 to 57.3 years.

Confirmation of menopausal status varied. Some studies
used serum estradiol levels, others relied on clinical criteria,
and a few did not report the method. Yakar et al. [5] and
Yakar et al. [7] grouped participants by menopausal status
before assessing periodontal health. Haas et al. [14] and
Agrawal et al. [15] included women with mixed periodontal
status across both groups. Haas et al. [14] also analyzed the
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effect of HRT on periodontal attachment loss (PAL). Other
studies focused only on women diagnosed with periodonti-
tis, such as Babiir et al. [3], Agrawal et al. [4], Thomas [6]
and Zhang et al. [8]. Scardina and Messina [16] studied only
healthy women to assess gingival microcirculation.

Most studies excluded women with systemic diseases
and smokers, but reporting was inconsistent. Yakar et al.
[7] and Haas et al. [14], for example, included smokers in
both groups and presented comparative data. Periodontal
parameters varied across studies. Investigators assessed
PPD, CAL, BOP, PI, GI, GR, and periodontal diagnosis or
staging. Some studies also measured salivary or crevicular
biomarkers, including TNF-a, IL-6, IL-7, IL-10 and OPG,
or evaluated gingival microvascular density [3-5, 16].

Several studies found worse periodontal conditions in
postmenopausal women. Agrawal et al. [15] reported signif-
icantly higher mean PPD and CAL (p=0.01), and Yakar et
al. [7] found a higher prevalence of stage 3—4 periodontitis
in the postmenopausal group (21%) compared to premeno-
pausal (11%) (»p=0.039). In contrast, Babiir et al. [3] and
Zhang et al. [8] found no significant differences when com-
paring women with periodontitis. Cytokine findings also
varied. Agrawal et al. [4] and Yakar et al. [5] detected higher
levels of TNF-a, IL-10, and IL-7 in premenopausal women,
despite similar clinical status. Haas et al. [14] showed that
postmenopausal women without HRT had worse PAL and
more periodontitis compared to premenopausal women.

Quality of evidence assessment

The initial inter-rater agreement was moderate (k=0.55),
with discrepancies in two studies [8, 15]. These were
resolved through discussion and adjudication by a third
reviewer (AS-S), and consensus was reached for all stud-
ies. In Fig. 2, most included studies exhibited a critical or
moderate risk of bias within the confounding domain (D1),
with six studies failing to adequately adjust for age or other
key confounders [4, 68, 15, 16]. In contrast, the exposure
classification (D2) and participant selection (D3) domains
predominantly demonstrated low risk of bias. Regarding
outcome measurement (D6), three studies showed moder-
ate risk due to lack of examiner calibration or ambiguous
outcome definitions [6, 7, 15]. For selective reporting (D7),
a moderate risk of bias was identified in studies featuring
multiple comparisons or insufficient transparency in ana-
lytical methods [5, 6, 8]. Only one study was assessed as
having an overall low risk of bias [14].

According to the GRADE assessment (Table 2), the cer-
tainty of the evidence ranged from low to moderate. The
outcome severity of periodontitis was rated as low due to
risk of bias, inconsistency, and imprecision. In contrast,
overall periodontal health status showed moderate certainty,
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Fig. 2 Risk of bias across included
studies using the ROBINS-I tool.

Risk of bias domains

' Di | D2 | D3 | D4 | D5 | D6 | D7 |Overall

Risk of bias assessment for the

nine observational studies included Yakar et al. 2025

in the review, evaluated across
seven ROBINS-I domains. Most
studies showed moderate to critical

Yakar et al. 2024

risk, particularly due to confound-

Agrawal et al. 2021

ing and lack of adjustment for key
variables. One study was rated as
low risk overall

Agrawal et al. 2018

Thomas 2014

Study

Scardina and Messina 2012

Babur et al. 2012

Zhang et al. 2010

Haas et al. 2009

supported by more consistent findings and adequate sample
sizes.

Discussion

This systematic review is the first to synthesize current evi-
dence on the clinical impact of menopause on periodontal
health through a directly comparing postmenopausal and
premenopausal women. By focusing on clinical parameters
and disease progression, the findings reveal a tendency
toward greater periodontal attachment loss, deeper probing
depths, and a higher prevalence of advanced periodontitis
in postmenopausal women. While these results are derived
from observational studies, they suggest a potential role of
hormonal changes in modulating periodontal disease pro-
gression. However, the certainty of this evidence, as assessed
by the GRADE approach, remains moderate to low.
Declining estrogen levels during menopause have been
associated with negative effects on periodontal health
through multiple mechanisms [17]. Studies demonstrate
increased bone metabolism due to estrogen deficiency [18].
Among the clinical periodontal parameters analyzed in
this systematic review, CAL and PPD appeared to be the
most consistently affected by menopausal status. Several
studies included reported significantly higher mean values
of CAL and PPD in postmenopausal women compared to
premenopausal counterparts. While other parameters such
PI, GI, and BOP showed variable results across studies, the
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consistent elevation in CAL and PPD highlights the clinical
relevance of hormonal changes in periodontal status.

In addition to clinical findings, inflammatory biomarkers
and tissue-level changes have been investigated as potential
mediators of periodontal deterioration in postmenopausal
women. Agrawal et al. [4] reported significantly higher
salivary levels of TNF-a in postmenopausal women, a cyto-
kine strongly associated with increased probing depth and
clinical attachment loss. These findings support the hypoth-
esis that estrogen deficiency enhances local inflammatory
responses, amplifying periodontal breakdown [18].

Estrogen deficiency has been shown to exacerbate gingi-
val inflammation and compromise epithelial barrier function
in response to Porphyromonas gingivalis [19]. Experimental
models indicate that 173-estradiol attenuates the expression
of pro-inflammatory cytokines, including IL-1f3 and IL-6,
restores tight junction protein integrity, and mitigates alveo-
lar bone loss following bacterial challenge. These findings
underscore the mechanistic link between hormonal decline
and periodontal tissue degradation in postmenopausal
women [19]. In contrast, Babiir et al. [3] found no signifi-
cant differences in OPG levels in GCF, suggesting that bone
remodeling via the RANKL/OPG may be more influenced
by local disease severity than by menopausal status alone.
Notably, Yakar et al. [5] observed that cytokine differences
lost statistical significance after adjustment for age, pointing
to inflammaging as a relevant systemic modifier. Together,
these findings suggest that while menopause contributes
to an enhanced pro-inflammatory and tissue-degenerative
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dilute the true effect of menopause on periodontal outcomes,
potentially underestimating the association and contributing
to the inconsistent results observed across studies.

A major challenge in synthesizing the evidence was the
considerable heterogeneity in the assessment and reporting
of periodontal outcomes. As shown in Table 1, the included
studies used disparate methods to define periodontal dis-
ease. For instance, Yakar et al. [7] utilized the 2017 World
Workshop classification to define Stage 3—4 periodontitis,
whereas Agrawal et al. [15] and others relied on continu-
ous variables such as mean PPD and CAL. Still others, like
Thomas [6], used broad, non-standardized categories like
chronic periodontitis. This lack of a uniform case definition
is a well-documented challenge in periodontal research that
severely limits the ability to compare disease prevalence
and severity across populations. Consequently, this meth-
odological inconsistency prevented a quantitative synthesis
of the data via meta-analysis and contributed significantly
to the low-to-moderate certainty of the evidence presented
in this review.

A critical methodological flaw across the body of evi-
dence is the inconsistent and largely inadequate handling
of the duration since menopause. The physiological con-
sequences of estrogen deficiency, particularly on bone
metabolism, are not static but cumulative over time; bone
loss, for instance, is known to accelerate in the first few
years following menopause before stabilizing at a slower
rate [2]. Six of the nine included studies failed to report or
adjust for this key variable. While there were exceptions,
Zhang et al. [8] statistically adjusted for years since meno-
pause and Agrawal et al. [4] controlled for it by limiting
their sample to women within five years of menopause. This
inconsistent approach prevents a clear analysis of a poten-
tial dose-response relationship, where time acts as the dose
of estrogen deprivation, an oversight that obscures the true
magnitude of the long-term impact of hormonal changes on
periodontal health and represents a significant gap in the
current literature.

Considering the biological plausibility and the clinical
trends identified, menopause should be regarded as a rel-
evant systemic modifier in the context of periodontal care
[26]. The heightened severity of clinical attachment loss
and probing depth observed in postmenopausal women war-
rants closer clinical monitoring and individualized preven-
tion strategies. Periodontal risk assessment protocols should
incorporate menopausal status alongside other established
risk factors such as diabetes, smoking, and inflammatory
dietary patterns. In this context, tailored approaches may
help to mitigate disease progression and preserve periodon-
tal stability. Integration between dental and medical teams
is essential to address hormonal and metabolic influences in
a comprehensive and patient-centered manner.

@ Springer

Hormonal shifts during menopause may critically influ-
ence the progression of periodontal disease [27, 28]. How-
ever, establishing causality remains challenging due to
the predominance of observational designs and variability
across studies. Specifically, the cross-sectional nature of
eight of the nine included studies prevents the establishment
of a clear temporal relationship between the onset of meno-
pause and the progression of periodontal disease. Without
this temporal sequence, demonstrating that the menopause
occurred before worsened periodontal parameters, it is
impossible to infer a cause-and-effect relationship. There-
fore, the findings must be interpreted as associations rather
than direct causal evidence, highlighting a critical area for
future longitudinal research. While previous reviews have
addressed this association [29-31], none have incorporated
recent data using the GRADE and ROBINS-I frameworks,
nor explicitly excluded hormone therapy as a confounder.
In this context, the methodological approach of the present
review offers added value. By excluding hormone therapy
and stratifying outcomes by disease status, this review pro-
vides a more focused assessment of the direct impact of
menopause on periodontal health. The application of ROB-
INS-I and the GRADE framework [13], both rarely used in
this area, enabled a transparent evaluation of bias and evi-
dence of certainty, reinforcing the relevance of menopause
as a potential systemic modifier.

To overcome the limitations of the current literature,
future research must adopt a more rigorous and standard-
ized approach. Instead of merely calling for high-quality
prospective studies, we prescribe a clear methodological
framework. Firstly, longitudinal cohort studies are essen-
tial to establish a temporal relationship between menopause
and periodontal disease progression, allowing for causal
inference. Secondly, menopausal status must be defined
using standardized, objective criteria, such as the Stages
of Reproductive Aging Workshop+10 (STRAW+10)
guidelines, which incorporate both menstrual history and
endocrine markers, thereby minimizing misclassification
bias [32]. Thirdly, periodontal outcomes must be assessed
using full-mouth examinations and defined according to
the globally accepted 2017 World Workshop classifica-
tion, with mandatory reporting of examiner calibration to
ensure data reliability and facilitate future meta-analyses
[33]. Finally, studies must rigorously control for all key
confounders, including, critically, the duration since
menopause. Moreover, incorporating the analysis of local
biomarkers from gingival crevicular fluid or saliva could
further elucidate the underlying biological mechanisms
[34]. Adopting this comprehensive framework is essential
for generating high-certainty evidence to inform clinical
practice and improve the periodontal health of postmeno-
pausal women.
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Conclusion

Menopause appears to negatively impact periodontal health,
with postmenopausal women showing greater clinical
attachment loss, deeper probing depths, and increased signs
of inflammation. While current evidence points toward this
association, the overall certainty remains moderate to low
due to methodological limitations and variability across
studies. Well-designed longitudinal studies are needed to
confirm these findings and to support the development of
personalized periodontal care strategies for postmenopausal
women.
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