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Methods: Using secondary data from the Malaysian Health Information Management

18-59 years) utilizing public oral healthcare services. The automatic ARIMA function
in EViews 12 was used for forecasting, with optimal model parameters selected on the
basis of the Akaike and Schwarz criteria. Diagnostic checks validated model adequacy

via residual analysis, R-squared, and Prob (F statistics).

Results: Trend analysis revealed distinct periods of change in the prevalence of adult
public oral healthcare utilization in Malaysia from 1992 to 2019, characterized by phases
of decline, stabilization, gradual growth, and a sharp increase. The ARIMA (3,0,4) model
forecasts a decline in the prevalence of adult public oral healthcare utilization from 2.32%
in 2020 to 1.83% by 2034, reflecting a gradual reduction in utilization.

Conclusion: Although the trend over 28 years has fluctuated, forecasting analysis projects
a gradual decline in utilization prevalence from 2020-2034, reflecting evolving healthcare
preferences, increasing private sector alternatives, and infrastructure constraints in the
public sector. These findings emphasize the need for proactive policies to address stag-

nating infrastructure, enhance accessibility, and promote preventive care.
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Introduction

Oral health is crucial for adults, influencing general
health, productivity, and quality-of-life.(':?) Diets high
in processed and sugary foods heighten oral health
risks.®®) Working adults’ poor oral health contributes to
substantial individual and national healthcare costs.®
Despite various initiatives, public oral healthcare (OHC)
in Malaysia remains stagnant, hindered by socioeconomic
inequalities, limited access, and low oral health literacy.5-%)
Evidence-based reforms are needed to integrate oral with
general healthcare and enhance targeted outreach.

Malaysia’s dual healthcare system consists of a sub-
sidized public sector and a fee-based private sector.”)
Recognized by the World Health Organization (WHO)
for achieving Universal Health Coverage (UHC) since the
1990s,® the public sector provide nominal fees, including
exemptions for vulnerable groups like the poor, disabled,
and elderly.(”) Public sector employees benefit from the
electronic-guarantee-letter (e-GL) for basic care, while
private sector employees may receive employer-spon-
sored benefits such as panel clinics or reimbursements.
() Others pay minimal out-of-pocket costs for public
sector care.!”) Malaysia lacks healthcare social insurance,
and private insurance, though available, is rarely used.(”’
Furthermore, limited funding and infrastructure strain its
capacity amid growing demand from an aging population.
This system includes an extensive network of dental care
facilities in health clinics, standalone clinics, hospitals,
schools, and urban and rural transformation centers (UTCs
and RTCs).(”) Mobile dental clinics and teams further
enhance access for underserved populations in subur-
ban and remote areas.®) Public sector dental services for
adults include treatment such as extractions, fillings, and
scaling, alongside group initiatives via community talks
and outreach programs to promote awareness and
prevention.?)

OHC utilization refers to the actual use of dental
services based on oral health needs or preferences.!'? It
is influenced by factors such as income, employment, and
healthcare infrastructure.>%!1:12) Regular check-ups and
early interventions align with global goals for better oral
health, including a caries-free future.'3) However, only
13.2% of adults reported utilizing dental services in the
National Health and Morbidity Survey (NHMS) 2019,
despite initiatives like free check-ups and awareness

campaigns.®) Many continue to self-medicate for dental
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issues rather than seek professional care.©

Recent trends in OHC utilization in Malaysia
reveal progress and ongoing challenges. National health
surveys from 2006 to 2023 highlight evolving patterns
in OHC-seeking behavior.!42!) Peaks in reported oral
health problems occurred in NHMS 2006 and NHMS
2019, alongside increased OHC utilization in NHMS
2019 (23.7%) and NHMS 2023 (25.7%).1'7!®) Govern-
ment dental clinics remained primary providers, despite
the temporary rise in self-care noted in NHMS 2011 and
NHMS 2015.0510) Disparities persist, with rural adults
reporting more dental problems (6.2%) than urban adults
(5.3%).©) While 46.4% of adults with dental problems
sought care, self-medication, ethnicity, education, and
income disparities influenced access in rural areas, with
the wealthiest 20% more likely to seek care than the
poorest 20%.©)

NOHSA 2020 highlighted significant oral health
challenges among Malaysian adults, with 94.6% needing
treatment, 17 in 20 experiencing dental caries, and 9 in 10
having unhealthy periodontium.?" Among older adults,
edentulism and tooth loss worsen the burden, with only
34.3% retaining 20 or more teeth.>") Despite the availability
of public OHC services, access remains challenging due to
constrained resources, limited funding, and infrastructural
capacity.>62?)

Time-series forecasting is crucial for healthcare
planning, enabling the prediction of future demand and
optimal resource allocation. Example of techniques

include exponential smoothing,>*)

regression-based
models,** and machine learning methods.*> Each method
has trade-offs: exponential smoothing captures short-
term patterns but oversimplifies;**) regression models are
interpretable but struggle with nonlinear dynamics;?¥
machine learning handles complexity but lacks tran-
sparency and requires large datasets.®> This study adopts
the ARIMA model, suited for univariate time series fore-
casting where historical data serves as the only input.®)
ARIMA captures temporal patterns, accommodates
non-stationarity, and allows confidence interval (CI)
construction for uncertainty estimates.?®) Prior studies
have demonstrated that historical trends reliably forecast
future demand, particularly when long-term data are avail-
able.?’29) Given the dataset's characteristics (moderate
size, annual resolution, and finite period), ARIMA strikes a

balance between simplicity, interpretability, and reliability.
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More complex methods were deemed unsuitable due
to data limitations and unnecessary complexity for this
study's focus on trend forecasting.?3->>)

The WHO Global Oral Health Action Plan 2023-2030
emphasizes the integration of oral health into primary
healthcare systems, promoting UHC to ensure equitable
access for the population.®?) It advocates for capacity
building in public healthcare systems, including train-
ing and infrastructure development, to meet the needs of
vulnerable groups. This aligns with the Malaysian National
Oral Health Strategic Plan (NOHSP) 2022-2030, which
prioritizes improving the accessibility, affordability,
and quality of OHC services, particularly for mar-
ginalized groups and those with complex care needs.*"
The NOHSP also focuses on developing workforce
strategies and expanding oral health services to address
the increasing demand driven by demographic shifts.!

This study supports these objectives by aiming to (1)
investigate trends in adult public OHC utilization and (2)
forecast future demand among adults in Malaysia. Accurate
forecasts help identify service gaps, optimize resources,
and develop sustainable plans for the OHC system.(?)
While existing research on OHC utilization focuses on
high-income countries, evidence from middle-income
settings like Malaysia remains limited. By establishing
baseline projections, this study provides evidence-based
insights for policy development, program evaluation, and

effective resource allocation.
Materials & Methods

Study Design and Data Sources

This study employed univariate time series analysis
to examine trends and forecast adult public OHC utiliza-
tion in Malaysia until 2034. Data from 1992 to 2019 were
sourced from the Annual Reports compiled by the Health
Information Management System (HIMS) under the
Ministry of Health Malaysia (MOH).®3%) These reports
are based on standardized national data collected by trained
and calibrated dental personnel following established
protocols.®¥ Data integrity is ensured through multi-level
verification at clinic, district, state, and national levels,
along with periodic audits and statistical checks by the
Health Informatics Centre.** These measures ensured
the integrity, consistency, and reliability of the dataset.

The analysis focused on the percentage of adults
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(aged 18-59 years, as defined by HIMS) receiving
primary OHC in public facilities.”) This age range aligns
with Malaysia’s legal definition of adulthood.®® In this
study, "Adult Public Oral Healthcare Utilization" refers
to the percentage of this population utilizing public OHC

services in Malaysia.(?)

Data Preprocessing

The dataset covered years 1992-2019, arranged
chronologically in a Microsoft Excel file before being
imported into EViews 12 for analysis. Inclusion criteria
comprised national-level data for adults aged 18-59, with
complete, continuous, and structured annual observa-
tions from 1992-2019 suitable for ARIMA modeling.
State-level data, inconsistent definitions, and data from
2020 onward were excluded to avoid distortion from
COVID-19-related service disruptions.

In time series analysis, the sample consists of
individual data points, relying on historical patterns and
data availability rather than a fixed sample size.%37)
Including as many data points as possible ensures robust,
reliable results, making a specific sample size unneces-
sary.®%37) Data accuracy and consistency were verified
by HIMS personnel responsible for data collection before
entry into the database.

Missing data were addressed via linear interpolation,
a widely accepted technique that minimizes errors even

(38,39) However, no

when up to 60% of values are missing.
missing data were identified in this dataset. I[f missing data
were present, sensitivity analyses would be conducted
to ensure the chosen method did not alter the findings
significantly.*?) Outliers were detected via correlation
plots and logarithmically transformed to stabilize variance
and reduce skewness. The final dataset underwent normality
assessment using Jarque-Bera test (p>0.05) to confirm
a normal distribution.*" Box plots revealed no extreme
values within the data, ensuring the integrity of the dataset

for subsequent modeling.*?

Forecasting Models and Analysis

The automatic ARIMA function in EViews 12 was
used to forecast utilization prevalence (2020-2034).
ARIMA requires stationary data, where mean and
variance remain constant over time, ensuring stable data
generation and accurate forecasting. EViews 12 automates

differencing and selects optimal autoregressive (AR) and
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moving average (MA) terms using Akaike information
criterion (AIC) and Schwarz criterion (SC), streamlining
model selection.

The ARIMA model captures time-series dynamics
through three parameters: AR (p) for lagged observations,
integrated (d) for differencing to achieve stationarity, and
MA (q) for lagged residuals, forming the ARIMA (p, d,

q) equation:
O(B) (1 -B)Y=0(B) ¢,

In this equation, ®(B) and ®(B) are polynomials
representing the autoregressive and moving average
components, respectively. B is the backward shift opera-
tor, where BYt equals Y, The error term, € is assumed
to follow a white noise process, ensuring no autocorrela-
tion in the residuals.

Automatic ARIMA was chosen over manual
ARIMA which require manual differencing and para-
meter selection to reduce subjectivity and misspecifica-
tion risk.3%*) Automating these processes and selecting
optimal parameters based on AIC and SC minimizes over-
fitting and effectively models trends and autocorrelations,

making it well-suited for public health forecasting.(+>*¥

Model evaluation and validation

The adequacy of the ARIMA model was validated
through diagnostic checks, including residual analysis,
to assess independence and homoscedasticity. Goodness-
of-fit metrics (AIC and SC) were evaluated to confirm
model robustness. Diagnostic checks using R-squared and
Prob (F-statistics) confirmed model accuracy.(45 )

Durbin-Watson statistic tested for autocorrelation
while Jarque-Bera test assessed residuals’ norma-
lity.41:46) The Autoregressive-Conditional-Heteroscedas-
ticity (ARCH) test, which is appropriate for time-series
data exhibiting potential time-varying volatility tested for
homoscedasticity.4”*®) These statistical tests validated
model assumptions, which are detailed in the supplemen-

tary material.

Final Model and Forecasting

Using the finalized ARIMA model, forecasts for adult
public OHC utilization were generated for 2020-2034. To
verify the model's reliability, the results included the fore-

casted utilization prevalence and diagnostic plots, such as
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actual versus forecasted values and residual diagnostics.

All analyses were conducted via EViews 12.

Results

This study analyzed trends in adult public OHC utili-
zation in Malaysia from 1992-2019 and forecasted future
utilization through 2034.

Adult Public OHC Utilization Trends from 1992-2019

Adult public OHC utilization demonstrated four
distinct phases:

* Steady decline from 6.90% in 1992 to 5.38% in
1997, indicating a decline of 22.03% over five years.

* Stabilization from 1997-2002.

¢ Gradual growth from 4.94% in 2002 to 7.30% in
2012, a steady growth of 47.77% over the decade.

¢ Sharp increase from 7.30% in 2012 to 10.10% in
2019, representing an increase of 38.36%.

Figure 1 illustrates these trends, highlighting the
significant periods of decline, stabilization, and growth

over the 28-year period.

Model Selection and Diagnostics

The lowest AIC, indicating high accuracy, identified
ARIMA (3,0,4) as the best-fit model (Supplementary
Table 1). The log-transformed series was stationary with-
out differencing, validating the AR and MA components.
This model effectively captures trends and seasonality in

healthcare utilization data.

Model Performance, Diagnostic Tests, and Statistical
Significance

Key diagnostics confirm the robustness of the
ARIMA (3,0,4) model. Table 1 presents parameter
estimates, standard errors, t statistics, and significance
levels. The high R-squared (0.936) and adjusted R-squared
(0.910) indicate strong explanatory power. Low standard
error (0.063) and significant F statistic (p<0.001) affirm re-
liability. Durbin-Watson statistic (2.02) suggests minimal
residual autocorrelation, confirming the model’s
validity for forecasting public OHC utilization in Malaysia.
The Jarque-Bera test for normality yielded a statistic of
1.28 (p=0.526), indicating normally distributed residuals.
ARCH test showed homoskedasticity (F-statistic=2.19,
p=0.151; Obs*R-squared=2.17, p=0.140). Detailed results
of these diagnostic tests are provided in the supplementary

material.
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Figure 1: prevalence of adult public oral healthcare utilization (1992-2019).

Adult Public OHC Utilization Forecast from 2020-
2034

The forecasted adult public OHC utilization in
Malaysia indicates an initial upward trend, peaking in
2026 before gradually declining toward the end of the
15-year projection period (Table 2).

The forecasted adult public OHC utilization in Ma-
laysia reveals three distinct phases:

 Steady increase from 2020-2026, rising from
10.40% to 11.64%, indicating sustained growth.

* Gradual decline from 2027-2029, decreasing from
11.60% to 11.29%, signaling the onset of a downward
trend.
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* Pronounced decline from 2030 to 2034, with utili-
zation falling from 11.03% to 9.53%.

The forecast includes 95% Cls, providing a mea-
sure of reliability to the projections. Near-term estimates
(+£0.52% in 2024), show greater certainty, while wider
intervals (£0.95% by 2034), reflect increased long-term
uncertainty.

The error measures further demonstrate the strong
predictive accuracy of the ARIMA model and highlight
the model's reliability for forecasting trends over the short
to medium term. Details regarding these error measures

are provided in the supplementary material.
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Figure 2: Trend and forecasted prevalence of adult public oral healthcare utilization (1992-2034).
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Table 1: Equation outputs of the fitted ARIMA model for the adult public oral healthcare utilization.

Variable
C
AR(1)
AR(2)
AR(3)
MA(1)
MA(Q2)
MAQ@3)
MA(4)
SIGMASQ
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

Coefficient Std. Error t-Statistic Prob.
2.052 0.372 5.509 <0.001
1.317 0.001 1300.410 <0.001
0.322 0.024 13.658 <0.001
-0.666 0.002 -279.619 <0.001
-0.860 186.749 -0.005 0.996
-0.940 2512.185 <0.001 1.000
0.578 1550.757 <0.001 1.000
0.273 1242.440 <0.001 1.000
0.003 2.795 0.001 0.999
0.936 Mean dependent var 1.862
0.910 S.D. dependent var 0.211
0.063 Akaike info criterion -2.041
0.076 Schwarz criterion -1.613
37.577 Hannan-Quinn criterion -1.910
34.944 Durbin-Watson statistic 2.029

<0.001

Table 2: Forecasted prevalence of adult public oral healthcare utilization in Malaysia from 2020 to 2034.

Forecasted Years Ahead

2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034

Discussion

Prevalence of adult public 95% Confidence Interval
oral healthcare utilization in Malaysia (%) Upper Limit Lower Limit
10.40 9.36 11.44
10.76 10.28 11.24
11.05 10.83 11.27
11.31 11.05 11.57
11.49 11.18 11.80
11.61 11.24 11.98
11.64 11.21 12.07
11.60 11.10 12.10
11.48 10.92 12.04
11.29 10.66 11.92
11.03 10.33 11.73
10.71 9.94 11.48
10.35 9.52 11.18
9.95 9.05 10.85
9.53 8.58 10.48

from 1992-2019 followed four phases: initial decline

This study examined trends and forecasted the future ~ (1992-1997), stabilization (1997-2002), gradual growth
utilization of adult public OHC services in Malaysia, (2002-2012), and sharp increase (2012-2019).
using automatic ARIMA univariate time series analysis to From 1992-1997, utilization dropped from 6.90%

generate forecasts through 2034.

to 5.38%, likely due to limited access, low awareness,
and economic barriers. NHMS 1996 reported that 57.5%

Trends in Adult Public OHC Utilization (1992-2019) of sick individuals did not seek care, often deeming it

Adult public OHC utilization trends in Malaysia  unnecessary. Early oral health surveys and the absence
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of comprehensive strategies, such as NOHP 2011-2020,
reflected limited policy focus on adult care at the time.”)

Between 1997 and 2002, utilization fluctuated
between 5.38% and 4.94%, reaching its lowest in 2002,
which likely reflected resource constraints, economic
challenges, or absence of large-scale interventions.
Although NOHSA 20001 provided useful data, struc-
tured efforts to enhance public OHC utilization were still
evolving. The low utilization in 2002 likely reflected
resource constraints, limited awareness, and economic
challenges during Malaysia’s recovery from the 1997-
1998 Asian financial crisis, with restricted healthcare
spending and a public dentist-to-population ratio of
1:8,371, indicating limited service capacity.®%°!) Less
widespread awareness campaigns also reduced public
engagement.*”) Hence, continuous monitoring is essential
to guide resource allocation and ensure equitable access
during economic uncertainties.

From 2002-2012, utilization rose from 4.94% to
7.30%, with a dip from 6.40% to 5.34% between 2007
and 2009, likely linked to the global financial crisis.?
Indirect costs such as transport and income loss may have
deterred non-urgent care.®?) Subsequent increases were
driven by policy initiatives, such as NOHSA 2010%%,
and NOHP 2011-2020,%% which improved service
delivery through integrated systems, online appointments,
automated reminders, and performance monitoring. %>
UTCs and RTCs enhanced accessibility.”)

Utilization accelerated after 2012, from 7.30% in
2012 to 10.10% in 2019, driven by major public OHC
reforms, including infrastructure expansion, targeted
health promotion, and technological integration. Mobile
dental clinics under the 12th Malaysia Plan improved

rural access,*”)

while outreach programs such as Pro-
gram Pergigian Mesra Rakyat,*>>® reflected targeted
population approach. Digital tools such as the ‘MyGusi’
and ‘MyOrtho’ in 2018 further increased accessibility to
specialized care.”)

Importantly, OHC utilization does not necessarily
reflect treatment needs, as it depends on accessibility,
awareness, SES, and individual behaviors.-® Therefore,
compatibility between adult treatment needs and actual
oral health service utilization must be cautiously inter-
preted. While NOHSA 2020 found 94.6% of Malaysian
adults require professional care,*!) lower utilization rates

suggest unmet needs and barriers to care. Integrating
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epidemiological data with utilization trends is crucial to
address these gaps effectively. These findings highlight
the need for policies to improve equitable access and meet

actual oral health needs.

Adult Public OHC Utilization Forecast from 2020-
2034

Forecasts reveal an initial upward trend, peaking in
2026 and a gradual decline from 2020 to 2034. The early
peak may reflect demographic shifts, including a growing
and aging population,® as older individuals face high-
er risks of oral health issues, particularly those with
diabetes.>® Years of health promotion, policy initiatives,
and continued subsidization of basic dental care likely

49 while modest

improved public awareness and access,
infrastructure improvements and rising demand con-
tributed to higher utilization.(-")

From 2027 onward, utilization begins to decline.
This reduction may reflect changes in healthcare policies,
demographic shifts, increased reliance on private
dental services, or accessibility challenges. Between
2016 and 2023, the private sector’s share of dentists
increased from 36.1% to 46.55%, while the public sector
declined from 63.9% to 53.45%.051 Although the public
dentist-to-population ratio improved from 1:6,725 (2016)
to 1:4,588 (2023), it lagged behind the private sector’s
expansion.®") The population-to-dental-unit ratio in the
public sector reflects systemic strain, improving from
1:12,037 in 1992 to 1:7,460 in 2006, then worsening to
1:17,501 in 2011 before recovering to 1:12,431in2019.©
This indicates stagnant infrastructure development amid
rising demand. While the growth of private clinics may
reduce public sector congestion, improving access for
those unable to afford private care, it is crucial to enhance
public infrastructure to ensure quality care and meet the
rising demand from an aging population. Without such
improvements, the public sector may still struggle to
support vulnerable groups despite reduced congestion.

Delayed public OHC access can worsen untreated
conditions, leading to advanced conditions, which escalate
treatment costs and systemic healthcare burdens.>7>%)
Low-income groups, lacking resources for private care,
are particularly vulnerable. Addressing this decline is vital
to prevent rising disease complications and healthcare
costs. Given the stagnant infrastructure and increasing re-

liance on private services, targeted policies are essential to
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address growing inequalities in OHC access and prevent

adverse health outcomes.

Policy Implications

Despite NOHSA 2020 findings that 94.6% of
Malaysian adults require professional intervention,?"
utilization is expected to drop, suggesting worsening
access barriers, potentially leading to unmet oral health
needs and an increased burden of untreated dental
conditions. Targeted policies to enhance affordability,
accessibility, and awareness are essential to address these
challenges.

Economic factors may contribute to declining public
dental service utilization. Despite subsidized OHC,(”
out-of-pocket costs for specific treatments, transporta-
tion and lost work time, may deter care-seeking,>-%:12)
especially for lower-income populations prioritizing other
financial obligations.®!'? The economic downturn and
rising cost of living exacerbate this problem, necessitat-
ing expanded subsidies, financial assistance programs, or
insurance coverage to maintain accessibility.

Long waiting time in MOH facilities also discourage
utilization.®® Working adults prefer private clinics for
faster, more convenient, and perceived better quality of
care despite higher costs.(®”)

Employer-sponsored dental benefits(®") may further
drive working adults towards private dental services. With
financial support, individuals may perceive private dental
care as more accessible and convenient, reinforcing the
preference for private clinics. Consequently, public OHC
services are increasingly utilized by populations without
such benefits, potentially widening socioeconomic dis-
parities in access.

The public sector workforce challenges compound
the issue. Despite increased dentist, limited permanent
positions in MOH facilities push contract-based dental
officers to private practice.(>®®) This reduces afford-
able public service capacity and affects those reliant on
government clinics. Addressing this workforce imbalance
requires sustained investment in infrastructure,
adequate staffing and resources to meet patient demand to
help mitigate service limitations and improve long-term
accessibility.

Beyond financial and workforce challenges,
geographic disparities in OHC remain a concern. Rural

and underserved adults often lack access to public
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dental facilities,®'" contributing to declining utilization.
Expanding mobile clinics, community outreach, work-
place-based initiatives, and teledentistry can improve
access, particularly for preventive care.

The NOHSP 2022-2030 prioritizes preventive and
rehabilitative measures but requires proactive efforts to
reverse declining utilization.®! Strengthening public
health campaigns, addressing financial barriers, and
sustaining the public dental workforce are crucial. Without
targeted interventions, declining service use, oral health
disparities and untreated dental conditions may worsen in
Malaysian adults.

Integrating OHC into Malaysia’s primary healthcare
(PHC) framework can address systemic challenges and
improve care for conditions like diabetes and cardiovas-
cular diseases.®> Currently, oral health services operate
independently within PHC, limiting holistic care despite
partial integration efforts, such as the National Strategic
Plan for Non-Communicable Disease 2016-2025 and
smoking cessation under the KOTAK program.*%-6%)
However, collaboration and referrals between medical
and oral health services remain inadequate, highlighting
the need for governance reforms and multidisciplinary
coordination within MOH.(®) Oral health professionals
should address systemic health issues, while primary
care physicians require basic oral health training.(3-67)
The existing lkon Gigi program, which trains community
representatives to promote oral health, can be expanded to
boost outreach efforts in underserved areas.®® Continuity
of care also requires shared electronic health records.
While Malaysia’s Teleprimary Care-Oral Health Clinical
Information System (TPC-OHCIS)®” supports integra-
tion, its adoption is limited by poor digital infrastructure
and stakeholders’ preference for systems like the Dental
Information System (DIS). Upgrading infrastructure
and unifying TPC-OHCIS and DIS can improve data
sharing and care coordination. To sustainably integrate
OHC into Malaysia’s PHC system, increased public fund-
ing and public-private-partnerships are needed. Current
programs like PeKa B40 and Skim Perubatan Madani
support low-income groups through free screenings and
treatment for medical conditions,(m) but exclude OHC.
Integrating basic oral health packages into these initiatives
would address a critical gap, support NCD prevention, and
advance UHC goals by improving access for underserved

populations.
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These policy recommendations should be considered
within the context of the study’s forecasting approach,
which extrapolates from historical utilization data alone.
Therefore, continuous data monitoring and incorporating
evolving socioeconomic and health system factors are

essential for responsive planning.

Strengths and Limitations

Given that our projections are based solely on
historical dental utilization data, the following outlines the
study’s methodological strengths and limitations, which
inform appropriate interpretation and future research
priorities.

The robustness of the dataset enhances this study’s
reliability, as it draws from credible national databas-
es systematically collected over 28 years (1992-2019)
through an established monitoring system. This long-term
consistency ensures accurate reflections of national trends
in adult OHC utilization, enabling pattern identification,
shift detection, and reliable projections. The dataset’s con-
tinuity strengthens the study’s validity, making its findings
valuable for policymakers and healthcare planners.

A key strength of this study lies in its ability to
provide macro-level insights into public OHC utilization
trends in Malaysia. By leveraging ARIMA modeling on
aggregated data, the study identifies distinct periods of
growth, stabilization, and decline, offering policymakers
a comprehensive view of the overall trajectory of
service demand. These insights are instrumental for
strategic planning, resource allocation, and national policy
development. While the data is aggregated at the national
level and lacks subgroup detail, the trends identified can
guide high-level decision-making by signaling overall
system demands and highlighting the need for targeted
follow-up studies.

The model uses only historical utilization data,
assuming trend continuity without incorporating external
factors. This limits its responsiveness to unexpected shifts
such as economic shocks, policy changes, or health crises.
Although post-2020 data was excluded to avoid pandemic
distortion, this also limits insight into recent system trans-
formations. Additionally, private sector utilization is not
captured, potentially underrepresenting total demand.
However, modeling 28 years of utilization patterns indi-

rectly captures the impact of major national health policies
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and programs, such as the NOHP 2011-2020, mobile
dental clinic expansion, and increased public sector dental
funding under the Tenth and Eleventh Malaysia Plans.?)
These embedded policy signals provide valuable insights
into their population-level effects, demonstrating how
long-term data can inform planning without explicitly
modeling interventions.

The absence of key explanatory variables restricts
the model’s capacity to identify causal relationships or to
predict the effects of targeted policies. Therefore, while
the forecast provides valuable insight into expected trends,
it should be complemented with ongoing data collec-
tion and periodic model updates incorporating broader
determinants when available. Hence, the forecasts provide
a practical baseline scenario but should be interpreted
cautiously, especially for long-term planning.’"

Nevertheless, univariate time series models like
ARIMA are valued for their simplicity and efficiency, with
studies demonstrating their ability to outperform multivar-
iate models, particularly when data is limited or complex.
29 1n this study, ARIMA's adequacy was validated through
rigorous diagnostic checks and residual analysis, confirm-
ing robustness and minimizing overfitting risks. Key error
measures further demonstrated strong predictive accu-
racy and reliability, highlighting the model’s suitability
for short- to medium-term forecasting.

Including 95% CIs enhances the interpretability
of projections.(’?) Short-term projections (2020-2026)
show greater precision, while longer-term forecasts (2027-
2034) are more uncertain due to potential demographic,
economic, or technological changes.’") These limitations
highlight the need for periodic updates with the latest data
and methodologies.(”®) Stakeholders should use short-
term insights for immediate planning, treat long-term
trends as evolving baselines, and incorporate scenario
planning to enhance preparedness and responsiveness.’?

Another limitation is the absence of subgroup
analyses (e.g., by SES, geography, or treatment needs) due
to data aggregation. This restricts the ability to pinpoint
disparities or identify underserved populations. None-
theless, national trends provide a foundation for targeted
research and policy formulation. Future studies should
incorporate multivariable approaches with stratified data
to enhance forecasting accuracy and support equitable

resource distribution.
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Conclusions

Trend analysis (1992-2019) revealed phases of
decline, stabilization, gradual growth, and sharp increase
in Malaysia’s adult public OHC utilization. Forecasts
predict a gradual decline (2020-2034) due to shifting
preferences, private sector growth, and infrastructure
constraints. These findings highlight the need for
proactive policies to improve access, expand infrastructure,
and promote preventive care, providing a foundation
for evidence-based policy-making to ensure equitable,
sustainable OHC.
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Supplementary Table 1: Model Selection Criteria for ARIMA Models of Adult Public Oral Healthcare Utilization in Malaysia.
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-1.80
-1.80
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=157
-1.51
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-1.35
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*Akaike’s Information Criterion (AIC) was used to compare the models
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Supplementary Table 2: ARCH Test for Heteroskedasticity in Residuals of ARIMA Model for Adult Public Oral Healthcare Utilization

in Malaysia.

F-statistic
Obs*R-squared

2.19
2.17
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Supplementary Table 3: Error Measures and Interpretations for the Forecasted ARIMA Model of Adult Public Oral Healthcare Utilization.

Error Measure Value Interpretation
Root Mean Squared Error (RMSE) 0.372 Indicates the average magnitude of forecast errors; lower values reflect higher
accuracy.
Mean Absolute Error (MAE) 0.275 Represents the average absolute difference between observed and forecasted

values; smaller values are better.

Mean Absolute Percentage Error (MAPE) 4.515%  Shows the average forecast error as a percentage of the actual value; below
10% is generally acceptable.

Symmetric MAPE 4.437%  Similar to MAPE but avoids bias toward over- or under-forecasting; confirms
consistent accuracy.

Theil Inequality Coefficient 0.027 Measures the relative forecast accuracy compared to a naive model; values
close to 0 indicate high performance.

Theil U2 Coefficient 0.707 Evaluates the forecast's reliability relative to an ideal model; values below 1

suggest good performance.

12
Series: Residuals
10 Sample 1992 2019
Observations 28
8
Mean -0.007513
Median 0.006019
6 Maximum  0.106506
Minimum -0.139183
4 Std. Dev. 0.052667
Skewness -0.498239
2 Kurtosis 3.326453
0 - - Jarque-Bera  1.282785
-0.15 -0.10 -0.05 0.00 0.05 0.10 Probability ~ 0.526556

Supplementary Figure 1: Histogram of Residuals for ARIMA Model of Adult Public Oral Healthcare Utilization Prevalence in Malaysia.



