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Abstract

Aim: The aim of the study was to evaluate the prevalence of periodontitis in dentate
people between 2011 and 2020.

Materials and Methods: PUBMED, Web of Science, and LILACS were searched up to
and including December 2021. Epidemiological studies reporting the prevalence of
periodontitis conducted between 2011 and 2020 were eligible for inclusion in this
review. Studies were grouped according to the case definition of confidence as confi-
dent (Centers for Disease Control [CDC] AAP 2012; CDC/AAP 2007; and Armitage
1999) and non-confident (community periodontal index of 3 or 4, periodontal pocket
depth >4 mm, and clinical attachment level =1 mm). Random effects meta-analyses
with double arcsine transformation were conducted. Sensitivity subgroup and meta-
regression analyses explored the effect of confounding variables on the overall
estimates.

Results: A total 55 studies were included. The results showed a significant difference,
with confident case definitions (61.6%) reporting nearly twice the prevalence as non-
confident classifications (38.5%). Estimates using confident periodontal case defini-
tions showed a pooled prevalence of periodontitis of 61.6%, comprising 17 different
countries. Estimates reporting using the CDC/AAP 2012 case definition presented
the highest estimate (68.1%) and the CDC/AAP 2007 presented the lowest (48.8%).
Age was a relevant confounding variable, as older participants (265 years) had the
highest pooled estimate (79.3%).

Conclusion: Between 2011 and 2020, periodontitis in dentate adults was estimated
to be around 62% and severe periodontitis 23.6%. These results show an unusually
high prevalence of periodontitis compared to the previous estimates from 1990
to 2010.
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Clinical Relevance

tal health strategies.

1 | INTRODUCTION

Periodontitis is a public health problem whose high prevalence
contributes to the global burden of chronic non-communicable dis-
eases (Petersen, 2009; Tonetti et al., 2017; Caton et al., 2018; Tonetti
et al., 2018). According to the Global Burden of Disease (GBD), peri-
odontitis was ranked as one of the most prevalent conditions of
humankind between 1990 to 2010 (Marcenes et al., 2013; Kassebaum
et al., 2014), and a recent update until 2019 confirmed that this preva-
lence is still substantial and worrisome (Wu et al., 2022).

Periodontitis had a significant socio-economic impact in the
United States and Europe in 2018 of around $154 billion and €159
billion, respectively (Botelho et al., 2022). Also, its impact on patients'
quality of life and systemic health has been extensively verified over
the last decades (Buset et al., 2016; Botelho et al., 2020, 2022).

The prevalence of periodontitis has been reported using different
and highly heterogeneous approaches. On one hand, prevalence data
provided by the GBD resort to arithmetic extrapolations based on
miscellaneous periodontal classifications (Schwendicke et al., 2018;
GBD 2017 Oral Disorders Collaborators et al., 2020; Botelho
et al., 2022; Wei et al., 2021; Wu et al., 2022), whose reliability is
under debate due to the variety of case definitions (Marcenes
et al., 2013; Kassebaum et al.,, 2017; GBD 2017 Oral Disorders
Collaborators et al., 2020). On the other hand, methodological hetero-
geneity hampers a traceable comparison over time (Frencken
et al., 2017). Thus, it is imperative to carry out continuous studies of
estimates, such as summary measures of population health
(e.g., disability-adjusted life years), or through meta-analysis.

Considering the challenges with current measurement methodologies
for periodontitis, measurable specific estimates based on epidemiological
studies are warranted to advance global public health (Kassebaum
et al, 2017). Therefore, this systematic review aims to comprehensively
estimate the prevalence of periodontitis reported in studies between 2011
and 2020 sourced from epidemiological data. Our secondary objectives are
(i) to evaluate the prevalence geographically, (ii) to compare estimates from
confident and non-confident case definitions, and (jii) to explore other con-
founding variables. The following focused PECO question was addressed:
“What is the pooled prevalence estimate of periodontitis in epidemiological
studies carried out between 2011 and 2020?” (Population: among dentate
adults assessed in an epidemiological survey; Exposure: periodontitis; Com-

parison: periodontal status assessed; Outcome: prevalence).

almost two-fold prevalence.

periodontology. . TANA 1B ' M

Scientific rationale for study: To comprehensively estimate the prevalence of periodontitis
reported in studies between 2011 and 2020 sourced from epidemiological data.
Principal findings: During this period, periodontitis was collectively estimated to be around 63%

and severe periodontitis 24.2%. Pooled estimates from confident case definitions presented

Practical implications: These results highlight the need for strengthening the surveillance of peri-

odontitis and informing global health stakeholders to devise and better manage public periodon-

2 | METHODS

This systematic review protocol was previously set by all the authors and
was registered in the National Institute for Health Research PROSPERO,
the International Prospective Register of Systematic Reviews (http://
www.crd.york.ac.uk/PROSPERO, ID Number: CRD42021231357). The
review design followed the Cochrane Handbook of Systematic Reviews
of Interventions (Higgins et al., 2019) and was reported according to the
updated Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (M. J. Page et al, 2021). The PRISMA
checklist is provided as Supplementary File 1.

21 | Type of studies, type of intervention, and
inclusion criteria

The eligibility criteria were as follows: observational epidemiological
studies (cross-sectional and cohort studies) reporting the prevalence
of periodontitis in adults (18 years old or older) between 2011 and
2020. Cross-sectional and cohort studies (data were gathered from
baseline reports) represent epidemiological studies in nature and pro-
vided prevalence traits important for the aims of this systematic
review. Case-control studies were not considered because of the the
associated inconvenience in sampling cases and controls (Belbasis &
Bellou, 2018). In line with this, intervention studies (both randomized
and non-randomized) were considered only if they had a baseline
inclusion of participants with an epidemiological approach.

In contrast, studies reporting the prevalence of periodontitis of a
specific population (e.g., pregnant women, people with a particular
underlying disease, etc.), studies based on self-reported case defini-
tions of periodontitis, and pre-clinical studies were excluded.

In cases where additional clarifications were required, the corre-
sponding author of the included study was contacted via e-mail, and,

in case of no response, again 1 week later.

2.2 | Primary and secondary outcomes
The primary outcome of this systematic review was the prevalence of
periodontitis reported in epidemiological studies, either national or

regional. We further explored the distribution of periodontitis per
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continent, based on the case definition, according to established age

intervals, as well as the severity of periodontitis.

2.3 | Information sources search
The search strategy sought to identify all studies reporting the preva-
lence of periodontitis conducted between January 2011 and December
2020. We defined this year interval, based on the recent estimates by
Kassebaum et al. (2017) for the period between 1990 and 2010.

Detailed search strategies were used, without language restrictions,
on the following electronic databases: PubMed, Web of Science, and
LILACS (Latin-American Scientific Literature in Health Sciences). The
search algorithm, developed using keywords and the Medical Subject
Headings (MeSHs), was as follows: “(periodont* OR ‘chronic periodonti-
tis” OR (periodontal diseases [MeSH]) OR ‘attachment loss’ OR pocket*)
AND (prevalence [MeSH] OR epidemiology [MeSH])”.

For the remaining databases, the search was adapted accordingly.

24 | Study selection

Two researchers (D.T. and R.C.) independently selected the relevant
articles by screening the titles and abstracts, excluding the non-relevant
studies. Any paper classified as potentially eligible by either reviewer
was appraised by a full-text reading and the reasons for exclusion were
fully detailed. Any disagreement was resolved through discussion with a

third reviewer (J.B.) and a decision arrived at by consensus.

2.5 | Data extraction process and data items

The studies that fulfilled the inclusion criteria were organized into evi-
dence tables describing the characteristics and results of each study,
including the following: study identification (i.e., first author's name
and publication year), time period of the study, continent, country of
origin of the research, country coordinates, funding information, inclu-
sion and exclusion criteria, periodontal case definition, characteristics
and number of participants, and outcome measures. We later added
the methodological risk of bias of the study (detailed in Section 2.6).
All disagreements were resolved through discussion with a third
reviewer (J.B.). Because of the known impact of case definitions in
prevalence estimates (Holtfreter et al., 2015), we categorized case
definitions following the strategy used by Mufoz Aguilera et al.

(2020) as confident and non-confident, as explained below.

2.5.1 | Confident case definition of periodontitis

The following case definitions were considered as confident:

e Interdental clinical attachment loss (CAL) in 22 non-adjacent teeth,

or buccal or oral CAL >3 mm with periodontal pocket depth (PPD)

>3 mm detectable at >2 teeth (American Academy of Periodontol-
ogy [AAP]/European Federation of Periodontology [EFP]; Tonetti
et al., 2018);

e Two or more inter-proximal sites with CAL 23 mm and two or
more inter-proximal sites with PPD >4 mm (not on the same tooth)
or one site with PPD 25 mm (Centers for Diseases Control [CDC]/
AAP, 2012; Eke et al., 2012);

o At least two sites on different teeth with clinical attachment level
(CAL) 6 mm and at least one site with PPD 4 mm (CDC/AAP 2007;
R. C. Page & Eke, 2007);

e Generalized chronic periodontitis (at least 30% sites with CAL
24 mm; CDC 1999; Armitage, 1999).

2.5.2 | Non-confident case definition of
periodontitis

The following reported criteria were considered as a non-confident
case definition: the (WHQ) CPI score 3/4 in at least one quadrant; at
least one site with PPD >4 mm; CAL =1 mm.

2.6 | Risk-of-bias assessment

The methodological quality of the included studies was carried out by
two independent reviewers (D.T. and R.C.) using the “Assessing risk of
bias in population-based prevalence studies” tool (Hoy et al., 2012).
Any disagreement was resolved through discussion with a third
reviewer (J.B.).

The tool consists of 10 items addressing external validity (items
1-4, accounting for the selection and non-response bias domains) and
internal validity (items 5-10, accounting for the measurement bias
and bias related to the analysis domains). Each item was rated as hav-
ing either “yes” (low) or “no” (high) risk of bias. Items with insufficient
information to properly meet the requirements were classified as “no”
(i.e., high risk of bias; Hoy et al., 2012). Following Hoy et al., the over-
all risk of bias of each study was decided on the basis of agreement
between all authors. Therefore, each article's overall risk of bias was
evaluated as “High” (i.e., if only 0-3 items were responded with yes,
having an important impact on our confidence in the estimate, and will
likely change the estimate), “Moderate” (if 4-8 items were responded
with yes), and “Low” (if 9 or more items were responded with yes,
indicating that further research is very unlikely to change our confi-

dence in the estimate).

2.7 | Statistical analysis

Extracted data were organized into evidence tables. Because of the
existence of multiple categories of prevalence for periodontitis in the
literature, and the possible imbalance in weight of the studies affect-
ing the meta-analysis, we implemented a double arcsine transforma-

tion meta-analysis (Barendregt et al., 2013). Considering the
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[ Identification of studies via databases and registers ]
)
5 Records identified from:
® Databases (n = 5156) Records removed before the screening:
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= - Web of Science (n = 3023) > Duplicate records removed (n = 324)
c . Lilacs (n = 790) Records removed for other reasons (n = 28)
)
I
(N
Records screened Records excluded by title and abstract
Sm—
(n =5404) (n=4968)
o
.g Reports excluded (n = 379):
z Reports assessed for eligibility —_— - Convenience sample (n = 170)
- (n = 436) * Year interval not of interest (n = 111)
‘3 + Unclear case definition (n = 28)
- Unclear year interval (n = 17)
- Review (n=10)
- Unsuitable case definition (n = 11)
+ Unclear number of participants in each age group (n = 2)
- Data extrapolation from previously collected data (n = 23)
- Lack prevalence data (n= 1)
+ Only periodontal patients included (n= 1)
+ Thesis (n=1)
v - Pediatric population (n = 2)
() + Unrelated (n=1)
§ 57 papers inclded in review * Unclear method of obtaining the final sample (n = 1)
3 (n = 55 studies)
g
-/
FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 flow diagram for new systematic reviews that

included searches of databases and registers only. Consider, if feasible to do so, reporting the number of records identified from each database or
register searched (rather than the total number across all databases/registers). If automation tools were used, indicate how many records were
excluded by a human and how many were excluded by automation tools. Source: M. J. Page et al. (2021). For more information, visit: http://

www.prisma-statement.org/.

geographical variation and difference in populations, we could not
assume the existence of a true effect size; so we employed a random-
effects model (Schwarzer et al, 2015), as previously described
(Schwarzer, 2007). All random-effects meta-analysis and forest plots
were performed in R version 3.4.1 using the meta package
(Schwarzer, 2007). The results are presented as percentage preva-
lence (p x 100%) and 95% confidence intervals (Cl). Heterogeneity
was explored through the I? index and Cochrane's Q statistic (p < .1)
and x? test for the overall homogeneity (Higgins et al., 2019). Substan-
tial heterogeneity was defined as I?> > 50%. All tests were two-tailed,
with a set at .05.

We conducted a series of a priori sensitivity analyses
(i.e., subgroup analyses) to examine the effect of the case definition of
confidence (confident vs. non-confident) and risk of bias (low
vs. moderate-to-high) to the overall estimates. Meta-regression was

used to explore adjusting effects, particularly confounding variables,

on the prevalence estimates, particularly female/male ratio, latitude,

longitude, and study sample size.

3 | RESULTS

3.1 | Study selection

The electronic searches retrieved a total of 5756 records (1943 from
PubMed, 3023 from Web of Science, and 790 from LILACS; Figure 1).
After removal of duplicates, 4968 articles were excluded based on
title/abstract assessment, and 28 articles were unable to be accessed.
Out of the articles remaining, 379 were excluded in the full-text
appraisal, due to not meeting the inclusion criteria (with the respective
reason detailed in Supplementary File 2). Finally, a total of 57 articles
(Moya et al, 2012; Figueiredo et al, 2013; Araya Vallespir
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et al, 2014; Jaafar et al., 2014; Juarez et al., 2014; Thanakun
et al.,, 2014; Bhat et al., 2015; Eke et al., 2015; Giacaman et al., 2016;
Khan et al., 2016; Holde et al., 2017; Ramirez et al., 2017; Shyagali
et al, 2017; Silva-Junior et al., 2017; Zaitsu et al., 2017;
Balaji et al., 2018; Bhat et al., 2018; Eke et al., 2018; He et al., 2018;
Iwasaki et al., 2018; Ortiz et al., 2018; Pinto-Filho et al., 2018; Shariff
et al., 2018; Skoskiewicz-Malinowska et al., 2018; Wahlin et al., 2018;
Botelho et al., 2019; Dhaifullah et al., 2019; Helmi et al., 2019; Lasta
et al, 2019; J. B. Lee et al, 2019; K. Lee & Kim, 2019;
Shimizu et al., 2019; Zhao et al., 2019; Bongo et al., 2020; Diaz-
Reissner et al., 2020; Ha et al., 2020; Nakamura et al., 2020; Romero-
Castro et al., 2020; Schmidt et al., 2020; Sekiguchi et al., 2020; Singh
et al, 2020; Sun et al, 2020; Bilgin Cetin et al., 2021; Clauss
et al, 2021; Costa et al, 2021; Germen et al, 2021;
Ghassib et al., 2021; Goel et al., 2021; Gomes-Filho et al., 2021;
Han & Kim, 2021; Iwasaki et al., 2021; Jiao et al., 2021; Kocher
et al, 2021; Oliveira et al, 2021; Sakurai et al, 2021; Song
et al,, 2021; Stadle et al., 2021; Su et al., 2021) were included in the
qualitative and quantitative analyses of the present systematic review.
Two studies had their data reported in more than one article, so these
papers were grouped under a single name (Bhat et al., 2015; Eke
et al., 2015; Bhat et al., 2018; Eke et al., 2018). Therefore, 55 articles
were finally included. Inter-examiner reliability at full-text screening
was considered excellent (k [kappa] score = 0.86, 95% Cl: 0.83-0.89).

One study did not report data for the overall prevalence of peri-
odontitis, but it reported data for the subgroup analysis information
of moderate to severe periodontitis (Ha et al., 2020). To complete
information on the year range of interest, we used the official report
where this information was detailed (Australian Research Centre for
Population Oral Health, 2019).

3.2 | Study characteristics

Studies from 25 different countries across Asia, America, Europe,
Australia, and Africa were included (Table 1). Most studies (n = 30,
54.5%) reported periodontal outcomes using a non-confident case defi-
nition, either the community periodontal index (CPI) score 3/4 in at
least one quadrant, at least one site with PPD >4 mm, or CAL 21 mm.
Within the confident periodontal definitions, the CDC/AAP 2012 was
the most employed, being reported in 15 studies (27.2%); the remaining
reported periodontitis based on confident case definitions.

3.3 | Risk of bias

Forty-four studies were considered of moderate risk of bias, while
only 11 were of low risk of bias (Supplementary File 3). Overall, stud-
ies failed to report prevalence data that represented closely the
national population regarding relevant variables (81.8%, n = 45) and
to use an acceptable case definition of periodontitis (45.5%, n = 25).
Non-response bias was minimal (78.2%, n = 43), while 61.7% (n = 50)
used some form of random selection and 67.3% (n = 37) studies had

the prevalence period as the parameter of interest. The remaining
items had predominantly low risk of bias (over 90% of the studies).
Inter-examiner reliability at risk of bias assessment was considered
excellent (k score = 0.82, 95% Cl: 0.79-0.84).

3.4 | Pooled estimates

Between 2011 and 2020, a total of 88,917 adults were included in
the overall pool of analyses, with 44,614 adults reported to have
periodontitis. We started by comparing non-confident with confi-
dent case definitions of periodontitis. Overall, the results con-
firmed a significant difference (p <.00001), with confident case
definitions (61.6%, 95% Cl: 55.1-67.9, p <.000001, I? = 99.1%)
reporting nearly twice the prevalence than non-confident classifi-
cations (38.5%, 95% Cl: 30.4-46.9, 1> = 99.7%). For this reason,
and following the instruction of GRADE, we focused on the esti-
mates using confident periodontal case definitions (Schiinemann
et al., 2008).

Furthermore, we explored the impact of partial-mouth protocols
and non-reported protocols in the overall estimates. Sensitivity ana-
lyses showed that studies using a full-mouth protocol reported nearly
twice the prevalence (45.7%, 95% Cl: 38.0-53.6, p < .000001,
> =99.4%, number of studies = 32) as partial-mouth protocols
(55.1%, 95% Cl: 44.3-65.6, p < .000001, I?> = 99.7%, number of stud-
ies = 19) or non-reported protocols (40.9%, 95% Cl: 8.9-78.2,
p < .000001, 2 = 99.8%, number of studies = 3). The comparison for

subgroup differences was not significant (p = .3528).

3.4.1 | Total prevalence

The overall prevalence of periodontitis was estimated at 61.6% (95%
Cl: 55.1-67.9, p <.000001, I? = 99.1%), comprising 17 different
countries. This estimate was confirmed to be affected by the method-
ological quality (p = .0497), comparing studies of low risk of bias
(54.1%, 95% Cl: 47.4-60.6, p < .000001, I? = 98.9%) and studies with
moderate risk of bias (64.7%, 95% Cl: 56.3-72.6, p < .000001,
I? = 99.0%). There was substantial heterogeneity.

The latitude (estimate = 0.000, SE = 0.002, p = .805), longitude
(estimate = 0.000, SE = 0.001, p =.774), and sample size (esti-
mate = 0.000, SE = 0.000, p = .9410) were confirmed to have no
influence on the final estimates through meta-regression. In addition,
no publication bias was detected (Egger test = 0.61, SE = 3.63,
p = .8671).

Considering the case definition, there were significant differences
between all four reported classifications (p = .0101; Table 2). Esti-
mates using CDC/AAP 2012 case definition presented the highest
estimate (68.1%), while those using the CDC/AAP 2007 presented
the lowest (48.8%).

We further analysed whether the age interval of participants in
the included studies would influence the results. Overall, the test for

subgroup differences could not confirm a difference between the age
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TABLE 2 Periodontitis prevalence according to the type of confident case definition
n ES 95% ClI T T2 12 (%) p-value Egger test [SE] (p-value)
Overall 24 61.6 55.1-67.9 0.16 0.03 99.1 <.000001 0.61[3.63] (.867)
Risk of bias
Low 7 54.1 47.4-60.6 0.09 0.01 98.9 <.000001 =
Moderate 17 64.7 56.3-72.6 0.18 0.03 99.0 <.000001 —3.76 [5.58] (.511)
Case definition
EFP/AAP 2018 6 523 38.2-66.2 0.18 0.03 99.4 <.000001 -
CDC/AAP 2012 12 68.1 59.7-76.0 0.15 0.02 99.2 <.000001 12.35 [5.20] (.039)
CDC/AAP 2007 3 48.8 38.2-66.2 0.10 0.01 95.0 <.000001 -
AAP 1999 3 66.7 61.3-71.8 0.04 0.00 50.5 <.000001 -
Age interval
Wider age interval (218/219) 11 57.1 45.9-67.9 0.19 0.04 99.4 <.000001 —9.31[7.73] (:259)
230 years old 61.4 55.4-67.2 0.08 0.01 99.3 <.000001 =
<65 years old 59.4 34.5-81.9 0.18 0.03 98.7 <.000001 =
265 years old 3 79.3 64.2-91.2 0.15 0.02 97.5 <.000001 =
Continent
Asia 10 62.4 55.0-69.5 0.15 0.01 97.6 <.000001 —0.91[3.16] (.780)
Europe 65.5 48.7-80.5 0.19 0.04 99.5 <.000001 -
North America 4 62.6 48.3-75.9 0.15 0.02 99.2 <.000001 -
South America 54.9 33.4-75.5 0.06 0.25 99.4 <.000001 -

Note: Effect size (ES) with 95% confidence interval (Cl), tau (7), tau squared (72) and I-squared (), p-value and Egger test are presented.

intervals defined in the studies (p =.0101). Yet, studies reporting
prevalence data of elderly participants (265 years or older) presented
the highest estimates with an average a 79.3% overall percentage
(95% Cl: 64.2-91.2, p < .000001, 1> = 97.5%).

3.4.2 | Prevalence per continent

Considering the geographic location, the pooled estimate from the
European continent was the highest (65.5%), while the South Ameri-
can continent had the lowest (54.9%; Table 2). Yet, all continents
reported significant pooled estimates exceeding 50%.

3.4.3 | Severity

Concerning severity (Table 3), the pooled measures pointed to an
estimated moderate to severe periodontitis prevalence of 53.2%
(95% Cl: 44.3-61.9, p <.000001, 12 = 99.2%). Although having
substantial heterogeneity, this estimate was relatively stable and
not influenced by the female/male ratio (—0.220, p = .2952), lati-
tude (0.001, p = .3641), longitude (0.000, p = .8570), or sample
size (—0.000, p = .8172). The estimated prevalence of severe peri-
odontitis was 23.6% (95% Cl: 17.6-30.1, p < .000001, I2 = 99.4%).
Similarly, we observed high heterogeneity, and this estimate was
significantly influenced by the male/female ratio (-0.401,
p = .0334) but not by the remaining variables (sample size, lati-
tude, and longitude).

3.5 | Additional analysis

When inspecting the existence of publication bias, funnel asymmetry
was found in studies reporting periodontitis using the CDC/AAP
2012 (estimate = 12.35, SE = 5.204, p = .039; Table 2). For the
remaining estimates, no publication bias was observed.

4 | DISCUSSION

41 | Summary of main results

The results of this systematic review confirm that periodontitis con-
tinues to be an alarming world public health problem, with nearly 62%
pooled prevalence in dentate adults as seen from studies performed
between 2011 and 2020. Pooled prevalence for moderate to severe
cases was 53.2% while for severe periodontitis it was 23.6%.

Pooled estimates from confident case definitions presented almost
double the prevalence. The CDC/AAP 2012 classification was the most
used diagnostic criterion and gave the highest prevalence estimate (68.1%),
while the EFP/AAP 2018 case definition gave a pooled estimate of 52.3%.

4.2 | Evidence quality and potential bias in the
review process

This study's strengths and limitations are based primarily on the meth-

odological quality of the included studies per se, while the study was
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TABLE 3 Periodontitis prevalence according to the form of periodontitis
Periodontitis n ES 95% ClI T T2 12 (%) p-value Egger test [SE] (p-value)
Moderate to severe versus mild to no 20 53.2 44.3-61.9 0.20 0.04 99.2 <.000001 2.38 [4.32] (.589)
Severe versus non-severe 20 23.6 17.6-30.1 0.17 0.03 99.4 <.000001 1.29 [5.00] (.799)

Note: Effect size (ES) with 95% confidence interval (Cl), tau (T), tau squared (72) and I-squared (1), p-value, and Egger test are presented.

prepared and reported according to state-of-the-art guidelines and
comprehensively analysed the possible confounding variables that
could affect the results. Indeed, prevalence was strictly affected by
periodontal case definitions with regard to their confidence. As for
the remaining variables, they did not influence the final estimates.
Defining the confidence of a case definition always implies an uncer-
tain degree of selection bias, yet this decision was based on a previous
study by Murfioz-Aguilera (2020), which found a significant weight on
the results. Similarly, studies with confident case definitions reported
almost twice the prevalence as those using non-confident classifica-
tions according to the present results.

Still on the periodontal case definitions, our meta-analytical esti-
mates differ from those of previous studies using the GBD approach
(Marcenes et al., 2013; Kassebaum et al., 2014; Chen et al., 2021; Wu
et al., 2022) and aligns with a recent meta-analysis on the global prev-
alence of aggressive periodontitis (Bouziane et al., 2020). On one
hand, GBD estimates are based on complex and strong iterative
approaches and thus provide worldwide approximations (IHME, 2018)
yet using less reliable diagnostic criteria (such as the CPI of treatment
needs). On the other hand, our approach provides more reliable esti-
mations based on full-mouth examinations and diagnostic consensus;
nevertheless, the existence of several confident case definitions con-
fuses the comparison among studies. Consequently, arriving at a con-
sensus to strengthen the surveillance of periodontitis will certainly
benefit periodontal research and future meta-epidemiological studies.
Defining mandatory periodontal clinical measures (such as PPD, CAL,
PISA, or PESA) and thresholds and providing results based on at least
two diagnostic criteria (CDC/AAP 2012 and EFP/AAP 2018) are sug-
gestions that may contribute to the robustness of periodontal preva-
lence reporting. Yet, narrowing the results according to the
confidence of case definition may have certainly resulted in less geo-
graphic coverage and was contingent upon available epidemiological
studies. Only 25 countries (17 of which were using confident diagnos-
tic criteria) were accounted in the final analyses, without representa-
tion from Africa and Oceania.

One possible explanation for the obtained differences in results
between the 2007 definition and its updated version of 2012 may be
due to the fact the original version was designed to capture only mod-
erate and severe periodontitis while in the 2012 update the mild case
was introduced. The incorporation of a mild stage may have reduced
the number of periodontally healthy cases, thereby leading to a poten-
tial increase in the number of periodontitis cases, a factor that could
partially explain these noticeable differences.

Finally, several studies were lacking in information on male/

female prevalence ratio, clear age intervals, distribution according to

smoking habits, socio-economic data, and distribution of periodontitis
according to its severity. Thus, our examination on additional sources
of heterogeneity and interpretation of the results was restricted and
could be expanded in the future if studies provide such information.
Moreover, the inclusion of edentulous participants may have an
impact on the prevalence reported, but due to missing data, we were

not able to measure its magnitude.

4.3 | Agreements and disagreements with other
reviews or studies

There is overall agreement that the prevalence and incidence of peri-
odontitis have been increasing, possibly due to population growth and
ageing (Marcenes et al., 2013; Kassebaum et al, 2017; Peres
et al, 2019; Watt et al, 2019; GBD 2017 Oral Disorders
Collaborators et al., 2020; Wu et al., 2022). These results align with
this consensus and highlight the need for better periodontal care pro-
grammes mainly focusing the poor and socially disadvantaged popula-
tions that are disproportionally affected. As such, these estimates can
flag worrisome levels that will contribute to the World Health Organi-
zation Resolution on Oral Health within the road map for neglected
tropical diseases for 2021-2030 (WHO, 2021).

In Wu et al. (2022), GBD data allowed the assessment of all
regions and countries, which was not possible with our estimates. In
the latter, periodontitis was mostly prevalent in 55-59-year-olds,
with substantial prevalence from 55 years onwards. Similarly, our
age subgroup meta-analysis showed individuals of 65 years or older
to have the highest prevalence when compared with younger age
groups. Regarding severe periodontitis, our results report a substan-
tial prevalence of severe periodontitis (24%). Compared to the
11.2% of severe periodontitis reported globally by Kassebaum et al.
(2014), our estimate is definitely higher. However, the methodolo-
gies used in the two estimates differ, as in Kassebaum et al. the
results relied on probing depth, which leads to an underestimation
of periodontitis in adults. Despite this estimation discrepancy, our
estimates point to a worrisome forecast of severe periodontitis
among dentate adults.

The findings from this study can inform global health stakeholders
about the prevalence of periodontitis from epidemiological studies to
preempt and better manage public periodontal health strategies.
However, because of the limited number of countries represented in
the final sample, the generalizability of these estimates is limited.
Therefore, we emphasize the need for continued epidemiological sur-

veillance, from both national and regional settings, using appropriate
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diagnostic strategies, to better convey accurate estimates and to allow

meta-analytical global outputs.

5 | CONCLUSION

Within the limits of this systematic review, it can be concluded that,
over the last decade (from 2011 to 2020), the estimated pooled prev-
alence of periodontitis is nearly 60%, with its severe stage affecting
approximately 24% of the studied population. These results show an
alarmingly high prevalence compared to estimates from 1990
to 2010.

Based on this data, the worldwide periodontitis estimates of this
study are crucial to establish priorities for research, development,
public health policy, and funding to governments and domestic and

international non-governmental organizations.
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