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Abstract
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ARTICLE INFO Periodontitis (PD) remains a global public health problem. Evidence revealed that
PD contributes to the development of systemic diseases, including effects on men's
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Google Scholar was conducted. A comprehensive literature search until February
2024 by combining several keywords and applying eligibility criteria was performed.
JBI critical appraisal checklist was employed for quality assessment. Results: A total
of 15 studies involving 216,753 subjects aged between 18 and 85 years old were
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Keywords: included. The included articles consisted of 9 cross-sectional studies, 5 case-control
Erectile Dysfunction studies, and 1 RCT. Of the 15 studies, 13 of them statistically demonstrated a
Periodontal Disease significant association between PD and ED, and the other two did not; however, they
Periodontitis showed that there is a significant relationship between the severity of PD and the
Sexual Dysfunction severity of ED. Six studies reported odds ratios (OR) ranging from 1.60 to 3.35. Most

of the PD diagnostic methods used are objective, and only one study used color
Doppler ultrasound to diagnose ED. Summary: According to the findings, a
significant association between PD and ED is evident. Additionally, dentists and
general practitioners must be aware of the interconnection between these diseases,
enabling them to provide comprehensive education to patients, particularly
concerning the prevention and management of periodontal disease.
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1. Introduction

Periodontal disease encompasses pathological
condition affecting the periodontium, the tooth-
supporting tissue, including the gingiva, alveolar
bone, cementum, and periodontal ligament.
Meanwhile, periodontitis (PD) is an inflammatory
condition that most commonly affects the
periodontium, in which damage to the periodontal
ligament and alveolar bone tissue follows, and
manifests as gum inflammation, pain, halitosis, and
loose teeth.? This disease is multifactorial, but
bacterial biofilms on the tooth surface are the main
cause of PD.?

As per the World Health Organization, severe
periodontal disease is prevalent among 19% of
adults  population globally.* In addition,
epidemiological study reported that in the USA as
many as 42.2% of the population was affected by
PD and 7.8% experienced severe PD,° and as many
as 74.1% of the population in Indonesia have PD.°

Since becoming a global public health problem,
understanding of the etiopathogenesis of PD has
undergone major developments, including the
mechanisms and interactions between PD and
systemic diseases,’ including diabetes,®
cardiovascular disease,’ renal disease,'® metabolic
syndrome,'* rheumatoid arthritis,*> cancer,
respiratory disease,'* pregnancy complication,®°
and sexual problem.'” This is caused by an increase
in systemic acute phase protein levels, coagulation
factors, plasma antibody levels, neutrophils, C-
reactive protein (CRP), and various cytokines.'®'°

Erectile dysfunction (ED) is considered to be
positively correlated with PD, which is possibly
caused by an inflammatory response during
periodontitis characterized by an increase in
proinflammatory mediators, including CRP,
metalloproteinases (MMP), interleukins, and
tumor necrosis factor (TNF)-o.” ED is delineated as
a condition of male sexual dysfunction marked by
the incapability of the penis to attain or sustain an
erection deemed satisfactory for fulfilling sexual
activity, which is caused by vascular, neurological,
psychological, and/or hormonal factors, and is
associated  with  several other  systemic
conditions.??2  An  epidemiological  study
conducted in eight countries stated that ED affects
37.2% to 48.6% of men in Brazil, Italy, China,
Spain, Germany, France, England and the USA.?
Meanwhile, a cohort study of 17,250 prostate
cancer patients highlighted that the occurrence of
ED increased from 10% to 79% across the age
range spanning from 40 to 80 years, which
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increased sharply if there were comorbidities such
as diabetes, obesity and hypertension.?* Also,
globally, the prevalence of ED is estimated to be in
the range of 3-76.5%.%°
Various studies have suggested various risk
factors that correlate with the development of ED,
including age, obesity, diabetes, cigarette and
alcohol  consumption, anxiety, depression,
insomnia, hypertension, peripheral vascular
disorders, stroke, coronary heart disease,
myocardial  infarction, hypercholesterolemia,
adiponectin, and low physical activity.?¢=°
Interestingly, apart from these risk factors,
evidence suggests that oral health has an influence
on sexual health, such as ED, sperm motility, and
the timing of fertilization.** Furthermore and more
specifically, other studies indicated a direct link
between poor periodontal tissue condition and the
onset of ED in men.3223
Several studies have been undertaken to
explore the direct relationship and influence of PD
on the incidence of sexual dysfunction, in this
context ED. Globally, the prevalence of both
diseases is still quite high, thus studies regarding
intervention and prevention continue to be carried
out. Since several reports revealed that PD is
closely related to systemic diseases, including ED,
related research continues to be carried out to
prevent the worsening of PD which has a systemic
impact on health, one of which is believed to be a
risk factor for the development of ED. Therefore,
the objective of this study is to systematically and
comprehensively  synthesize,  review and
summarize previous studies pertaining to the
association between PD and ED.

2. Method
Research Question

Using PRISMA guidelines, a systematic review
of previously published studies was conducted. In
the present study, the PICO framework was utilized
to address the research questions. The main question
in this study was "Do men (P) with periodontitis (1)
compared to healthy men without periodontitis (C)
have a higher risk of experiencing erectile
dysfunction (O)?".

Literature Search Protocol

A systematic and comprehensive search of
articles  published in  Scopus, PubMed,
ScienceDirect, and Google Scholar until February
2024 was performed. In the literature search, the
terms periodontal disease, periodontitis, erectile
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dysfunction, sexual dysfunction, and impotence
were used and amalgamated through the utilization
of Boolean operators AND and OR.

Eligility Criteria

This study includes original articles that report
the association of PD with the incidence of ED. In
the study selection process, those were considered
for inclusion if they met the inclusion criteria
requirements, including clinical studies, involving
patients with PD and ED status examinations,
manuscripts in English or other languages as long
as an English translation version is available, and
full text or open access. Meanwhile, exclusion
criteria include experimental studies, review
articles, letters to editors, commentaries, and
editorials. All studies published up to February
2024 were considered for selection and review in
this study, and no restrictions on publication year
were applied.

Quality Assessment

All studies were quality assessed to determine
the risk of bias. In this systematic review, we used
the JBI critical appraisal checklist. Two
independent authors (FMR and AWA) conducted
the evaluation of study quality and the synthesis of
study findings. Every dispute and difference of
opinion was resolved through in-depth discussion
and careful decision making.

Data Extraction

After selecting studies using specified criteria and
passing a quality assessment, data extraction and
synthesis were then conducted using tables to
summarize important information regarding
several aspects, including the author(s) and country
of the study, design, participants and their ages,
diagnostic methods of PD and ED, and conclusions
of the included studies. Finally, a qualitative
analysis regarding the association between PD and
the occurrence of ED was systematically described.

3. Result

| Identification of studies via databases and registers

Identification of studies via other methods

Records identified from:
Scopus (n = 63)
PubMed (n = 22)
ScienceDirect (n = 23)
Google Scholar (n = 136)

screening:

v

(n =47)

Identification

Records removed before

Duplicate records removed

Records identified from:
Citation searching (n = 1)

Records screened
(n=197)

h

; Reports excluded based on .
ReEGrB sought for retrieval »| imelevant fifle and abstract Re?orts sought for retrieval
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Reports assessed for eligibility Reports excluded: Reports assessed for eligibility
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(n=43) Full text unavailable (n = 4) (n=1)
Methodology (n = 16)
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Language (n=5)
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2 Studies included for review
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e
Figure 1. PRISMA flow chart.
Study Selection
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After removing duplicate entries, literature
searches yielded a total of 197 articles in the Scopus,
PubMed, ScienceDirect, and Google Scholar
databases using predetermined keyword
combinations. Of the 197 records, 154 studies were
eliminated due to irrelevance to this research,
remaining 43 reports. We then screened for
eligibility, resulting in 29 articles being excluded for
several reasons such as unavailability of the full
article, methodology that did not meet the inclusion
criteria, interventions in the form of flap surgery,
preclinical ~studies, and English language
manuscripts were not available. A search from other
sources was carried out, and 1 article was found

through a citation search. Finally, 15 articles
fulfilled the eligibility criteria and were selected in
this study for further in-depth review.

Characteristics of Included Studies

A total of 216,753 participants were included
from 15 included articles, consisting of 9 cross-
sectional studies, 5 case-control studies, and 1
randomized controlled trial study, with participant
counts ranging from 41 to 197,136 across the
included studies. Table 1 provides a
comprehensive summary of the characteristics of
all included studies.

Table 1. Characteristics and summary of included studies.

Author(s) . - PD Diagnostic ~ ED Diagnostic
and Design Participants Method Method Results
Country
Zadik etal.** Cross-sectional 305 men aged 39.5 Bitewing SHIM ED had a correlation
Israel + 6.7 years radiography of with PD.
posterior teeth
Sharma et Cross-sectional 70 men aged 35.3 £+ Probing depth, SHIM, color PD was positively
al.®® 3.64 years PAL Doppler associated with ED,
India ultrasound  for but not statistically
penis significant.
Keller et Case-control 197,136 men, [ICD-9-CM ICD-9-CM A significant
al.*® divided into 32,856 Dental IIEF association between
Taiwan men with ED and examination, PD patients and ED
164,280 controls, sulcus probing, exists. The
average age 49.3 and radiograph relationship was
years stronger in the <30-
year-old and >69-
year-old populations.
Eltasetal.’’ RCT 120 men aged 30-40 PI, BOP, IIEF Periodontal treatment
Turkey years probing depth, contributes positively
CAL to the improvement of
ED.
Oguz etal.®® Cross-sectional 162 men, divided PI, BOP, IIEF PD was significantly
Turkey into 80 men with probing depth, associated with ED in
ED and 82 men CAL patients aged 30-40
without ED, aged years.
30-40 years
Matsumoto  Cross-sectional 88 men aged 50.9 + Self-check sheet  IIEF-5 ED was associated
et al.*® 16.6 years with PD as a result of
Japan endothelial
dysfunction and PD-
related changes in the
systemic
inflammatory
response.
Tsaoetal.®  Case-control 15,315 men, divided 1CD-9-CM ICD-9-CM ED patients were
China into 5,105 men with more likely to be
ED and 10,210 diagnosed with PD,
controls, aged 48.3 and this association
+12.5 years was stronger in the
population aged <30
years.
Uppal et Cross-sectional 53 men aged 25-40 PPD, bitewing SHIM PD was positively
al.* years radiography of associated with ED.
India posterior teeth
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Author(s) . » PD Diagnostic ~ ED Diagnostic
and Design Participants Metgod Metﬁod Results
Country
Chou et al.*?  Cross-sectional 1,932 men aged Dental IEF-5 Statistically, patients
Taiwan 21.65 + 2.609 years examination with PD are more
likely to experience
ED.
Martin et Case-control 158 men, divided PPD, CAL,BOP IIEF There was a positive
al.*® into 80 men with relationship ~ where
Spain ED and 78 controls, ED patients
aged 18-70 years experience worse
periodontal
conditions.
Alenzi** Cross-sectional 983 men aged 39.1 Dental SHIM ED and PD were
Saudi +12.2 years examination significantly related.
Arabia
Huang et Case-control 202 men, divided CPITN index IEF There was a positive
al.® into 100 men with association where the
China ED and 102 control more  severe the
men, aged 32.6 + patient has PD, the
5.7 years higher the incidence
of ED.
Kamaludin ~ Cross-sectional 74 men aged 30-70 BPE score IEF-5 ED often occurs in
et al.*o (52.4 + 10.9) years those who have PD
Malaysia and have never had
dental scaling.
Mohd Sood Cross-sectional 41 men aged 27-59 PIl, BOP, PPD, IIEF-5 PD and ED were
et al.*’ (40.7 £ 11.39) years CAL positively related as
Malaysia evidenced by patients
with ED having poor
periodontal
conditions as
indicated by the CAL
and BOP indices.
Dioufetal.®® Case-control 114 men, divided PI, BOP, CAL, IIEF-5 PD was not associated
Senegal into 38 men with PD, furcation with ED, but PD
ED and 76 controls, involvement severity was
aged 18-80 years significantly
associated with ED
severity.

Abbreviation: BOP, bleeding on probing;
BPE, basic periodontal examination; CAL, clinical
attachment loss; CPITN, Community Periodontal

Index of Treatment Needs; [ICD-9-CM,
International Classification of Disease, Ninth
Revision, Clinical Modification; lIEF,

International Index of Erectile Function; PAL,
periodontal attachment level; PI, plaque index;
PPD, probing pocket depth; SHIM, Sexual Health
Inventory for Men.

4. Discussion

According to the findings of the review in the
encompassed studies, controversy regarding the
relationship between PD and ED still persists. Of
the 15 studies included, 13 studies revealed a
significant relationship, as evidenced by the results

of studies by Zadik et al. (p=0.004 in mild ED and
p=0.007 in severe ED),* Keller et al. (p<0.001;
OR=3.35, 95% ClI=3.25-3.45),*® Eltas et al.
(p<0.05),*" Ogus et al. (p<0.01; OR=3.29, 95%
Cl=1.36-9.55),® Matsumoto et al. (p=0.0415),*
Tsao et al. (p<0.001; OR=1.79, 95% CIl=1.64-
1.96),%° Uppal et al. (p=0.000),* Chou et al.
(p<0.001; OR=1.6, 95% Cl=1.280-2.009),*
Martin et al. (p=0.03; OR=2.17, 95% CI=1.06-
4.43),% Alenzi et al. (p<0.001),* Huang et al.
(p=0.003; OR=2.755, 95% CI=1.400-5.423),%
Kamaludin et al. (p<0.001),%° and Mohd Sood et al.
(p=0.031).*” Meanwhile, two others concluded that
there was no significant relationship, namely
research by Sharma et al. (p=0.128)* and Diouf et
al. (p=0.411; OR=1.52, 95% CI=0.55-4.16).8 As
far as this systematic review study was conducted,
only fifteen articles were relevant and included.
46
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This shows that studies regarding the relationship
between PD and sexual health, in this context ED,
are still limited.

As previously mentioned, two studies®*“®
reported an insignificant relationship between PD
and ED. However, interestingly, Sharma et al.
observed a progressive elevation in both the mean
probing depth and periodontal attachment level
(PAL) in tandem with the severity of ED.
Furthermore, although the study by Diouf et al.
showed no significant relationship; however, they
demonstrated that maximum clinical attachment
loss (CAL) exhibited a significant correlation with
ED (p=0.045), and the severity of maximum CAL
was also notably linked to the severity of ED
(p=0.037).

The use of the definition of PD to diagnose PD
in participants was different. In determining the
diagnosis of PD, fourteen studies performed a
clinical examination through visual examination
and radiography with a variety of different
diagnostic methods. There was one study that used
a periodontal disease self-check sheet,*® allowing
for a high bias in determining the diagnosis of PD
because it asked patients to examine and determine
the condition of their own periodontal health. In
two studies that diagnosed PD using dental
bitewing radiography,**** PD was defined by
measuring alveolar-bone loss, identified as a
minimum of one site on the jaw with a distance >6
mm between cemento-enamel junction (CEJ) and
alveolar bone crest. Meanwhile, two of the 15
studies, in diagnosing PD, used the International
Classification of Disease, Ninth Revision, Clinical
Modification  (ICD-9-CM) classification.*¢4°
Additionally, no studies considered patients with
gingivitis for inclusion in the study, where
gingivitis is considered an inflammatory condition
that initiates PD.* Differences in concepts in
classification and diagnostic methods used are
believed to influence the differences in results from
these studies, especially in one study which used a
self-check sheet to determine periodontal
conditions, increasing the possibility of patients
with PD being in the control patient group, and vice
versa. Therefore, forthcoming investigations may
contemplate adopting the new 2017 consensus
classification for the diagnosis of PD, stated in the
study.>°

Differences in methods for diagnosing ED
also exist. The IIEF and SHIM questionnaires were
used to identify patients with ED in twelve
studies.®+372941-48 Two studies***° used the ICD-9-
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CM classification in determining the diagnosis of
ED. Only one study® used the color Doppler
ultrasound method as an addition to the SHIM
questionnaire in determining ED in subjects.

Regarding methods for diagnosing ED, the
conclusion of a study states that the IIEF/SHIM
questionnaire cannot be used as a standard for
diagnosing the severity of ED.>* Although ED is
generally measured using this questionnaire, filling
out the questionnaire by patients themselves
increases bias in the final results because it is based
on the patient's subjective perception. In addition,
in some countries, such as countries on the Asian
continent, many people still consider sexual topics
to be sensitive and taboo,*> which may influence
some patients in filling out the questionnaire.
Meanwhile, the use of color Doppler ultrasound is
more common and more objective in measuring
ED in patients,°®> which was only applied in
research conducted by Sharma et al..*® In addition,
specific examinations other than color Doppler
ultrasound use hormonal and biochemical levels.>*
Interestingly, of all the studies encompassed within
this systematic review, one case-control study*
measured testosterone, CRP, total cholesterol,
triglycerides, HDL, glucose, and HbA1c levels in
subjects.

Referring to the cause, several mechanisms
related to the progression of ED include
psychological factors, neurological processes,
hormonal imbalances, and vascular conditions.
Endothelial dysfunction itself represents an initial
phase of vascular impairment.>> A factor that
explains endothelial dysfunction is due to
disruption of the nitric oxide (NO) mechanism.
Studies conducted in rats by Zuo et al.*® explained
that systemic inflammation resulting from PD
causes a decrease in eNOS expression and NOS
activity in penile cavernous tissue. This is in
accordance with the statement of Gratzke et al.*’
where endothelial dysfunction, which has
previously been referred to as early stage vascular
damage, occurs due to a decrease in NO
bioavailability caused by a decrease in eNOS
expression or activity, or an increase in NO
removal. This, when endothelial dysfunction
occurs in the penis, causes ED.

Although remain unclear, PD and ED are
believed to have a positive correlation, since both
diseases predispose to endothelial dysfunction.®® It
appears that inflammation contributes to the
etiopathogenesis of atherogenesis which in turn
causes ED.*® Furthermore, the mechanism
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underlying PD in increasing the incidence of ED is
thought to be associated with a substantial increase
in CRP and interleukin (IL)-6 levels.®® A meta-
analysis study also reported that ED patients had
significantly higher CRP levels.®* It was proven in
one case-control study that included examination
of CRP levels, reporting that in case patients, CRP
levels exhibited a significant elevation compared to
those observed in control patients (p=0.02).%
Therefore, inflammation from PD is believed to
contribute to ED, with elevated CRP levels
reported in one of the studies incorporated in this
study.

One of the 15 included studies conducted an
intervention in the form of periodontal treatment in
patients with ED, concluding that periodontal
treatment had a significant effect on improving
ED.®” Several other studies also support these
findings,®%¢2%  with  periodontal  treatment
significantly reducing total oral bacteria and
improving inflammatory biomarkers, including
reduced levels of CRP and IL-6, possibly resulting
in improved endothelial dysfunction. Based on
these findings, we believe that periodontal
treatment contributes to the improvement of ED
through reducing inflammatory mediators caused
by PD and improving endothelial dysfunction,
confirmed by one study that reported improvement
of ED after patients received periodontal treatment.

A review study has a high chance of bias;
therefore, this systematic review acknowledges
publication bias as a limitation. In addition, there is
a diversity of results from the included studies, a
small number of related studies which cannot
represent the global population, differences in
concepts and methods in diagnosing PD, and the
use of self-assessment checklists in most studies
which causes controversy and high subjectivity, are
all limitations in this study. Nonetheless, our study
provides a perspective for future research,
considering the limitations of the study,
particularly in regard to conducting meta-analysis
study to ascertain the association between PD and
ED, further research regarding periodontal
treatment interventions to change the condition of
ED, as well as similar studies with larger samples
and rigorous methods, especially the use of
standardized and objective diagnostic methods.

5. Summary

According to the findings, a significant
association between PD and ED is evident. It is
believed that the inflammatory processes

associated with PD contributes to the emergence
of ED, yet the exact underlying mechanism
remains unclear. The scarcity of research and the
complexity of the association between PD and ED
suggest that future rigorous studies should be
conducted. Additionally, dentists and general
practitioners must be aware of the interconnection
between these diseases, enabling them to provide
comprehensive education to patients, particularly
concerning the prevention and management of
periodontal disease.
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