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Abstract

Background Periodontal diseases are prevalent oral conditions, particularly burdensome in developing countries.
This study examines global and BRICS countries’changing trends in periodontal diseases incidence from 1992 to 2021,
focusing on associations with age, period, and cohort effects.

Materials and methods A cross-sectional burden of disease study was conducted. Data on the total population and
periodontal diseases cases, all-age incidence rate, age-standardized incidence rate, and relative change in periodontal
diseases incidence from 1992 to 2021 within BRICS were obtained from the Global Burden of Disease study (GBD)
2021. Furthermore, the Age-Period-Cohort (APC) model with an intrinsic estimator (IE) algorithm was employed to
assess the effects of net drift, local drift, age, period, and cohort on the incidence rates of periodontal diseases over
specific time periods.

Results Globally, the new cases of periodontal diseases in 2021 were reported at 8961 thousand (95% uncertainty
intervals: 7907, 10101), reflecting a 71.21% increase compared to 1992.1n 2021, the age-standardized incidence rate
of periodontal diseases across the BRICS countries ranged from 600.50 (95% uncertainty intervals: 481.27, 763.54) per
100,000 population in South Africa to 1268.96 (95% uncertainty intervals: 1119.16, 1409.94) per 100,000 population
in India. The age distribution of periodontal diseases cases was relatively stable globally and among BRICS countries
from 1992 to 2021. Countries exhibited similar age-effect patterns, with increasing risk with increasing age, and
varying period and cohort effects, indicative of differential control measures and temporal incidence trends.

Conclusions Brazil, India, and China experienced an increasing trend in the age-standardized incidence rates of
periodontal diseases from 1992 to 2021, in contrast to the declining trends observed in the Russian Federation and
South Africa. Furthermore, the APC analysis indicates the intricate dynamics of age, period, and cohort influences

on periodontal diseases incidence. Distinct national trajectories, shaped by varying socioeconomic, cultural, and
historical frameworks, highlight that public health initiatives must be meticulously customized to mitigate and control
the periodontal diseases burden across diverse settings.
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Background

Periodontal diseases, is a chronic inflammatory condition
that affects the tissues surrounding and supporting the
teeth. It encompasses gingivitis, characterized by inflam-
mation and bleeding gums, and periodontitis, which
involves the accumulation of dental plaque, bacterial
dysbiosis, tissue destruction, and ultimately tooth loss
[1, 2, 3]. The prevalence of periodontitis reaches a stag-
gering 62%, with over 23.6% of individuals experiencing
severe forms, significantly contributing to the global bur-
den of chronic non-communicable diseases [4]. Accord-
ing to estimations, the global burden of periodontitis in
2019, including the costs of direct treatment and pro-
ductivity losses associated with tooth loss, amounted to
$186 billion and $142 billion, respectively [5]. Moreover,
periodontal diseases is closely associated with various
systemic disorders, including diabetes [6], cardiovascu-
lar disease [7], Alzheimer’s disease, and colorectal cancer
[8]. Therefore, gaining a comprehensive understanding of
the incidence of periodontal diseases is crucial in formu-
lating preventive policies to enhance both oral and over-
all systemic health.

The BRICS countries, comprising Brazil, the Russian
Federation, India, China, and South Africa, represent-
ing nearly half of the global population, are all classified
as developing countries and have made rapid progress in
economic advancement. As a powerful political and eco-
nomic alliance, the BRICS countries play a significant role
in global affairs [9]. However, alongside their achieve-
ments, the BRICS countries face a common challenge in
the form of the rapid increase in periodontal diseases.
This condition is recognized as one of the foremost oral
health issues contributing to the global burden of chronic
diseases, with a particularly high prevalence in develop-
ing countries [10]. Moreover, the BRICS countries share
similar healthcare development history, challenges, and
healthcare aspirations [11]. Therefore, conducting in-
depth research within the BRICS countries can provide
valuable insights into the incidence of periodontal dis-
eases in these member countries and other developing
countries. This research can serve as a beneficial refer-
ence for promoting relevant study findings in similar
countries.

The previous studies leveraging the Global Burden of
Disease (GBD) 2019 framework have documented the
high burden of periodontal diseases, revealing signifi-
cant regional heterogeneity that underscores the dispari-
ties in healthcare access and service provision among
countries, particularly in developing regions [12, 13, 14].
Although a foundation for understanding the burden
of periodontal diseases was provided, these descriptive

epidemiological studies often fall short in disentangling
the intricate period and cohort-specific trends of the
disease, limiting the ability to accurately elucidate the
significant impacts of specific factors on disease burden
and to comprehensively grasp the disease’s temporal evo-
lution. The Age-Period-Cohort (APC) model presents a
valuable approach to fill this gap, offering a robust ana-
lytical framework that can disentangle the complex inter-
actions among age, time, and cohort effects in relation to
periodontal diseases incidence [15]. Moreover, the recent
updates to the GBD 2021 database provide an excel-
lent opportunity to investigate the trends and regional
variations of periodontal diseases in BRICS countries,
facilitating a nuanced understanding of how epidemio-
logical dynamics evolve over time. Data extracted from
GBD 2021 can serve as critical evidence for develop-
ing targeted health policies and interventions aimed at
improving health outcomes associated with periodontal
diseases.

This study utilized the latest GBD 2021 database to
comprehensively evaluate the incidence trend of peri-
odontal diseases from 1992 to 2021. Employing the APC
model, it conducted a detailed analysis of the effects of
age, period, and cohort on the incidence rate of peri-
odontal diseases, with a specific focus on the burdened
region of the BRICS countries. The research seeks to
inform health strategies and highlight the importance of
addressing periodontal diseases within the broader con-
text of oral health in developing countries. The insights
gained from this study will be essential for policymak-
ers, healthcare providers, and researchers dedicated to
enhancing the health and well-being in these influential
nations.

Materials and methods

Data sources

A cross-sectional analysis of periodontal diseases bur-
den was conducted in this study, and the retrospective
data can be available through the Global Health Data
Exchange GBD Results Tool (https://ghdx.healthdata
.org/gbd-2021). The GBD 2021 conducted a compre-
hensive analysis of disease and injury burden, utilizing
100,983 data sources to estimate years lived with disabil-
ity (YLDs), years of life lost (YLLs), disability-adjusted
life years (DALYs), and healthy life expectancy (HALE)
for 371 diseases and injuries. It considered the impact of
the COVID-19 pandemic on disease burden trends. Data
were derived from multiple sources, including vital reg-
istration systems, verbal autopsy, population censuses,
household surveys, disease registries, health service utili-
zation data, and others [1]. Compared to GBD 2019, GBD
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2021 incorporated more data sources (100,983), intro-
duced new analysis indicators, considered the impact of
COVID-19, and utilized diverse data sources, resulting
in a more comprehensive and accurate understanding of
global disease burden [1, 16]. The inherent characteristics
of the GBD database have been thoroughly considered
concerning model selection, parameter estimation, and
data input quality. By replicating the sample 1000 times,
the 95% uncertainty intervals (Uls) were successfully
obtained. The upper and lower bounds of these intervals
are determined by the 2.5th and 97.5th percentiles of the
uncertainty distribution [1].

In the GBD 2021, periodontal diseases were defined
as Community Index of Periodontal Treatment Needs
(CPITN) Class IV, attachment loss (AL)>6 mm, or gin-
gival pocket depth (PD)>5 mm [1]. It classified based on
the International Classification of Diseases, 9th edition
(ICD-9 codes: 523.0-523.9), and 10th edition (ICD-10
codes: K05.0 -K05.6) [1]. We gathered the incidence num-
bers, all-age incidence rate, age-standardized incidence
rate, and their calculated relative percentage changes in
periodontal diseases on a global scale and within BRICS
countries, spanning age groups from 15 to 94 years and
the time period from 1992 to 2021. The age groups under
15 and over 95 years old were excluded from this study
due to the absence or rarity of periodontal diseases in
those age ranges. Moreover, the age distribution of peri-
odontal diseases burden, categorizing cases into five age
strata (15-39, 40-59, 60-79, and 80—94 years), and the
proportion of cases in each stratum were examined and
calculated. As this study analyzed pre-aggregated, mod-
eled estimates from the GBD 2021 database, no addi-
tional inclusion/exclusion criteria were applied. The GBD
collaborators applies standardized data inclusion pro-
tocols, detailed in their methodology reports, to ensure
cross-country comparability and validity [1, 17, 18].

Statistical analysis

Age-Period-Cohort analysis

In this study, we employed the APC model, incorporat-
ing age, period, and cohort as independent variables. The
dependent variable was the incidence of the observed
event or phenomenon in the population, assuming a
probability distribution. This model enabled us to ana-
lyze disease trends beyond traditional epidemiological
approaches [19]. Our findings contribute to a compre-
hensive understanding of periodontal diseases patterns
and identify influential factors. We utilized the inci-
dence estimates of periodontal diseases from the GBD
2021 database, along with population data for global
and BRICS, as inputs for the APC model. The research
results under the APC model reveal key indicators such
as net drift, local drift, longitudinal age curve, period
relative risk, and cohort relative risk. Net drift unveils a
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logarithmic linear trend between different time periods
and cohorts within the overall population, capturing the
general temporal pattern in the data. On the other hand,
local drift elaborates on the logarithmic linear trend
between different time periods and cohorts within spe-
cific age groups, providing a more detailed insight into
how these trends manifest across different demographic
groups. The longitudinal age curve plays a pivotal role in
depicting the expected age-specific incidence rates, con-
sidering period effects and comprehensively showcasing
the impact of age on the incidence rate of periodontal dis-
eases. Furthermore, period relative risk quantifies the rel-
ative risk of the population across different time periods
while adjusting for age and cohort effects. This metric is
crucial for understanding the temporal changes in popu-
lation risk, independent of age and cohort effects. Cohort
relative risk offers insights into the relative risks within
different cohorts, adjusting for age and period effects.
By separating cohort-specific risks from the effects of
age and period, this metric helps reveal potential differ-
ences in the risk profiles of different birth cohorts regard-
ing investigated health outcomes. The APC model was
analyzed using the intrinsic estimator (IE) method. For
detailed methodological information, please refer to the
previous literature [20].

Data arrangement

In APC model, the requirement for equal intervals
between age and period was enforced. Consequently, we
partitioned the population aged 15-94 into 16 age groups
(15-19, 20-24,..., 90-94) with a consistent age interval of
5 years. Additionally, the period data from 1992 to 2021
were partitioned into consecutive 5-year intervals (1992—
1996, 1997-2001,...,, 2017-2021). Given that the birth
cohort is determined by the subject’s age and the event’s
date, i.e., cohort=period - age [21], the corresponding
birth cohorts range from 1898 to 1906 (median 1902) to
1998-2006 (median 2002).

Results
Globally and in BRICS countries trends in periodontal
diseases incidence, 1992-2021
Table 1 presents the population, total number of inci-
dences, all-age incidence rates, age-standardized inci-
dence rate, and the net drift of incidence rates. In 2021,
the new cases of periodontal diseases were 8961 thousand
(95% UL: 7907, 10101), representing a 71.21% increase
compared to 1992. The global age-standardized incidence
rate for periodontal diseases increased by 1.28% from
1055.90 (95% UTI: 850.05, 1215.66) per 100,000 population
in 1992 to 1069.44 (95% UL 942.71, 1204.58) per 100,000
population in the year 2021 (Table 1).

All BRICS countries exhibited varying degrees of
increase in the number of new cases from 1992 to
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2021, ranged from 4.74% in the Russian Federation to a
remarkable 113.97% in Brazil. In 2021, India exhibited
the highest age-standardized incidence rate of periodon-
tal diseases, with 1268.96 (95% UI: 1119.16, 1409.94)
per 100,000 population. Conversely, South Africa dem-
onstrated the lowest age-standardized incidence rate,
with 600.50(95% UL 481.27, 763.54) per 100,000 popu-
lation. Between 1992 and 2021, an upward trend in age-
standardized incidence rate attributable to periodontal
diseases was observed in Brazil, India, and China,
whereas the Russian Federation and South Africa dis-
played declining trends. According to the APC model
estimation, the annual net drift in periodontal diseases
incidence varied among the BRICS countries, ranging
from -0.92% (95% confidential interval [22]: -0.97, -0.86)
in South Africa to 0.39% (95% CI: 0.13, 0.65) in China
(Table 1).

Time trends in periodontal diseases incidence rate across
different age groups

According to Fig. 1A, we examined the annual percentage
changes in periodontal diseases incidence rates across
different age groups. Globally, the majority of age groups
exhibited local drift values close to 0, indicating no sig-
nificant changes in periodontal diseases incidence rates
within these age groups. These consistent trends were
independently observed and verified in Brazil, India, and
Russian Federation. In China, there was an increase in
periodontal diseases incidence rates among the younger
age group (15-54 years), while the rates remained rela-
tively unchanged among middle-aged and elderly indi-
viduals. Encouragingly, in South Africa, nearly all age
groups, except for the 80-94 age group, experienced a
decline in periodontal diseases incidence rates.

Figure 1B shows the long-term trend of the age dis-
tribution of periodontal diseases. Over the period from
1992 to 2021. Overall, the majority of global periodon-
tal diseases cases are recorded among individuals aged
15-59 years, and comparable distributions are observed
in Brazil, China, and India. However, nearly all cases of
periodontal diseases occur in middle-aged and elderly
populations (40-79 years) in Russian Federation and
South Africa. Concurrently, the age distribution of peri-
odontal diseases cases is relatively stable globally and in
BRICS countries from 1992 to 2021, but there was an
emerging transition of incidences from the young popu-
lation 15-39 years) to the middle-aged and old popula-
tion (40-79 years) in China.

Age, period, and cohort effects on periodontal diseases
incidence rate

Figure 2 presents the estimates of Age-Period-Cohort
effects derived from the APC model, including both
global data and data specific to the BRICS countries.
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Globally, the incidence rate of periodontal diseases expe-
riences a rapid increase in the age group of 15-39 years,
followed by a stable rise with advancing age. This pattern
is consistently observed in Brazil, China, Russian Federa-
tion, and South Africa. However, in India, the incidence
rate of periodontal diseases experiences a rapid increase
only in the age group of 15-29 years, followed by a stable
rise thereafter (Fig. 2A).

Figure 2B illustrates the period effects. Globally, over
the past three decades, the incidence risk has remained
relatively stable with little variation. India and Russian
Federation exhibit similar trends in this regard. South
Africa displayed a distinct pattern, with decreased period
risks prior to the reference period (2002—-2006), followed
by a subsequent increase. The incidence rate ratios of
periodontal diseases in Brazil are observed to exhibit a
fluctuating pattern, marked by an initial rise, subsequent
decline, and a renewed upward trend. Furthermore,
China follows a more complex nonlinear trajectory, dem-
onstrating three phases of decline interspersed with two
phases of increase over the study period.

Figure 2C shows that the cohort effects on past inci-
dence risk have remained relatively stable globally, in
Brazil, India, and the Russian Federation. However, in
China, there has been a gradual increase in incidence
risk after the reference cohort (1948-1956). In contrast,
South Africa has shown a gradual decline in incidence
risk after the reference cohort (Fig. 2C).

Discussion

This study highlights significant changes in the burden
of periodontal diseases from 1992 to 2021, with a par-
ticular focus on BRICS countries. The findings reveal a
varying degree of increase in periodontal diseases inci-
dence across BRICS nations. Notably, incidence rates
rise substantially with age and tend to stabilize after 40
years. Moreover, significant heterogeneity was observed
in period and cohort effects, underscoring considerable
epidemiological disparities among BRICS countries.
These findings emphasize the need to prioritize targeted
interventions within the BRICS framework to mitigate
the burden of periodontal diseases across different age,
period, and cohort effects.

From 1992 to 2021, the global cases of periodontal dis-
eases increased by 71.21%, likely driven by population
growth. Four out of five BRICS members exhibited an
increase in all-age incidence rate, whereas South Africa
showed a declining trend. After adjusting for age distri-
bution changes, the variation in age-standardized inci-
dence rate for periodontal diseases from 1992 to 2021
suggests that, beyond demographic shifts, other underly-
ing factors have also contributed to changes in the dis-
ease burden. The local drift of periodontal diseases in
most BRICS countries (Brazil, Russian Federation and
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Fig. 1 Local drifts of incidence rate and age distribution of incidences in global and BRICS, 1992-2021. (A) Local drifts of periodontal diseases incidence
rate (estimates from age-period-cohort models) for age groups (15-19 to 90-94 years), 1992-2021. The dots and shaded areas indicate the annual per-
centage change of incidence rate (% per year) and the corresponding 95% Cls. (B) Temporal change in the relative proportion of periodontal diseases
incidences across age groups, 1992-2021



Wang et al. BMC Oral Health (2025) 25:434

A
Global Brazil China
2500 S evrsasessal| 2500 pmeraaerita, 2500 oS S—)
1000{ 1000{ ¢ 10001
5001 ¢ 5001 / 500 v
0 300 3007 ¢ 3001 /
g 100 100 1001 /
c
@ 15 35 55 75 95 15 35 55 75 95 15 35 55 75 95
a Age Age Age
8
§‘ India Russian Federatior South africa
5 25001 et | 2500 reeereao. | 2500
= 10001 / 1000 10001 "
& . 500 5001 7 5001 ¥
300 3001 / 3001 /
100 100 100
15: 35 55 75 95 15 35 55 75 95 15 35 H5 75 95
" Age Age Age
Global Brazil China
13 3 1.3 1_3
e 1. 1
A 48
1.0} smmmanent R e s e 1 - -
0.9 0.9 0.9 B i\
0.8 : 08 08
o 1992 2002 2012 2022 1992 2002 2012 2022 1992 2002 2012 2022
' Period Period Period
(]
5 India Russian Federation South africa
13 ‘ 1.3 1.3H-4
12 12 120\
' \
1.0 ~~—-¢-~ 1.0f by 1.0 Nea—— -
09 09 09
0.8 ‘ 0.8 0.8
1992 2002 2012 2022 1992 2002 2012 2022 1992 2002 2012 2022
& Period Period Period
Global Brazil China
5.0 ‘ 5.0 5.0 ‘
2.0 2.0 2.0 >
1.0} st tseesseaste | 1 () “.aa--“—-—n4-p<:--q.z:.",f?‘.?x.-,, 1.0
05 0.5 05
1 3 1 5 1 3
o 1902 1952 2002 1902 1952 2002 1902 1952 2002
' Cohort Cohort Cohort
Q
5 India Russian Federation South africa
50 50 50
2.0 20 200
I e B T | B e L I | e
05 0.5 0.5 i
0.1 ‘ 0.1 i 0.1 ‘
1902 1952 2002 1902 1952 2002 1902 1952 2002
Cohort Cohort Cohort

Fig. 2 (See legend on next page.)

Page 7 of 11

Group
~+= Both
Female

~%= Male



Wang et al. BMC Oral Health (2025) 25:434

(See figure on previous page.)

Page 8 of 11

Fig. 2 Age, period and cohort effects on periodontal diseases incidence in global and BRICS. (A) Age effects are shown by the fitted longitudinal age
curves of incidence rate (per 100,000 person-years) adjusted for period deviations. (B) Period effects are shown by the relative risk of incidence rate (in-
cidence rate ratio) and computed as the ratio of age-specific rates from 1992-1996 to 2017-2021, with the referent cohort set at 2002-2006. (C) Cohort
effects are shown by the relative risk of incidence rate and computed as the ratio of age-specific rates from the 1902 cohort to the 2002 cohort, with the
referent cohort set at 1952. The dots and shaded areas denote incidence rates or rate ratios and their corresponding 95% Cls

India) was almost zero in all age groups. The observed
positive local drift values among young and middle-aged
individuals (15-54 years) in China highlight potential
health concerns. This phenomenon may be associated
with the high levels of occupational, familial, and social
stress experienced by this population, which may pro-
mote the onset and progression of periodontal diseases
[23]. Furthermore, Over the past three decades, the age
distribution of periodontal diseases cases has remained
relatively stable globally, as well as in Brazil, the Russian
Federation, India, and South Africa. Interestingly, the
cases of periodontal diseases in China were rapidly shift-
ing from affecting younger individuals to impacting the
elderly population, likely reflecting the aging population
and the increasing exposure of older individuals to risk
factors traditionally associated with younger populations
[24, 25, 26].

The incidence of periodontal diseases in the BRICS
countries shows significant variation. National policy-
makers can assess country - specific attributes related to
this issue to inform decision - making, while also con-
sidering their country’s position relative to others. How-
ever, the potential risk factors for periodontal diseases
often attract attention, highlighting the need for further
investigation into age, period, and cohort effects. Given
these considerations, this study focuses on using the APC
framework to analyze the incidence patterns of periodon-
tal diseases globally and in the BRICS countries. Our
results consistently show similar age effects globally and
within the BRICS countries, indicating that the risk of
periodontal diseases increases with age and stabilizes at
a high incidence after the age of 40. The cumulative effect
of bacterial plaque and tartar becomes more pronounced
with age, and the immune system weakens, making it
more difficult for the body to fight off infections, includ-
ing those in the periodontal tissues [24, 25].

India and the Russian Federation have consistently
exhibited similarly stable trends in terms of the period
and cohort effects of periodontal diseases, with both
countries showing a lack of significant improvement in
reducing disease risk despite various healthcare advance-
ments. In India, substantial efforts have been made
through the establishment of numerous dental schools
and the implementation of the National Oral Health
Program (NOHP), which aims to improve oral health
awareness and services [27]. Similarly, the Russian Fed-
eration has developed a three-tier dental professional
structure and initiated optimized dental care activities

to address the growing oral health needs [28]. However,
despite these advancements, both countries continue
to face significant challenges stemming from prevalent
unhealthy lifestyles and dietary habits that continue to
undermine efforts to reduce periodontal diseases risks.
Alcohol consumption and smoking rates, historically
higher among Russians, compound risk factors associ-
ated with periodontal pathologies [29, 30]. The use of tra-
ditional tobacco products, including betel quid, which is
prevalent in many regions of India, is significantly asso-
ciated with periodontal diseases and disproportionately
affects younger generations [31]. Moreover, urban cen-
ters see advanced dental infrastructure, but smaller cities
and rural areas remain critically underserved. For these
developing countries, it remains evident in their insuf-
ficient dental workforce-to-population ratios and ineq-
uities affecting oral preventative care programs [32, 33].
Ongoing developments in dental workforce policies and
improving the reach of oral health education are cru-
cial as part of the government’s strategy to address non-
communicable diseases. Future efforts should integrate
preventive dental healthcare into broader public health
endeavors, emphasizing the complex interplay between
healthcare infrastructure and socio-economic factors
affecting oral health.

Brazil has shown an interesting fluctuating trend in
periodontal diseases incidence rates, which could be
contextualized within the country’s unique socio-eco-
nomic conditions and evolving healthcare policies. The
implementation of the Brazilian Unified Health Sys-
tem has increased access to health services and preven-
tive measures, greatly enhancing oral health awareness,
but it may also lead to more cases of periodontitis being
diagnosed [34, 35, 36]. A high prevalence of edentu-
lism was reported in Brazil [37], indicating that as more
individuals maintain their teeth into older age, they
may inadvertently be exposed to long-term periodon-
tal health problems. Additionally, Brazil’s growing con-
sumption of processed, sugar-filled foods over the last
several decades, combined with suboptimal oral hygiene
among certain demographics, creates an environment
that fosters periodontal diseases [38]. Research has also
indicated that Brazil has high smoking rates, although
policies have recently initiated effective control measures
in some segments, which may yield measurable impacts
in future trends [39, 40, 41]. South Africa exhibits notable
fluctuations in periodontal diseases incidence risk that
reflect the historical and socio-political complexities in
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healthcare access. The significant decline in risk before
the reference period (2002-2006) can be attributed to
enhanced public health policies and campaigns advocat-
ing for oral hygiene, particularly in the democratization
period [42]. Changes in socio-economic factors, includ-
ing increased funding for healthcare services and health
education among various population segments, contrib-
uted positively during this phase [43, 44, 45]. However,
the subsequent increase in risk could indicate disparities
in accessing care; disparities that remain entrenched in
the country due to historical inequities in resource allo-
cation [45]. Cultural factors, such as dietary practices
involving sugar consumption, combined with socio-eco-
nomic stress, might be contributing factors to this ris-
ing incidence [46]. The declining cohort effect points to
a necessity for continual education and accessible dental
care, particularly focusing on the lower socioeconomic
groups that remain vulnerable. In addressing the multi-
factorial causes, cross-sector engagement remains essen-
tial for sustainable improvement in oral health [47].

In contrast to the long-term stability observed in Bra-
zil, China exhibits a distinct cohort effect, characterized
by a gradual increase in disease risk among successive
younger birth cohorts, highlights the significant influ-
ence of lifestyle and industrialization. Chinese dietary
patterns underwent drastic shifts over the last decades,
transitioning from traditional low-sugar consumption
to Westernized, sugar-rich foods, which elevate risks of
oral health issues [48, 49]. The trajectory of period effects
in China is notably more complex with nonlinear pat-
terns, reflecting the nation’s substantial social and eco-
nomic transformations. Undoubtedly, the rapid growth
of the Chinese economy has increased public awareness
of oral hygiene and health promotion [50]. Recently, the
Chinese Communist Party Central Committee and the
State Council of the People’s Republic of China issued
the “Healthy China 2030” plan, which aims to improve
the population’s health and includes specific goals for
oral health [51]. The General Office of the State Council
also released the “Medium-to-Long Term Plan of China
for the Prevention and Treatment of Chronic Diseases
(2017-2025)’; emphasizing the importance of reducing
salt, oil, and sugar intake, and focusing on oral health,
weight management, and bone health [52]. These ongo-
ing reforms in China’s healthcare system, aiming for uni-
versal health coverage, have improved overall healthcare
access, but challenges remain in integrating oral health
into these reforms comprehensively [53]. Consider-
ing the vast land and dense population of China, future
efforts should still focus on implementing extensive pub-
lic health campaigns and education programs, which are
crucial for raising public awareness of periodontal health
and effective prevention strategies.
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Compared to the most recent GBD 2019 reports [12,
13, 14], this study has analyzed the global and BRICS
countries’ periodontal diseases burden by integrating age,
period, and cohort effects. Our contribution lies in quan-
tifying the age distribution of incidence and its localized
drift from 1992 to 2021, while the application of the APC
model elucidates the complex interactions among specific
age groups, period, and cohort effects on the disease bur-
den, thereby enhancing our understanding of the epide-
miological patterns of periodontal diseases. Indeed, it is
crucial to acknowledge some limitations. First, the GBD
2021 dataset was sourced from diverse inputs, includ-
ing surveys, registries, and administrative records, with
significant variations observed in data quality and com-
pleteness. This heterogeneity introduces potential biases
and uncertainties into epidemiological estimates. Second,
the GBD framework relies heavily on modeled estimates
for regions with scarce empirical data. The assumptions
underpinning these models may lack universal applicabil-
ity, particularly given the influence of cultural, genetic,
and environmental factors on periodontal diseases bur-
den among BRICS. Nevertheless, the GBD 2021 remains
committed to addressing potential biases in modeling
data: (1) a systematic review of the literature was con-
ducted for GBD 2021 which resulted in the addition of
four new sources with data for periodontal diseases; (2)
revised crosswalk models to include age pattern for alter-
nate definitions of AL)>5 mm, AL>4 mm, and CPITN
Class 3. Third, this ecological analysis utilizes aggregated
population-level data and does not capture individual
behavioral factors, such as oral hygiene practices. To
mitigate these limitations, multiple hypotheses grounded
in current evidence have been proposed to explain causal
relationships driving temporal trends in periodontal dis-
eases incidence. Although causal inference is limited, the
APC framework remains robust for identifying macro-
level trends, which can guide future research targeting
individual risk factors.

Conclusions

This study provides an in-depth analysis of the peri-
odontal diseases burden within the BRICS members.
From 1992 to 2021, Brazil, India, and China experienced
an increasing trend in the age-standardized incidence
rates of periodontal diseases, in contrast to the declin-
ing trends observed in the Russian Federation and South
Africa. Furthermore, five countries displayed similar age-
effect patterns characterized by initial increases followed
by subsequent stabilization with advancing age, along
with distinct period and cohort effects. The findings
highlight the critical need for tailored interventions span-
ning age, period, and cohort dimensions to effectively
address the distinct challenges posed by periodontal dis-
eases in these nations undergoing rapid development.
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