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Oral health and diabetes: a systematic review and meta-
analysis
João Botelho, Sangeeta Singh, Benoit Varenne, Nicole Rendell, Yuriko Harada, Luís Proença, Vanessa Machado, Fernando Valentim Bitencourt

Summary
Background Diabetes is a major public health challenge, affecting nearly 828 million people worldwide. Similarly, oral 
diseases such as dental caries, periodontal diseases, and oral cancers are highly prevalent, affecting approximately 
3·7 billion individuals globally. Diabetes and oral diseases share common risk factors and studies suggest a potential 
relationship in which poor management of one potentially exacerbates the other. However, the direction, magnitude, 
and consistency of these associations remain unclear, and oral health remains largely overlooked in diabetes 
prevention and management strategies. The aim of this study is to systematically assess and synthesise the evidence 
on the longitudinal association between diabetes and oral diseases.

Methods We conducted a systematic review and meta-analysis reported in accordance with PRISMA guidelines. We 
searched four electronic databases (Embase, PubMed, Web of Science, and LILACS) and grey literature from database 
inception to Oct 27, 2025. Eligible studies included longitudinal prospective studies examining associations between 
diabetes (type 1, type 2, or gestational) and core WHO oral diseases (periodontitis, dental caries, tooth loss or 
edentulism [complete tooth loss], and oral cancer). Random-effects meta-analyses were performed using the restricted 
maximum likelihood method to estimate pooled effect sizes with 95% CIs of hazard ratios (HRs) and risk ratio (RR). 
Methodological quality was assessed using the Newcastle–Ottawa Scale for cohort studies.

Findings We screened 45 477 records and included 28 longitudinal studies from 16 countries, encompassing over 
300 000 participants. Most studies were population-based and of moderate-to-high methodological quality. 
A bidirectional temporal association in incidence patterns was observed between diabetes and periodontitis. 
Individuals with periodontitis at baseline showed a 18–25% higher occurrence of newly incident type 2 diabetes 
during follow-up, and baseline diabetes status was associated with a higher newly incident cases of periodontitis, with 
pooled RRs indicating modest differences between groups. Tooth loss was also associated with newly incident type 2 
diabetes over time (HR 1·12–1·20). Quantitative pooling was not feasible for edentulism outcomes; however, 
individuals who were edentulous at baseline showed a higher occurrence of newly incident type 2 diabetes (RR 1·30). 
Evidence regarding dental caries was scarce and heterogeneous, precluding meta-analysis. No longitudinal evidence 
was identified for oral cancer.

Interpretation Findings from this longitudinal synthesis indicate associations between diabetes and oral diseases in 
both directions; however, the strength and consistency of evidence are asymmetric. Evidence suggests that people 
with periodontitis and edentulism are more likely to be diagnosed with type 2 diabetes than people without 
periodontitis and edentulism in the future. People with diabetes are more likely to be diagnosed with periodontitis 
than people without diabetes, but with less consistent evidence. Our findings support integrating oral health within 
interdisciplinary diabetes prevention and management strategies.
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Introduction
Diabetes affects over 828 million adults worldwide, 
a figure projected to reach 1·3 billion by 2050.1,2 Type 2 
diabetes accounts for the vast majority of diabetes cases, 
and is closely linked to a range of chronic complications, 
including cardiovascular diseases, neuropathy, nephro­
pathy, and retinopathy, which collectively diminish 
quality of life and increase morbidity and mortality.3 
Among these complications, oral diseases have emerged 
as a substantial yet under-recognised complication of 
diabetes, which often remain under-addressed.3,4

Despite a growing body of evidence indicating 
a relationship between diabetes and oral health, the 
findings remain inconsistent and fragmented, partly 
due to differences in study designs, populations, and 
outcomes assessed.5 Periodontitis often co-occurs with 
other diabetes complications,4,6,7 and these conditions share 
common risk factors through inflammatory and metabolic 
pathways.8 Periodontal treatment might also contribute to 
an additional decrease in A1c glycated haemoglobin (HbA1c) 
at 12 months post-treatment in people with diabetes;9 
however, the level of evidence remains low for the 
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relationship between diabetes and dental caries, tooth loss, 
or oral cancer.5 Furthermore, oral health problems are 
often neglected in primary health care and diabetes 
management frameworks, especially in low-resource 
settings where health resources are constrained.10

Given the expanding evidence base, particularly at 
the population level, there is an urgent need for 
a comprehensive and rigorous synthesis of current 
research. A comprehensive systematic review is crucial to 
consolidate existing knowledge, clarify the nature of the 
oral health–diabetes association, and provide a foundation 
for shaping future policies and public health strategies. 
A robust, up-to-date evidence base is pivotal to inform 
integrated care models, shape national prevention 
frameworks, and support global initiatives (eg, those of 
WHO) to incorporate oral health into non-communicable 
disease prevention and control programmes.

We aim to systematically review the longitudinal 
association between diabetes and core WHO oral diseases 
(periodontitis, dental caries, tooth loss or edentulism 
[complete tooth loss], and oral cancer). Focusing on 
prospective longitudinal studies allows us to derive the 
highest level of evidence, facilitating a better understanding 
of a bidirectional relationship and temporal dynamics.

Methods
Overview
The protocol was defined a priori, based on the 
PRISMA-P guideline,11 and available publicly on the 

Open Science Framework. The protocol was appraised by 
external reviewers and required deviations from the 
original plan; changes are highlighted in the revised 
protocol. The results of the present report of findings 
regarding the association between diabetes and oral 
diseases are reported following the PRISMA guideline12 
(checklist is included in appendix 2 [pp 3–5]).

Eligibility criteria
To maximise methodological rigour and causal 
inference, we restricted eligibility to longitudinal 
studies for all four core WHO outcomes: periodontal 
diseases, dental caries, tooth loss or edentulism, and 
oral cancer. Longitudinal designs were selected because 
they allow evaluation of temporality, reduce risk of 
reverse causation and selection bias, enable tracking of 
disease progression, and provide robust and reliable 
estimates.13

Considering the possible bidirectional relationship 
between diabetes and oral diseases, two population, 
exposure, comparator, outcome questions were set 
(appendix 2 p 6): do people (population) with diabetes 
(exposure) have a higher risk of having an oral disease 
(outcome: periodontal diseases, dental caries, tooth loss 
or edentulism, or oral cancer) over time compared with 
healthy counterparts (comparator); and do people 
(population) with an oral condition (exposure: periodontal 
diseases, dental caries, tooth loss or edentulism, or oral 
cancer) have a higher risk of developing diabetes 

For the protocol see https://osf.
io/gsfn2/overview

See Online for appendix 2

Research in context

Evidence before this study
Several studies have explored the association between diabetes 
and oral health, particularly periodontitis. Although previous 
reviews suggest a potential link, the overall evidence remains 
limited by methodological constraints and heterogeneous 
study quality. We searched PubMed, Embase, Web of Science, 
LILACS, and grey literature using controlled vocabulary and 
free-text terms related to diabetes, periodontal disease, dental 
caries, tooth loss and edentulism, oral cancer, and prospective 
longitudinal study designs. Search syntaxes were first 
developed for PubMed and adapted for other databases. 
Searches covered from database inception to Sept 28, 2024, 
and were updated on Oct 27, 2025. Despite the abundance of 
high-quality studies examining the relationship between oral 
diseases and diabetes, there remains a lack of comprehensive 
synthesis; specifically, no systematic review to date had 
integrated prospective longitudinal data across the core WHO 
oral disease outcomes to investigate the bidirectional nature of 
these associations.

Added value of this study
To the best of our knowledge, this systematic review and meta-
analysis is the first to synthesise exclusively longitudinal 
evidence on core WHO oral disease outcomes. We included 

28 prospective longitudinal cohorts from 16 countries. Our 
findings show a bidirectional association between diabetes and 
periodontitis: individuals with periodontitis have a higher 
incidence of diabetes, and people with diabetes are at increased 
risk of periodontitis and subsequent tooth loss. Diabetes was 
also associated with a higher risk of tooth loss and vice-versa, 
and edentulism was associated with future risk of diabetes 
onset. For dental caries, the limited number and heterogeneity 
of eligible longitudinal studies prevented quantitative synthesis, 
although available evidence suggests a possible association. No 
longitudinal evidence was identified for oral cancer.

Implications of all the available evidence
The bidirectional relationship between diabetes and 
periodontitis highlights the need for integrated approaches, 
whereby oral health professionals and health practitioners 
collaborate to identify and address these interconnected 
conditions. Recognising that individuals with periodontitis 
have a higher incidence of diabetes, and vice versa, highlights 
the importance of early assessment and preventive strategies 
to mitigate disease progression and associated complications, 
such as tooth loss and edentulism. There is a clear need for an 
integrated, interdisciplinary approach to improve oral health 
and support people with diabetes worldwide. 

https://osf.io/gsfn2/overview
https://osf.io/gsfn2/overview
https://osf.io/gsfn2/overview


Articles

e557www.thelancet.com/public-health   Vol 11   August 2026

(outcome) over time compared with healthy counterparts 
(comparator).

The exclusion criteria were as follows: retrospective 
studies, cross-sectional studies, case–control studies, case 
reports, reviews, commentaries, conference abstracts; 
studies reporting data about periodontal healing after 
periodontal treatment (initial and supportive therapy); 
studies using imprecise or non-validated diagnostic 
criteria for diabetes or oral disease; and studies without 
methodological details or insufficient description of 
setting, population, or analytical approach.

Search strategy and study selection
Syntaxes were developed for PubMed and adapted for 
Embase, Web of Science, LILACS, and grey literature 
searches. Searches were carried out from database 
inception to Sept 28, 2024, and updated on Oct 27, 2025, 
with no language restrictions. Grey literature was searched 
on the same dates on OpenGrey, and an additional search 
was made on WHO reports, government publications, 
and conference proceedings. For Google Scholar, to 
maintain feasibility and reproducibility we screened the 
first 100 results sorted by relevance, following common 
practice in systematic and mapping reviews. No additional 
eligible studies were identified through this source. The 
search strategy was designed by two experienced 
researchers (JB and VM) and is shown in detail in 
appendix 2 (pp 7–11).

Two reviewers (JB and VM) independently screened 
titles and abstracts. Any paper classified as potentially 
eligible was appraised by a full-text reading, and the 
reasons for exclusion were fully detailed (appendix 3 p 1). 
Any discrepancies were resolved through discussion or 
consultation with a third reviewer (LP). We assessed the 
inter-examiner agreement through Cohen’s kappa and 
an excellent level of agreement was found (k=0·86, 
95% CI 0·83–0·89).

Data extraction
Two reviewers (JB and VM) independently extracted data 
through the implementation of a standardised data 
extraction form using a Google Sheet. This worksheet 
was initially conducted separately for each reviewer, 
before being combined into a single document. Any 
discrepancies were resolved through discussion with 
the third reviewer (LP). The data extraction included: 
authors, year of publication, country, population details, 
study design, oral condition, clinical oral examination, 
case definition of oral conditions, calibration, diabetes 
type, diabetes case definition or assessment, range of 
duration of diabetes, diabetes complications, number of 
participants (eg, detailed by type of diabetes, controls, 
type of oral conditions, and sex ratio), and metabolic 
control (eg, HbA1c).

Outcomes were defined according to each study’s 
prespecified clinical or validated diagnostic criteria and 
were extracted verbatim during data collection. 

Periodontitis was identified using clinical periodontal 
assessments or established case definitions reported by 
individual studies, including measures such as probing 
depth, clinical attachment loss, bleeding on probing, 
or composite diagnostic thresholds. Dental caries was 
assessed using clinical examination indices (eg, decayed, 
missing, and filled teeth; decayed, missing, or filled 
surfaces; or components) or registry-based diagnoses. 
Tooth loss was defined as partial tooth loss (number or 
proportion of missing teeth) or complete edentulism, 
either clinically observed or self-reported. Given variation 
across studies, definitions were not standardised post 
hoc; when possible, outcomes were mapped to WHO 
core oral health indicators to improve comparability.

Methodological quality
We used the Newcastle–Ottawa Scale developed for 
cohort studies (appendix 2 p 11).14 We categorised the risk 

Figure 1: Study selection
FBG=fasting blood glucose. HbA1C=A1c glycated haemoglobin.

45 477 records identified from 
databases

17 440 duplicates removed before screening

27 318 records excluded after screening

0 records identified from websites, 
organisations, or citation searches

0 reports sought for retrieval

0  assessed for eligibility

28 037  screened

20 reports not retrieved

719  sought for retrieval

671 excluded
263 unrelated to the association being studied
205 with no data on the associations of interest

60 with a cross-sectional design
43 with inadequate design or type of study
25 did not use WHO criteria for cancer type 

classification
22 classified diabetes as confounding
16 multiple publications of the same

 population, the report with the longest 
follow-up was included

12 retrospective design
11 inadequate threshold of FBG or HbA1c

6 did not use WHO criteria for diabetes 
classification

5 case–control study
3 major methodological issues 

699 reports assessed for eligibility

28 studies included in review

Identification of studies via databases 
and registers

Identification of studies via other 
methods

See Online for appendix 3
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of bias as: low (7–9 stars); moderate (4–6 stars), or high 
(1–3 stars) as previously reported.15 Two reviewers 
independently assessed study quality (JB and VM), with 
any disagreements resolved through discussion with 
a third reviewer (FVB). We assessed the inter-examiner 
agreement through Cohen’s kappa, and an excellent 
(k>0·80) level of agreement was found (k=0·92, 95% CI 
0·89–0·95).

Data synthesis
Extracted data were organised into evidence tables. 
A meta-analysis of binary outcomes was conducted 
using the meta package in R, using a random-effects 
model based on the restricted maximum-likelihood 
estimator. This approach accounts for heterogeneity 
between studies by assuming that the true effect size 
varies across studies. The pooled effect estimates 
(eg, risk ratio) and 95% CIs were calculated. 
Heterogeneity was explored through the I² index, 
Cochrane’s Q statistic (p<0·1), and χ² test for the overall 
homogeneity.13 Substantial heterogeneity was defined 
as I² >50%. All tests were two-tailed, with alpha set 
at 5%. Publication bias was computed via Egger’s 
significance test.13

We conducted a series of sensitivity analyses to examine 
the effect of the case definition confidence (confident 
vs non-confident) and risk of bias (low vs moderate-high) 
on the overall estimates. Meta-regression was used to 
explore adjusting particular confounding variables on 
the prevalence estimates, particularly sex ratio, 
geographical location (using latitude and longitude), and 
study sample size.

In the case of limited studies to compute meta-
analytical estimates, we reported results following the 
synthesis without meta-analysis guidelines.16

Results
Our search retrieved a total of 45 477 entries. After 
removing duplicates (n=17 440), a total of 28 037 records 
were screened for title and abstracts against the eligibility 
criteria. 671 studies were excluded (figure 1; appendix 3 
p 1). A final sample of 28 longitudinal studies were 
included for qualitative analysis,17–44 four of which 
contributed quantitative data for both periodontitis and 
tooth loss.18,25,36,37

Of the 28 studies included (table; appendix 4 pp 1–4), 
most were conducted in Europe (n=10)18,23,26,29,36,38–42 and Asia 
(n=9);19–22,27,28,31,33,35 others were conducted in North America 
(n=5),25,30,34,37,44 Oceania (n=2),17,43 and South America 
(n=2).24,32 Most studies reported data from regional settings 
(n=11),18,23,25,27,29,30,32,33,35,39,41 followed by national 
(n=8)17,21,36,37,40,42–44 and local (n=8)19,20,22,24,26,31,34,38 settings, with 
one study not clarifying the geographical scope (n=1).28 
Most studies focused on population-based epidemiologic 
studies (n=22)17,18,20,21,23,25,27–37,39,41–44 rather than university 
clinic cohorts (n=6).19,22,24,26,38,40 With respect to diabetes 
classification, type 2 diabetes was the most reported 
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(n=15),18,23,25–31,33–37,41 followed by gestational diabetes 
(n=5),19,20,22,24,40 and type 1 diabetes (n=1).38 In seven studies, 
the diabetes type was undefined (n=7).17,21,32,39,42–44

The 28 included studies predominantly enrolled adult 
populations (89·3%, n=25), with ages typically ranging 
from 18 to 94 years. Most cohorts comprised mixed-sex 
populations, although several studies focused exclusively 
on women (focusing on gestational diabetes)19,20,22,24,40 
or men.29,33,37 Only one study included children or 
adolescents.38 Follow-up duration varied widely, from 
short-term pregnancy-related cohorts of approximately 
12 weeks to long-term population-based cohorts 
exceeding 20 years, with most studies following 
participants for 5–12 years. Socioeconomic position and 
ethnicity data were absent or inconsistently reported; 
when available, studies adjusted for socioeconomic 
indicators such as education or income, but detailed 
stratified analyses were uncommon.

Regarding diagnostic tests, fasting plasma glucose 
(FPG) was used in 11 studies and HbA1c in eight studies; 
three studies used both markers. Overall, 16 of the 
28 studies used at least one glycaemic biomarker (FPG 
or HbA1c), whereas the remaining studies relied on 

self-report, medical records, or diagnostic codes. Across 
core WHO oral outcomes, periodontal disease was the 
predominant endpoint (n=21), followed by tooth loss or 
edentulism (n=8) and dental caries (n=3); there were no 
studies concerning oral cancer.

No studies were categorised as low methodological 
quality. 71·4% of the studies (n=20) were judged as being 
of high methodological quality (ie, low risk of bias), 
while the remaining (28·6%, n=8) were of moderate 
methodological quality (ie, moderate risk of bias). The 
discriminative results are detailed in appendix 5 [p 1]). The 
most frequent sources of potential bias were related to 
representativeness of the cohort (39·3%, n=11), exposure 
ascertainment (35·7%, n=10), outcome assessment 
(32·1%, n=9), and completeness of follow-up (28·6%, 
n=8); confounder control and cohort comparability were 
consistently adequate (100%).

For periodontitis, 21 studies reported quantitative 
data: eight reported hazard ratio (HR) data,19,21,27–30,35,37 
nine reported risk ratio (RR) data,18,20,22,24,31–34,36 and 
four reported incidence rate ratio (IRR; appendix 2 
p 13).17,23,25,26

For analyses considering periodontitis status at baseline 
and newly incident cases of diabetes during follow-up, 
six studies reported HR data from longitudinal studies 
with a follow-up ranging from 5 to 20 years. Across for 
29 265 participants, pooled HR estimates indicated 
a 18–25% higher occurrence of newly incident type 2 
diabetes cases among individuals with periodontitis 
compared with those without periodontitis (figure 2A; 
appendix 2 p 14). Male to female ratio (estimate=0·401, 
SE=0·361, p=0·267) and geographical location (either 
with latitude [estimate=0·02, SE=0·01, p=0·106] or 
longitude [estimate=0·000, SE=0·001, p=0·632]) did not 
significantly influence the estimates, via meta-regression. 
The direction of this association is also corroborated by 
meta-analysis of RR (figure 2A; appendix 2 p 14). A higher 
effect size was found for studies reporting RR, but only 
using the severest staging reported (p=0·283; figure 2B). 
For the mildest degree of periodontitis plot and a 
summarised table, see appendix 2 (pp 14–15).

For analyses considering diabetes status at baseline 
and newly incident cases of periodontitis, three studies 
reported HR (50 167 participants) and three reported RR 
(6553 participants). The HR analysis yielded a pooled, 
adjusted estimate of 1·29 (95% CI 1·01–1·66), indicating 
considerable imprecision (appendix 2 p 14). The pooled 
RR analysis indicated a moderate association between 
diabetes and periodontitis (RR 1·28 [95% CI 1·00–1·64]), 
with moderate heterogeneity differences between the 
studies (I²=31%; figure 2C).

When examining IRRs for periodontitis status at 
baseline and diabetes incidence (n=11 971) a pooled rate 
of 0·97 (95% CI 0·74–1·28; appendix 2 p 15) suggested 
a very small and not significant effect (p=0·8464).

For gestational diabetes (n=4327), pregnant women 
with periodontitis at baseline showed higher newly 

Figure 2: Association between periodontitis and diabetes
(A) Forest plot of the association between periodontitis and incident diabetes expressed as HRs, using the severest 
degree (most severe periodontitis category reported within each study) of periodontitis reported. (B) Forest plot 
of the association between periodontitis and diabetes expressed as RRs, using the severest degree of periodontitis 
reported. (C) Forest plot of the association between diabetes and periodontitis expressed as RRs, using the severest 
degree of periodontitis reported. Pooled effect estimates were calculated using random-effects (mixed-effects) 
meta-analysis. Squares represent study-specific estimates (size proportional to weight), horizontal lines indicate 
95% CIs, and diamonds represent pooled effects. Heterogeneity statistics (I², τ², and p values) are presented for 
each analysis. HR=hazard ratio. RR=risk ratio.
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incident gestational diabetes cases during pregnancy 
(RR 1·90 [95% CI 1·07–3·37], p=0·0280; appendix 2 p 15).

For dental caries, three longitudinal studies were 
included.38–40 Owing to substantial clinical and method­
ological heterogeneity, quantitative pooling was not 
appropriate, and findings were synthesised narratively 
(detailed in appendix 2 [p 16]). Two cohort studies 
reported that poorer glycaemic control at baseline was 
associated with greater incidence or progression of caries 
over time, whereas individuals with well controlled 
diabetes showed caries trajectories comparable to those 
without diabetes.38,39 Individuals with well controlled 
diabetes showed caries trajectories similar to those 
without diabetes. In contrast, one smaller follow-up 
study of women with previous gestational diabetes found 
no adverse differences in caries.40

For tooth loss and edentulism, eight studies were 
included both in the qualitative and quantitative 
analysis.18,25,36,37,41–44 Three studies registered missing 
teeth based on self-reports from participants37,41,43 and 
five studies registered missing teeth based on clinical 
assessment.18,25,36,42,44

Meta-analyses of HR (226 866 participants) indicated 
a higher hazard of incident diabetes among people with 
higher tooth loss than those with lower tooth loss, with 
pooled estimates corresponding to 12% (95% CI 8–16) 
using the lowest threshold of tooth loss and 20% (14–26) 
using the highest threshold of tooth loss (figure 3A; 
appendix 2 p 17).

For analyses considering edentulism at baseline and 
diabetes incidence, edentulous participants experienced 
a higher occurrence of newly diagnosed diabetes cases 
compared with dentate individuals (RR 1·30 [95% CI 
1·02–1·64], p=0·0329; figure 3B), with low heterogeneity 
(I²=6·3%) and minimal variability between studies 
(τ²<0·0001).

Conversely, for diabetes at baseline and newly incident 
cases of tooth loss, Jimenez et al reported a significant 
association of 1·09 (95% CI 1·01–1·18), despite the the 
lack of more studies to compute pooled estimates.

There were no longitudinal studies available to produce 
synthesis on oral cancer.

Discussion
This meta-analysis of 28 longitudinal studies—
encompassing over 300 000 participants from 16 different 
countries—is, to the best of our knowledge, the first to 
produce pooled estimates for the bidirectional association 
of diabetes and core WHO oral diseases. Individuals 
with diabetes have a higher incidence of new cases 
of periodontitis and edentulism than those without 
diabetes, most commonly periodontitis and tooth loss. In 
pooled analyses, having diabetes was associated with 
a 28% increased RR of having periodontitis and 
a 12–20% increased HR of experiencing tooth loss. 
Individuals with periodontitis had a 18–25% increased 
risk of developing diabetes than those without 

periodontitis during a range of 5–20 years of follow-up, 
and edentulous individuals had a 30% higher risk of 
developing diabetes than dentate individuals. Although 
elucidating mechanisms was not the primary aim of this 
review, these bidirectional associations are probably 
mediated by chronic low-grade inflammation, dysreg­
ulated immune responses, and shared risk factors that 
link periodontal inflammation with systemic glucose 
imbalance.7,8 In summary, these two-way associations 
suggest that linking oral and systemic health data could 
enhance how we predict diseases and shape public health 
strategies. Evidence for dental caries was scarce; however, 
available data suggest that caries progression was more 
consistently observed among individuals with poorer 
glycaemic control.38,39 This finding is in line with previous 
evidence showing an association between elevated HbA1c 
concentrations and caries, measured through decayed, 
missed, and filled teeth index.45

A previous systematic review found that diabetes was 
associated with an increased risk of onset or progressive 
periodontitis (RR 1·86 [95% CI 1·30–2·80]).15 Although 
our findings are directionally consistent with this previous 
evidence, we focused on primary studies reporting HRs or 
RRs, and uniquely assessed bidirectional associations 
across core WHO oral health outcomes. HRs and RRs 
can be comparable under highly constrained conditions 
(eg, identical follow-up periods and risk intervals); 
however, such assumptions are seldom satisfied. 
Consequently, in line with Cochrane’s methodological 
guidance,13 pooling these measures would violate key 
assumptions and impair interpretability; therefore, HRs 
and RRs were analysed separately in our study.

Previous evidence also supported an association 
between tooth loss and diabetes.46,47 However, both 

Figure 3: Association between tooth loss and edentulism with diabetes
(A) Forest plot of the association between tooth loss and diabetes expressed as HRs, considering the highest 
thresholds of tooth loss reported. Highest threshold refers to the most severe tooth loss category reported within 
each study. (B) Forest plot of the association between edentulism and diabetes expressed as RRs. Pooled effect 
estimates were calculated using random-effects (mixed-effects) meta-analysis. Squares represent study-specific 
estimates (size proportional to study weight), horizontal lines indicate 95% CIs, and diamonds represent pooled 
effects. Heterogeneity statistics (I², τ², and p values) are presented for each analysis. HR=hazard ratio. RR=risk ratio.
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syntheses included observational designs without 
restricting to longitudinal evidence, assessed diabetes 
only as an exposure, and did not examine edentulism or 
explore the reverse causal pathway. Both studies explored 
the effect of diabetes on tooth loss, but none focused 
also on edentulism. Weijdijk and colleagues46 reported 
a higher risk of tooth loss among people with diabetes 
(RR 1·63 [95% CI 1·33–2·00], p<0·00001) than those 
without diabetes and Ahmadinia and colleagues47 reported 
a similar effect (1·29 [1·07–1·51]) when analysing cohort 
studies. In our review, we doubled the number of eligible 
studies compared with the previous two studies,46,47 
focused exclusively on prospective longitudinal designs, 
and were able to evaluate both directions of the 
association. The results show that not only is diabetes 
associated with a higher incidence of tooth loss over time, 
edentulism is also associated with a higher incidence of 
new cases of type 2 diabetes. Although evidence suggests 
that socioeconomic inequalities might amplify the risk of 
complete edentulism among people with type 1 and type 2 
diabetes,47 none of the included studies reported 
socioeconomic indicators, warranting their inclusion in 
future research.

For dental caries, limited longitudinal evidence 
suggests that poorer metabolic control in people with 
diabetes might be associated with greater caries 
progression. However, these associations should be 
interpreted cautiously, as glycaemic control might act 
as a proxy for broader behavioural, dietary, and health 
care-related factors that also influence caries risk. In 
children and adolescents with type 1 diabetes38 and in 
adults followed up over 11 years,39 higher HbA1c values 
were associated with a greater increase in caries 
surfaces over time, whereas those with good metabolic 
control at baseline did not show this progression. The 
body of evidence was heterogeneous and did not 
support meta-analysis, but collectively it suggests 
that diabetes metabolic control might play a more 
substantial role in oral health outcomes than the mere 
presence or history of diabetes. However, these 
preliminary results require further longitudinal 
investigation.

This review reinforces that diabetes and oral diseases 
should not be managed in isolation. Incorporating oral 
health assessments into diabetes management can 
enhance patient outcomes, and screening for diabetes 
risk during dental visits offers an additional opportunity 
for early detection. Implementing interdisciplinary care 
models connecting oral health care, primary care, and 
diabetes care can help reduce complications, improve 
metabolic outcomes, and support WHO’s goals for 
prevention and management of non-communicable 
diseases.48,49

This study has several strengths and limitations that 
are crucial to consider when interpreting the findings. 
The meta-analysis focused exclusively on longitudinal 
studies, which might contribute to maximising inference 

and minimising reverse causation. Although residual 
confounding cannot be entirely ruled out, such an 
approach helps reduce, but does not eliminate, these 
effects. The bidirectional assessment is a novel and 
important finding, based on gold-standard and rigorous 
approaches, including duplicate screening, extraction 
and quality assessment with excellent inter-examiner 
agreement, and builds upon lessons learned from 
a previous umbrella review.5 Methodological consider­
ations were transparently addressed through protocol 
pre-registration, external review, and comprehensive 
reporting, thereby reducing reporting bias and 
enhancing reproducibility. The inclusion of core WHO 
oral health outcomes spanning all four major oral 
diseases strengthens the comprehensiveness of this 
study. Additionally, this research draws on a large, 
geographically diverse evidence base comprising over 
300 000 participants from 16 countries, thereby 
improving the generalisability of the findings.

However, several limitations must be acknowledged. 
There were very heterogeneous diagnostic criteria for both 
diabetes (self-report vs FPG vs HbA1c), periodontitis 
(multiple case definitions), and caries (decayed, missed, 
and filled teeth index inconsistencies). In addition, self-
reported diabetes or tooth loss in some studies might have 
introduced measurement error. There was a small number 
of caries studies and no eligible prospective longitudinal 
evidence on oral cancer. There was also a diversity of the 
effect measures (HR, RR, odds ratio) across studies and, 
as discussed previously, combining them would be 
statistically inappropriate. Most included studies reported 
effect estimates from multivariable-adjusted models 
accounting for major shared risk factors (including age, 
sex, and smoking). Nevertheless, residual or unmeasured 
confounding cannot be fully excluded. Also, data on 
metabolic control were scarce, which prevented pooled 
estimation of the effect of glycaemic control on oral health 
outcomes. Despite these limitations, the consistency of 
associations across populations, analytical approaches, 
and temporal directions supports the robustness of the 
findings. In addition, for some outcomes, no longitudinal 
evidence was identified, reflecting a gap in prospective 
research rather than the exclusion of eligible studies. 
Although cross-sectional data exist, restricting to longitu­
dinal data aimed to preserve temporal inference. It is 
important to mention that most included studies were 
conducted in high-income countries. This under-
representation of socially and geographically diverse 
populations highlights an important gap and underscores 
the need for longitudinal studies in low-income and 
middle-income settings. Importantly, data could not be 
disaggregated by gender or ethnicity, thus our estimates 
could not account for these possible confounding factors.

In conclusion, prospective longitudinal evidence 
indicates associations between diabetes and periodontitis 
in both directions, although the strength of evidence 
is asymmetric. Diabetes was also associated with 
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subsequent tooth loss and vice-versa, whereas edentulism 
was associated with higher incidence of new cases of 
diabetes. Longitudinal research remains scarce for dental 
caries and absent for oral cancer. Integrating oral health 
within diabetes prevention and management represents 
an important public health opportunity to address these 
inter-related conditions.
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