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Abstract

Objective: Although epidemiological studies suggest that oral health conditions may be associated with an increased
risk of noncommunicable diseases, the findings have yet to be comprehensively synthesized, particularly for a major
noncommunicable diseases-related health and economic burden. Therefore, we will perform a systematic review and meta-
analysis of all available observational studies investigating the association between oral health conditions and subsequent risk
of major noncommunicable diseases.

Methods: With limited English publications, we will search electronic databases, including MEDLINE, Embase, PubMed,
Cochrane Library, Scopus, and CINAHL. Based on the temporal properties and natural course of disease progression, we
will seek cohort or case—control studies that investigate the association between oral disease conditions and the risk of
noncommunicable diseases. Regarding the World Health Organization agenda, oral health conditions will include dental
caries, periodontal disease, oral cancer, edentulism, other oral conditions (i.e., oro-dental trauma, cleft lip and palate,
and noma), and endodontic lesions. Based on the global disease burden, primary outcomes of interest will include the
four major systemic noncommunicable diseases: cardiovascular diseases, cancers, chronic respiratory diseases, and type
2 diabetes mellitus. Random-effects meta-analysis will be used to estimate pooled effects estimate and 95% confidence
intervals. Statistical heterogeneity will be investigated using the I* index and 72 statistics. Preplanned subgroup and sensitivity
analyses and random-effects meta-regression analyses will be performed to address possible heterogeneity and establish
the robustness of the meta-analytic estimates. The prediction intervals, expected (E)-value, and evidence certainty will be
appraised to synthesize the findings and draw evidence-based conclusions.

Conclusion: This systematic review will summarize all available evidence regarding the association between oral health
conditions and the risk of major noncommunicable diseases. The findings will encourage collaboration between oral health
and primary care professionals for early detection and management of noncommunicable diseases and promote oral health
well-being.

Systematic review registration: PROSPERO: CRD42021274184.
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Introduction

In 2022, the World Health Organization (WHO) defined
“oral health conditions” as a group of diseases with differ-
ent causes, epidemiology, disease management, and treat-
ments that affect the oral disease conditions of the
worldwide population.! Oral health conditions not only sig-
nificantly strain physical health and economic burdens but
also impair the health-related quality of life and mental
health well-being of those affected.? Globally, it has been
estimated that oral health conditions affect approximately
3.5billion people, mainly in lower- and upper-middle-
income countries.! Regarding public health concerns, five
main oral health conditions include dental caries, severe
periodontal disease, edentulism, oral cancer, and other oral
conditions (i.e., oro-dental trauma, cleft lip and palate, and
noma). However, other oral disease conditions (e.g., endo-
dontic infection) that impact the health of teeth and mouth
are not comprehensively estimated.?

Over the past decades, literature evidence has suggested
that people living with systemic noncommunicable dis-
cases (NCDs) are at risk of oral disease conditions, particu-
larly among those with multimorbidity or limited general
health and/or oral health self-care.* ® On the contrary, based
on the bidirectional association aspect, the causal role of
oral health conditions and subsequent risk of NCDs has
been suggested in recent years. Although the mechanisms
underlying an interconnected between oral diseases and the
development of NCDs are not well established, several
pathways have been proposed, both biological pathways
(e.g., the interaction of oral microbiome and host immune
system, bacteria-derived chronic inflammation)’”® and non-
biological pathways (e.g., social determinants of health
inequalities, nutrition, and dietary patterns).>*'* In 2022,
the WHO called for urgent action by incorporating oral
health conditions into NCDs, public oral healthcare ser-
vices, and universal health coverage programs."!!

On the basis of the contemporary available systematic
reviews regarding the association between oral health condi-
tions and subsequent risk of systemic NCDs, several major
limitations have been identified. First, the effect estimates of
existing reviews are generally synthesized based on cross-
sectional studies or mixed designs,'>* which may be subject
to judging the evidence-based conclusion regarding the tem-
poral relationship. Moreover, the risk estimates based on a
previous umbrella review by Botelho et al.!> may have been
affected by the methodological inconsistencies and the qual-
ity of evidence findings, especially those poor methodologi-
cal designs, relatively small number of longitudinal studies,
and heterogeneity of definitions of oral health conditions.

Second, previous evidence explicitly focused on particular
conditions of oral health or NCDs, with the majority of
reviews being focused on periodontitis populations.!>!4
Moreover, evidence regarding these issues has been accumu-
lating, particularly in longitudinal studies, and expanded to
other conditions than periodontitis populations. Finally, mul-
tiple recent studies in the area of oral health conditions and
major NCDs-related health and economic burdens (i.e., car-
diovascular diseases, cancers, chronic respiratory diseases,
and type 2 diabetes mellitus) have yet to be investigated
comprehensively.!>'* Based on several compelling reasons,
we propose to perform a comprehensive systematic review
and meta-analysis to reevaluate and summarize all available
evidence regarding the association of oral disease conditions
and subsequent risk of major systemic NCDs.

Methods and analysis

Protocol and registration

The prespecified protocol for this systematic review and
meta-analysis was prospectively registered in the
International Prospective Register of Systematic Reviews
(PROSPERO; CRD42021274184). This study protocol has
been drafted and is in line with the Preferred Reporting Items
for Systematic Review and Meta-Analysis Protocols
(PRISMA-P) reporting guidance (Supplemental Online,
Appendix I).!* Based on the rationale to conduct the replicate
systematic reviews, !¢ there is a need for the replication and
updated evidence-based to investigate the association of oral
disease conditions and subsequent risk of major systemic
NCDs (Supplemental Online, Appendix II).

Patient and public involvement

Patients and the public had no role in this study.

Information sources and systematic search
strategy

Based on the consultation with the experienced information
medical specialist, we will search for English articles in
MEDLINE, Embase, PubMed, Cochrane Library
(CENTRAL), Scopus, and CINAHL databases from incep-
tion. Search strategies will utilize a combination of Medical
Subject Headings terms, main keywords, or controlled
vocabulary regarding oral health conditions and NCDs (e.g.,
(“Oral Health,” “Dental Caries,” “Periodontal Diseases,”
“Edentulism,” “Oral Neoplasm,” “Cleft Lip,” “Cleft Palate,”
“Noma,” “Maxillofacial Injuries,” “Dental Pulp Diseases™)
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Table I. Study inclusion/exclusion criteria.

Study elements

Criteria for inclusion

Criteria for exclusion

Populations

Interventions

Comparators
Outcomes

Time frame

Study design

Adult participants aged |8years or older
Other subgroups analysis will be included if studies provide data to
calculate the measure of effect of the outcome of interest

Major oral health conditions based on WHO definition, including dental

caries (tooth decay), periodontal disease, oral cancer, edentulism, other

oral conditions that have public health relevance (oro-dental trauma,

cleft lip and palate, noma) and endodontic lesion at baseline

No major oral health conditions status

Primary outcomes: Level | of NCDs (major NCDs-related health and

economic burden

+*Association between oral disease conditions and cardiovascular
disease, cancers, chronic respiratory diseases, type 2 diabetes mellitus

Secondary outcomes: Level 2 of NCDs

+»Association between oral health conditions and chronic kidney
disease, metabolic syndrome, and rheumatoid arthritis

Additional outcomes

«*Inflammation in diseases (e.g., bleeding on probing)

+¢Laboratory markers (e.g., blood glucose level, blood pressure and
body mass index)

From the inception dates of each database to current (an updated

search will be conducted before formal analyses)

Observational nonrandomized trial (cohort and case—control studies)

In vitro or animal studies
Studies including less than 50
participants will be excluded
owing to they lacked statistically
significant power

Unclear definition for each
condition

Self-reported status

Studies without control groups
Studies not providing data to
calculate the measure of effect of
the outcome of interest

Unclear definition for each
condition

Studies with a follow-up period of
less than 3 months

No restrictions were imposed on
timing of start date
RCTs design, cross-sectional,

o Gray literature will be browsed
e Studies will be limited to English language

N-of-one, case series/case reports,
narrative review, systematic
review, meta-analysis, guidelines,
and opinion/editorials

WHO: world health organization; RCTs: randomized controlled trial.

AND “NCDs”). Vocabulary, syntax, and filters for study
design and study population will be applied and adjusted
across the selected electronic databases. The predefined
search was conducted on 10 October 2023 and cross-checked
by two investigators (PB and SN). Details of the search strat-
egy for each database are described in Supplemental, Table
S1. To identify all relevant articles, we will also manually
search gray literature from Google Scholar, reference lists of
included studies, and prior systematic reviews.

Process of study selection and eligible criteria

All retrieved citations will be collated and deduplicated using a
citation manager (EndNote). The unique citations will be then
uploaded to the Rayyan platform, a web application for sys-
tematic reviews.!” For stage [—screening, a team of investiga-
tors (NP and PB) will be screened based on the title/abstract of
citations in order of likelihood of inclusion. In stage II, poten-
tially eligible articles will be further independently reviewed in
duplicate by a team of investigators based on full-text articles
against the inclusion and exclusion criteria (Table 1). Any disa-
greement will be reached by a team discussion.

Regarding the study eligibility criteria, we predefined the
NCDs based on the global disease burden into two levels of

outcomes of interest. For level 1 of NCDs (primary out-
comes: major NCDs-related health and economic burden),
we will include the outcomes of interest, including cardio-
vascular diseases, cancers, chronic respiratory diseases, and
type 2 diabetes mellitus, because these particular groups of
diseases account for about 80% of all worldwide premature
NCD mortality.!® Level 2 of NCDs (secondary outcomes)
will be other chronic diseases, including chronic kidney dis-
ease, metabolic syndrome, and rheumatoid arthritis. Unlike
randomized trials and intervention studies, we will include
only observational studies (case—control or cohort studies) to
draw the evidence findings regarding the natural course of
disease progression. Moreover, we excluded evidence from
cross-sectional studies, which may be subject to causal rela-
tionships as temporal properties of the study design. Details
of the eligible criteria based on the population, intervention,
comparison, outcome, timing, and setting framework are
provided in Table 1.

Data collection and risk of bias assessment

A pilot test of the data collection using a predefined extrac-
tion form will be independently performed by two investiga-
tors (NP and PB) based on five included studies. We will
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then refine the standardized extraction form based on a pilot
test data collection accordingly. We will extract data in rela-
tion to study characteristics (e.g., study population, study
design, study location, sample size, setting, study period, and
analysis method); patient characteristics (e.g., number of
patients, definitions and criteria of oral health conditions,
severity of oral health conditions, age, sex, body mass index,
race and ethnicity, comorbid conditions, and laboratory
results); outcomes of interests (individual definitions of
NCDs and outcomes measurements). In case of missing data
or uncertain information, we will email the corresponding
author of the particular article for further clarification.
However, if the authors do not respond within two attempts,
we will report the potentially eligible article as data insuffi-
cient, excluded, or handled with imputed information based
on the quality of available data. Before the formal analysis,
the extracted data will be reviewed and cross-checked by a
third party (CR, KT, and SN).

The risk of bias in each included study will be indepen-
dently appraised by two investigators (NP and PB) and veri-
fied by methodologists (CR, KT, and SN) using the
Newcastle-Ottawa Scale (NOS).! The NOS evaluates the
quality of nonrandomized studies based on three domains,
including selection (4 points), comparability (2 points), and
exposure (for case-control studies; 3 points) or outcome (for
cohort studies; 3 points). The summary NOS scores ranged
from 0 to 9points, with the higher scores indicating the
higher quality of the study. In this circumstance, the overall
risk of bias will be classified as the highest quality if the
NOS score is =8points.?*?! Any discrepancies in the data
collection process and risk of bias assessment will be
resolved through team discussion.

Data analysis and evidence synthesis

All analyses and graph visualization will be performed using
Stata software version 16.0 (StataCorp LLC, College Station,
TX, USA). Two-tailed with p-values less than 0.05 will be
considered statistically significant. Ultimately, only aggre-
gate risk estimates based on the greatest degree of adjust-
ment will be pooled and summarized to account for potential
confounders in nonrandomized studies. We anticipate pool-
ing the effect estimates for each oral health condition and the
particular NCD outcomes using a random-effects model
regardless of the degree of statistical heterogeneity to address
further methodological heterogeneity between the included
studies.?? The common effect estimates will be summarized
as adjusted hazard ratios, odds ratios, or standard mean dif-
ferences with corresponding 95% confidence intervals.
Furthermore, we will estimate 95% prediction intervals for
all outcomes of interest (individual NCDs regarding each
oral health condition) to account for the expected uncertainty
based on a new study.?

Statistical heterogeneity will be investigated using the
Cochran Q test with p<<0.10. The degree of inconsistency

will be estimated using the /2 index and 12 statistics. We will
then classify the degree of heterogeneity as low (12=25.0%
and t2=0.01), moderate (?=50.0% and t>=0.06), and high
(=75.0% and t>=0.16).2* In case of sufficient data, a small
study effect will be explored using funnel plots inspection
for each outcome of interest. Statistical publication bias will
be tested using Egger’s methods, with p <0.10.% The trim
and fill method will also be calibrated for publication bias
and address the number of included studies.?

Preplanned subgroup and random-effects univariate
meta-regression analyses will be performed to address pos-
sible heterogeneity using the prespecified study and patient
characteristics as effect modifiers. A set of sensitivity anal-
yses will be assessed to establish the robustness of the
meta-analytic estimates as follows: calculate the expected
(E)-value to address the potential residual confounders,?®
limiting the analysis to studies that are classified as having
highest quality (NOS = 8 points), including the analysis to
studies that only represent the directness of effect esti-
mates, and post-hoc analysis based on the “leave-one-out”
approach (excluding individual included studies one at a
time of analysis).

To synthesize the evidence findings, we will employ
assessment evidence certainty regarding oral health condi-
tions for each outcome of interest (individual NCDs) using
the modified Grading of Recommended Assessment,
Development, and Evaluation approach and the United
States Agency for Healthcare Search and Quality.?”?® For
evidence synthesis conclusions, we will grade the strength of
body evidence into insufficient, very low, low, moderate, or
high quality. In case of disagreement, the judging evidence
certainty will be resolved by a team consensus.

Ethics and dissemination

Indeed, the approach regarding systematic reviews involves
information based on existing published literature. Moreover,
patients or the public had no role or direct involvement in
this study. As such, this systematic review and meta-analysis
does not require formal ethical approval. However, the
Ethical Committee of the Faculty of Dentistry, Chiang Mai
University, has granted an ethical exemption for this review
(No. 44/2023). The final review findings and any amend-
ments to the study protocol as needed will be reported in
accordance with the PRISMA 2020 reporting guidelines.?
Strategies for formal dissemination will comprise peer-
reviewed journals and scientific meeting conferences.

Discussion

In recent decades, there has been a substantial improve-
ment and growing evidence-based healthcare treatment
interventions; however, NCDs remain the leading cause of
chronic illness in our society and account for seven of ten
global deaths, as well as premature avertable mortality.'3°
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Of these, the four major, including cancers, cardiovascular
diseases, chronic respiratory diseases, and diabetes,
account for about 80% of NCD deaths.'® Concerning the
global oral health crisis, the WHO has issued and devel-
oped the global initiative agenda by incorporating an
action plan by 2023 aligned with NCD and universal health
coverage agendas.!'’! With respect to limited evidence
consistency, a systematic review by Botelho et al.'? found
that the overall strength of a body of evidence of the asso-
ciation between oral health conditions and NCDs was
unfavorable owing to poor meta-synthesizing or methodo-
logical inconsistencies. Furthermore, the findings are
prominently based on prevalent associations (e.g., cardio-
vascular diseases or diabetes mellitus) owing to the nature
of the cross-sectional study design.!'?

To better understand the global impact of oral health con-
ditions as a potential prognostic risk for the development of
systemic NCDs, particularly the major burden NCDs (i.c.,
cancers, cardiovascular diseases, chronic respiratory dis-
cases, and diabetes), we will summarize all available obser-
vational studies that account for the temporal relationship
(i.e., cohort or case—control studies). Our systematic review
and meta-analysis will use a comprehensive evidence-based
synthesis approach. Given that we plan to perform a rigorous
and updated systematic review and meta-analysis, including
all available evidence from the contemporary literature,
some study limitations must be acknowledged. As we lim-
ited our search strategy to studies published in the English
language, non-English evidence may limit our findings. In
addition, apart from the methodological differences, hetero-
geneity in study-specific effect estimates regarding differ-
ences in definitions of oral health conditions and outcomes
of interest and degree of controlling for confounders across
the included studies may also affect our results.

Collectively, our findings will promote a proactive col-
laboration between oral health professionals and primary care
professionals for early detection and management of NCDs
and promote public oral health well-being to align among
NCDs and risk-factor advocates. Ultimately, findings from
the evidence-based synthesis will further inform the WHO
Global Strategy for Oral Health agenda for effective coverage
surveillance of public oral health conditions and oral health
literacy promotion among individuals at risk of NCDs.

Conclusion

This systematic review and meta-analysis will summarize all
available evidence regarding the association between oral
health conditions and the subsequent risk of systemic major
NCDs-related health and economic burden. Evidence from this
review can be used in the risk assessment of major NCDs
among people with oral health conditions for proper public sur-
veillance and disease prevention. In addition, the results of this
review will enhance medical personnel’s awareness and lead to
collaborative treatment planning for comprehensive care.
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