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Association of tooth loss with morbidity
and mortality by diabetes status in older
adults: a systematic review
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Abstract

Objective: This systematic review assesses the association of tooth loss (TL), as the exposure, with morbidity and
mortality by diabetes mellitus (DM) status, as the outcome, in older adults.

Background: Individuals with DM have higher prevalence of severe TL and increased risk of developing morbidities and
mortality. No systematic review has evaluated the association between TL with morbidity and mortality by DM status.

Material and methods: Comprehensive searches used multiple publication databases containing reports published
between 01/01/2000 and 04/21/2021. Two authors independently evaluated included studies for quality and risk of bias
using the Critical Appraisal Skills Programme (CASP) checklist for cohort and Center for Evidence-Based Medicine (CEBM)
critical appraisal sheet for cross-sectional studies, while a third author arbitrated decisions to resolve disagreements.

Results: Thirteen studies met the inclusion criteria: eight cross-sectional and five cohort. Qualitative review of the included
studies indicated TL is associated with increased incidence and prevalence of DM. TL is also associated with DM-related
morbidities including greater prevalence of heart disease, diabetic retinopathy, metabolic syndrome; poorer health-
related quality of life; poorer survival of participants with chronic kidney disease; and increased medical expenditure.
Overall, the quality of the evidence reviewed was medium, as per the Oxford Centre for Evidence-Based Medicine 2011
Levels of Evidence.

Conclusions/practical implications: This review found significant associations of TL with prevalence and incidence of
DM and adverse DM-related outcomes. An interprofessional team-care approach that includes an oral health
component could benefit the prevention and management of DM.

Keywords: Tooth loss, Functional dentition, Tooth retention, Number of teeth, Edentulism, Diabetes, Morbidity,
Mortality, Older adults

Introduction
The World Health Organization (WHO) defines Healthy
Ageing “as the process of developing and maintaining
the functional ability that enables wellbeing in older
age.” [1] WHO anticipates the number of people over

the age of 60 years will double by 2050, and significant
societal changes are required to ensure members of the
elderly population live healthy lives [2]. Severe tooth loss
(TL), defined as having fewer than nine remaining per-
manent teeth, and edentulism are among the leading ten
causes of years lived with disability (YLD) for some
high-income countries due to their aging populations
[3]. One of the objectives of Healthy People 2030 (OH-
05) is to “Reduce the proportion of adults aged 45 and
older who have lost all of their natural teeth.” [4].
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The United States (U.S.) has wide variation in the percent-
ages of the population aged 65 and older who are edentu-
lous, from a low of 13.9% in Hawaii to a high of 47.9% in
West Virginia [5]. While an overall reduction occurred for
both partial and total TL among adults aged 65 years and
older between 1999 and 2004 and between 2011 and 2016
in the U.S., disparities between low- and higher-income
adults persisted [6, 7]. Evidence shows cumulative exposure
to dental caries and its sequelae, and severe periodontitis are
the major reasons for TL in adults [8–10]. Older adults and
people with diabetes mellitus (DM) are at higher risk of TL
[11, 12]. Literature supports the bidirectional relationship
between DM and periodontitis such that persisting hyper-
glycemia affects periodontitis, [13, 14] while periodontitis af-
fects glycemic control [15, 16]. As a local chronic
inflammatory disease responding to a pathogenic bacterial
biofilm with host-derived inflammatory mediators and in-
flammatory cells contributing to destruction of bone and
soft tissues supporting the teeth, as stated previously, severe
periodontitis can lead to tooth loss. Evidence suggests
periodontitis-associated inflammatory mediators enter the
systemic circulation and contribute to an elevated systemic
inflammation that leads to insulin resistance and subsequent
poorer glycemic control [17]. Hyperglycemia, a consequence
of poor glycemic control, contributes to microvascular and
macrovascular changes and impaired wound healing in the
periodontal tissues. Hyperglycemia also leads to non-
enzymatic glycation of proteins and lipids that form glyca-
tion end-products (AGEs). These AGEs exacerbate sus-
tained periodontal inflammation, impair periodontal tissue
repair and result in additional periodontal tissue destruction
and potential tooth loss [18].
Diabetes mellitus is a global health problem affecting

463 million people aged 20–79 years in 2019, projected to
rise to 700 million by 2045 [19]. In 2018 estimates were
that 26.8% of the U.S. population aged 65 years and older
had DM (diagnosed and undiagnosed) [20, 21]. Health ex-
penditures in 2019 associated with DM were 760 billion
USD worldwide [19]. Blood glucose levels begin to have
an impact on morbidity and mortality even below the
diagnostic threshold for DM, [22] and DM, along with
higher-than-optimal blood glucose, were responsible for
4.2 million deaths [19] worldwide in 2019, many of which
were preventable. A recent Centers for Disease Control
and Prevention (CDC) report states the prevalence of se-
vere TL (having fewer than nine remaining teeth) was
≥50% higher for adults with uncontrolled diabetes than
for those who did not have the condition [23]. While TL
is often considered a proxy measure for periodontitis in
adults, conclusive evidence for the mechanism by which
TL can contribute to the incidence and prevalence of sys-
temic diseases such as DM is lacking [24–26].
A recent systematic review and meta-analysis suggests the

exposure of metabolic syndrome (a cluster of conditions that

increases the risk of developing cardiovascular disease
(CVD) and type 2 DM) is associated positively with the out-
come of TL among adults [27]. Additionally, a dose-
response meta-analysis suggests TL was associated with cor-
onary heart disease, [28] stroke risk increments, [28] and sus-
ceptibility to all-cause mortality (except for circulatory
mortality) [29]. Generally, individuals with type 2 DM are at
a higher risk of developing CVD [30, 31] and are 2- to 4-fold
more likely to die from some form of CVD [32, 33]. Despite
the apparent importance of this topic, to our knowledge, no
systematic review has evaluated the association between TL
and DM status with TL as the exposure. Therefore, this sys-
tematic review poses the following question: Is there an asso-
ciation of TL with morbidity and mortality by DM status in
older adults? The purpose of this systematic review will be
to summarize the current status of the existing evidence
comprising the knowledge-base on this topic.

Methodology
Search strategy
This systematic review used the Preferred Reporting Items
for Systematic Review and Meta-Analysis (PRISMA) [34]
and the Population Exposure Comparison Outcome (PECO)
framework to generate the research question and justify the
eligibility for study inclusion criteria. Two authors (KR and
PT) conducted comprehensive literature searches in
PubMed, Embase, CINAHL (search limited to academic
journal articles), and Web of Science for articles published
from January 1, 2000, until April 21, 2021. The searches in-
cluded both keywords and index terms (MeSH or Emtree
vocabularies), which were specific to the individual database.
Terms for tooth loss were combined with terms related to
diabetes, morbidity, mortality, and aging. Table 1 lists the
full search strategies for all databases used.

Inclusion and exclusion criteria
The inclusion criteria were studies designed as cross-
sectional, case-control, cohort, and controlled trials in
the English language, that assessed the association be-
tween TL (as the exposure) and morbidity and mortality
by DM status (as the outcomes) in adults aged 50 years
or older. While the literature arbitrarily defines the age
criterion for older adults with 60 or 65 years old as the
cutoff, this review extended the age criterion to
maximize the number of studies included.
The exclusion criteria were studies conducted in animals,

case reports, comments on articles, narrative reviews, and
abstracts published in journal supplements; studies con-
ducted in people younger than 50 years; studies in which
the investigators did not assess the association between TL
and morbidity and/or mortality by DM status; studies in
which the investigators did not evaluate the exposure (TL)
or outcome of interest (morbidity or mortality related to
DM); and studies lacking data on TL and DM.

Raju et al. BMC Endocrine Disorders          (2021) 21:205 Page 2 of 16



Data extraction
To identify and sort studies according to the eligibility cri-
teria, the authors used the systematic review tool Rayyan
[35]. For calibration, three authors (KR, SH, and GT) indi-
vidually screened 100 randomly chosen abstracts (using a
random number generator [36]). The three authors dis-
cussed which abstracts to include, exclude, and any dis-
agreements until achieving consensus. Author KR
subsequently reviewed all 1089 abstracts; 930 were ex-
cluded, 104 included, and 55 had decisions deferred until
further discussion. The three authors reviewed the in-
cluded and deferred-decision abstracts to reach consensus,
resulting in a full manuscript review for 38 shortlisted
studies. Data extracted from all studies included: study
characteristics (authors, year of publication, country, set-
ting, study design, follow-up period for cohort studies);
population characteristics (sample size, sampling method,
participants’ age); measurement criteria (determination of
number of teeth, diagnostic criteria for DM-associated
outcomes); confounders; and results (statistical signifi-
cance criterion, confidence interval, main conclusions).

Quality assessment
Two authors (KR and SH) reviewed and appraised all in-
cluded studies using the Critical Appraisal Skills
Programme (CASP) Checklist for Cohort Studies [37] and
Center for Evidence-Based Medicine (CEBM) Critical Ap-
praisal of a Cross-Sectional Study (Survey) [38]. The au-
thor GT arbitrated decisions where there was
disagreement in the full-text reviews. The Oxford Centre
for Evidence-Based Medicine 2011 Levels of Evidence
table was used to assess the quality of evidence [39].

Meta-analysis
Measurement heterogeneity for the tooth loss exposure
and diabetes/diabetes-related outcomes was not condu-
cive for performing a meta-analysis.

Results
Results of the search
The initial search identified 1405 articles - 420 papers from
PubMed, 498 from Web of Science, 424 from Embase, and
63 from CINAHL databases. The Embase search yielded
1860 articles; however, Embase includes both original
Embase content and PubMed content; therefore, PubMed
references imported into Embase were eliminated before
exporting the Embase-only references. After removing dupli-
cates using Zotero 5.0.83 version, [40] 1102 articles
remained, and Rayyan [41] identified a further 13 duplicates.
A review of the remaining 1089 titles and abstracts yielded
38 potentially eligible studies. The Figure presents the
PRISMA flow diagram and describes the process for study
selection with the reasons for the exclusion of 25 of 38 po-
tentially eligible studies Fig. 1.

Description of the included studies
All 13 included articles were observational studies (Tables 2
and 3). Of these, 8 were cross-sectional, and 5 were cohort
designs. Three studies were conducted in the U.S.A. [44, 46,
53], 3 in Korea [48–50], 3 in Japan [42, 47, 52], 2 in Finland
[24, 43], 1 in Norway [45], and 1 using global data [51].

Results of individual studies
Tables 2 and 3 summarize the results of the included co-
hort and cross-sectional studies, respectively.

Diabetes incidence and prevalence outcomes
Studies with DM incidence as the outcome concluded miss-
ing ≥ 25 teeth [44] (Odds Ratio [OR] 1.7, p < 0.05) and ≥ 9
teeth [24] (Hazard Ratio [HR] 1.37; 1.02,1.86) were signifi-
cantly associated with an increased incidence of DM. Studies
with DM prevalence as the outcome showed bite instability,
[47] (OR 4.45; 1.43,13.88), and missing ≥ 8 teeth [50] (OR
1.74; 1.35,2.27) were significantly associated with a greater
prevalence of DM. One study found a significant linear trend
(p= 0.032) for TL and the prevalence of prediabetes, [50]
but the associations with individual categories for missing

Table 1 Specific keywords and index terms used in database searches

Database Keywords and Index Terms

PubMed (“Tooth Loss”[MeSH] OR “tooth loss” OR “dentition status” OR “functional dentition” OR “tooth retention” OR “number of teeth” OR
edentulism OR “functional units”) AND (“Diabetes Mellitus/mortality”[MeSH] OR “glycemic control” OR diabetes OR (diabetes AND
(mortality OR morbidity))) AND (“Aged”[MeSH] OR aged OR aging OR elder OR elderly OR geriatric OR “older adult” OR “dependent older”)

Web of
Science

(“tooth loss” OR “dentition status” OR “functional dentition” OR “tooth retention” OR “number of teeth” OR edentulism OR “functional
units”) AND (“glycemic control” OR diabetes OR (diabetes AND (mortality OR morbidity)) AND (aged OR aging OR elder OR elderly OR
geriatric OR “older adult” OR “dependent older”)

Embase (‘tooth loss’/exp. OR ‘tooth loss’ OR ‘dentition status’ OR ‘functional dentition’ OR ‘tooth retention’ OR ‘number of teeth’ OR
‘edentulism’/exp. OR edentulism OR ‘functional units’) AND (‘diabetes mellitus’/exp. OR ‘glycemic control’/exp. OR (diabetes AND
(‘mortality’/exp. OR ‘mortality’))) AND (‘aged’/exp. OR aged OR ‘aging’/exp. OR aging OR elder OR ‘elderly’/exp. OR elderly OR
‘geriatric’/exp. OR geriatric OR ‘older adult’/exp. OR ‘older adult’ OR ‘dependent older’)

CINAHL (“tooth loss” OR “dentition status” OR “functional dentition” OR “tooth retention” OR “number of teeth” OR edentulism OR “functional
units”) AND (“glycemic control” OR diabetes OR (diabetes AND (mortality OR morbidity)) AND (aged OR aging OR elder OR elderly OR
geriatric OR “older adult” OR “dependent older”)
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teeth were not significant. Another study reported the preva-
lence of DM decreased by 11% when comparing a higher
(no teeth) to a lower tooth loss level (1–14 teeth) [51].

Diabetes-related outcomes
A study showed HbA1c was inversely correlated (rho −
0.275, p = 0.006), while HDL cholesterol was positively cor-
related (rho 0.202, p= 0.048) with the number of remaining
teeth in older adults with DM [52]. Included studies indi-
cated TL was associated with greater prevalence of diabetic
retinopathy (OR 4.27; 1.38,13.19) [49] and metabolic syn-
drome (OR 1.45; 1.10,1.91) [48] while greater numbers of
healthy teeth was associated with lower prevalence of heart
disease in participants both with and without DM (OR
0.960; 0.926,0.998) [46]. One study reported missing any
teeth was significantly associated with worse health-related
quality of life (HRQOL) in older U.S. adults who had DM
(OR 1.25; 1.13,1.37) [53]. Additionally, a study reported par-
ticipants with chronic kidney disease (CKD) and > 25
remaining teeth had a significantly lower hazard of mortality
than those with ≤ 25 remaining teeth, after controlling for
diabetic nephropathy (n= 52) vs. other types of CKD (n=
92) and age [43]. However, another study concluded the
number of teeth was not a significant predictor of mortality
in men with DM [45]. Patients with DM aged 50–59 years
who had 5–9 teeth incurred the highest average public
health expenditure while patients with 28 or more teeth in-
curred low average public health expenditure [52]. However,
among patients with DM aged 60–74 years, the more teeth

they had the fewer medical expenses incurred except for fe-
males aged 70–74 years [42].

Risks of bias in included studies
Tables 4 and 5 provide a detailed summary of the risk of
bias for included cohort and cross-sectional studies using
CASP [37] and CEBM [38] quality appraisal approaches.
Loss to follow-up (LTF) exceeding 20% can pose serious

threats to external validity [54]. One study reported 35%
LTF over 12.5 years, [45] and 1 study did not report the LTF
[24]. Selection bias was a risk for 2 studies that used con-
venience samples, [47, 52] 1 that used a consecutive sample,
[46] 3 that recruited participants through telephone inter-
view, [44, 50, 53] 1 did not describe the participant inclu-
sion/exclusion criteria, [52] and another did not include
women [45]. Additionally, measurement bias was present in
some studies that identified DM status via self-report, [44]
electronic health records, [45] national registries of death,
[43–45] drug reimbursement, [24, 42] and hospital discharge
diagnosis [24, 44]. Moreover, studies used different categor-
ies for the number of missing or remaining teeth, and the
denominator for a full dentition varied between 28 and 32
teeth. Five studies, [24, 42, 45, 51, 53] included third molars,
which might lead to non-differential misclassification and
may result in an underestimate of the strength of association
between TL and DM-related outcomes. Further, some stud-
ies involved a self-reported number of missing teeth [51, 53]
or did not include edentulous participants [42] which also
may lead to non-differential misclassification. Many studies
mentioned that trained clinicians conducted the oral

Fig. 1 PRISMA flow diagram for selecting studies for inclusion in systematic review
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examinations, but did not report the intra- or inter-rater re-
liability, [24, 44, 46, 48, 49] while others did not provide any
information regarding examiner training or calibration [43,
45, 47, 52]. In 1 study, trained nurses counted the number
of missing teeth but were not trained to distinguish natural
teeth from, for example, bridge pontics or dental implants,
which raised the probability of misclassification bias [24].
Most of the studies did not control for potential con-
founders such as dental care utilization, daily oral hygiene
practices, alcohol use, prescription use of DM medication,
and duration of DM.

Discussion
The studies included in this systematic review indicated a
significant association between TL and the incidence [24,
44] and prevalence [50, 51] of DM. Studies showed older
adults with DM and substantial TL had significantly
greater prevalence of heart disease, [46] diabetic retinop-
athy, [49] metabolic syndrome, [48] poorer HRQOL [53],
and greater medical expenditure [42]. One study found
TL was associated with a higher hazard of mortality in
participants with CKD [43]. However, another reviewed
study found the number of teeth did not significantly pre-
dict mortality in men with DM [45]. The strength of the
evidence found in this systematic review can be assessed
using the Bradford Hill criteria [55] as a framework.

Biological plausibility
Knowledge is sparse regarding mechanisms directly related
to the association of TL with morbidity and mortality by
DM status in older adults. In addition to the subsequent
host response, oral bacterial colonization can cause chronic
inflammation of tooth-supportive tissues, resulting in peri-
odontitis and subsequent TL, [24] as well as more distal,
chronic systemic inflammation as indicated by elevated
levels of high sensitivity C-reactive protein (hs-CRP) [56].
Hs-CRP measures the general systemic level of inflamma-
tion, plays a significant role in diabetogenesis [57–60] and is
a strong independent predictor of death in people with DM
[61–65]. Moreover, literature proposes that periodontal mi-
crobial species and systemic dissemination of bacterial prod-
ucts migrate to distant organs and promote systemic
disorders [56, 66, 67]. Additionally, activation of the acute-
phase response in the liver and peripheral blood leukocytes
results in metastatic periodontal inflammation that causes
systemic inflammation leading to oxidative stress, a signifi-
cant determinant of chronic inflammation [56]. However,
these proposed disease mechanisms are models rather than
well-established pathways.
Tooth loss as a proxy for severe periodontitis might play

an epidemiologically confusing role in the evaluation of a
systemic disease hypothesis [24–26]. In addition to being
the result of long-term severe periodontitis, TL may be
caused by extractions due to dental caries, prosthetic or

orthodontic treatment reasons, trauma, or other causes [8–
10]. Reasons for TL were not recorded during oral examina-
tions for any of the included studies or were determined
from self-report, [51, 53] and some examiners were not
trained to distinguish between natural teeth and implants or
pontics, [24] which introduces misclassification bias. There
is no universal agreement for the definition of a functional
dentition. One concept considers the number of opposing
natural or prosthetic tooth pairs (i.e. functional units), [68]
however no minimum number of functional units defined a
functional dentition. A more specific definition of a func-
tional dentition involves the presence of 21 or more per-
manent teeth (excluding third molars), [69] or 20 or more
retained teeth [70]. Moreover, the studies in this review used
different categories for grouping the number of missing or
remaining teeth and the denominator for a full dentition
varied between 28 and 32 teeth.

Biologic gradient
Number of missing teeth measured by an interval or or-
dinal scale was associated with significantly poorer DM-
related outcomes for some studies included in this review,
[42, 46, 51–53] while other studies exhibited a biologic
gradient between extent of TL and DM-associated out-
comes [24, 44]. For some studies a threshold of TL ap-
peared to be needed in order to significantly impact DM-
related outcomes [24, 43, 44, 50]. Dose–response curves
are often non-linear and can vary in shape from one study
to the next depending on the unique characteristics of the
given population, individual susceptibility, and synergistic/
antagonistic effects of cumulative exposures [55].

Consistency
All studies included in this review, except one, [45] consist-
ently demonstrated a significant association between TL and
DM-related outcomes in older adults. This review’s finding
that retained teeth is inversely correlated with HbA1c in
older adults with DM [50, 52] is consistent with previous
studies reporting people with high HbA1c have poorer peri-
odontal health and fewer teeth than those without DM [12,
71]. This review also bolstered the findings of studies con-
ducted to explore the relationship between TL and meta-
bolic syndrome [72–74]. The findings of this review are
consistent with previous evidence indicating a significant as-
sociation between periodontitis and DM-related complica-
tions such as diabetic retinopathy [75, 76]. The findings of
an included study in this review regarding DM in partici-
pants with coronary heart disease are consistent with a re-
port in the literature that individuals with CVD who were
edentulous or with few remaining teeth had a higher preva-
lence of DM than participants with many teeth [77]. Add-
itionally, this review supports the evidence concluding an
association between TL and incidence of CVD among indi-
viduals with DM [78, 79]. The study included in this review
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regarding the association between TL and HRQOL in older
adults with DM, [53] is supported by previous evidence
reporting individuals with DM with fewer remaining natural
teeth scored lower in physical functioning and role function-
ing than did those with more retained natural teeth [80].
One included study [42] is the first to report the population-
level association between number of teeth and public health
expenditure in patients with DM, and supports the evidence
of increasing medical costs associated with DM among those
aged 65 years and older by 26% from 2012 to 2017 in the
U.S. which contributes to a growing economic cost to the
Medicare program [81].

Strength of the association
This review revealed a modest magnitude of association
between TL and DM or DM-related outcomes in studies
assessing greater TL (OR 1.23–1.74) [24, 44, 45, 48, 50,
53] and 1 study that assessed greater tooth retention (OR
0.89) [51]. Two studies reported medium-to-large associa-
tions between TL and DM prevalence (OR 4.45) [47] and
diabetic retinopathy (OR 4.27–8.73) [49]. Although the
modest associations were statistically significant and ad-
justed for some confounders, residual confounding could
have influenced the relationship between TL and DM-
related complications [55]. Diet is an example of a poten-
tial confounder that affects both TL [82] and type 2 DM
[83] but was not controlled for in most of the studies
reviewed. The most common missing confounders in the
studies were dental care utilization, daily oral hygiene
practices, socioeconomic status (SES), alcohol use, pre-
scription use of DM medication, and duration of DM.
As mentioned previously, criteria varied for the clinical

diagnosis of DM [42, 47, 49, 50]. The studies differential use
of exposure and outcome measurements could have influ-
enced the differences in strength of association. Further, the
onset and symptoms of DM occur gradually, [44] yet only 3
included studies adjusted for duration of DM, [46, 49, 52]
and 1 cohort study restricted the analysis to incident DM oc-
curring > 9 years after baseline [44]. Therefore, the duration
of DM should be considered in future studies to determine
whether the association between TL and DM-related out-
comes is confounded or modified by the duration of DM.

Temporality and experimental manipulation
Despite evidence supporting the bidirectional relationship
between DM and periodontitis such that persisting hyper-
glycemia affects periodontitis, [13, 14] while periodontitis
affects glycemic control, [15, 16] this current review indi-
cates relatively little is known regarding the association be-
tween TL and DM in older adults. This systematic review
found very few studies that met the inclusion criteria, the
majority of which were cross-sectional [46–53] and there-
fore unable to determine temporality of the TL exposure
and DM outcome. Similarly, no experimental studies have

included minimizing tooth loss as a potential intervention
for the prevention and/or treatment of DM.

Limitation
This review is not part of a registry for systematic re-
views and the protocol has not been published.

Conclusion
This systematic review indicates a significant association in
older adults between TL and the incidence and prevalence of
DM as well as several DM-related morbidities, mortality,
poorer health-related quality of life, and higher medical ex-
penditure. However, caution is necessary when considering
these findings due to the paucity of studies addressing this
topic and the overall medium level of the quality of the evi-
dence [39] due to the limitations in level of evidence (Levels 1
and 3) and observational designs of all studies reviewed. Ap-
plying the Bradford Hill criteria to the findings of this system-
atic review demonstrated biological plausibility and
consistency for the association between TL and DM. The re-
view found a statistically significant but modest level of associ-
ation between TL and DM-related outcomes, mixed results
for a biological gradient of TL associated with DM, limited
evidence of temporality for the association, and no evidence
from experimental studies. Closing knowledge gaps in the
evidence-base regarding associations between TL and DM sta-
tus in older adults will require high-quality longitudinal studies
that use trained and calibrated examiners, differentiate reasons
for TL, utilize a standard diagnostic criterion for DM, and rec-
ord the duration and management of DM. The addition of
oral health assessment and/or interventions to clinical trials of
prevention and treatment of DM could also strengthen the
evidence for an association between TL and DM outcomes.

Practical implications
The association of TL with the prevalence and incidence of
DM and adverse DM-related outcomes, as well as the role
of periodontitis as a major cause of TL and contributor to
chronic systemic inflammation calls for greater emphasis
on an interprofessional team-care approach to dental and
medical care of patients with DM. Increasing the awareness
of dentists and primary care providers about the possible
role of tooth loss with poorer health outcomes should be
prioritized. In addition to discipline-specific preventive and
therapeutic interactions with patients who have DM, dental
care providers should include broader DM-related medical-
care and self-care messaging in their patient assessments
and education, and medical care providers should include
oral health and dental care-related messaging during their
patient encounters. The CDC’s National Diabetes Educa-
tion Program provides informative resources that support
the concept of an interprofessional team-care approach to
lower the risk for DM-related morbidity and mortality in
people with DM [84, 85].
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Table 6 List of excluded studies

S.NO. REFERENCE REASONS FOR EXCLUSION

1. Kowall B, Holtfreter B, Völzke H, Schipf S, Mundt T, Rathmann W, et al. Pre-diabetes
and well-controlled diabetes are not associated with periodontal disease: the SHIP
Trend Study. J Clin Periodontol 2015;42:422–30. https://doi.org/10.1111/jcpe.12391.

Did not satisfy the inclusion criteria set for both
exposure and outcome

2. 2nd World Congress of Health Research: Viseu – Portugal, 7–8 October 2014. Aten
Primaria 2014;46:ii. https://doi.org/10.1016/S0212-6567(14)70066-6.

Conference Proceedings (no article available, only
abstract)

3. Zielinski MB, Fedele D, Forman LJ, Pomerantz SC. Oral health in the elderly with non-
insulin-dependent diabetes mellitus. Spec Care Dent Off Publ Am Assoc Hosp Dent
Acad Dent Handicap Am Soc Geriatr Dent 2002;22:94–8. https://doi.org/10.1111/j.
1754-4505.2002.tb01169.x.

Did not satisfy the inclusion criteria set for both
exposure and outcome

4. Aoyama N, Suzuki J-I, Kobayashi N, Hanatani T, Ashigaki N, Yoshida A, et al. Increased
Oral P. gingivalis Prevalence in Cardiovascular Patients with Uncontrolled Diabetes
Mellitus. Int Heart J 2018;59:802–7. https://doi.org/10.1536/ihj.17-480.

Did not satisfy the outcome criteria

5. Azogui-Levy S, Dray-Spira R, Attal S, Hartemann A, Anagnostou F, Azerad J. Factors as-
sociated with oral health-related quality of life in patients with diabetes. Aust Dent J
2018;63:163–9. https://doi.org/10.1111/adj.12577.

Did not explore the exposure

6. Botero JE, Yepes FL, Roldán N, Castrillón CA, Hincapie JP, Ochoa SP, et al. Tooth and
periodontal clinical attachment loss are associated with hyperglycemia in patients
with diabetes. J Periodontol 2012;83:1245–50. https://doi.org/10.1902/jop.2012.110681.

Did not satisfy the age criteria

7. Castillo R, Fields A, Qureshi G, Salciccioli L, Kassotis J, Lazar JM. Relationship between
aortic atherosclerosis and dental loss in an inner-city population. Angiology 2009;60:
346–50. https://doi.org/10.1177/0003319708319783.

Did not satisfy exposure and outcome criteria in the
regression analysis

8. Hyvarinen K, Salminen A, Salomaa V, Pussinen PJ. Systemic exposure to a common
periodontal pathogen and missing teeth are associated with metabolic syndrome.
Acta Diabetol 2015;52:179–82. https://doi.org/10.1007/s00592-014-0586-y.

Did not satisfy the outcome criteria

9. Iwasaki T, Fukuda H, Kitamura M, Kawashita Y, Hayashida H, Furugen R, et al.
Association between number of pairs of opposing posterior teeth, metabolic
syndrome, and obesity. ODONTOLOGY 2019;107:111–7. https://doi.org/10.1007/
s10266-018-0386-x.

Did not satisfy the outcome criteria

10. Kaur G, Holtfreter B, Rathmann W, Schwahn C, Wallaschofski H, Schipf S, et al.
Association between type 1 and type 2 diabetes with periodontal disease and tooth
loss (vol 36, pg 765, 2009). J Clin Periodontol 2009;36:1075–1075. https://doi.org/10.
1111/j.1600-051X.2009.01483.x.

Did not satisfy the inclusion criteria set for both
exposure and outcome

11. Oliveira EJP, Rocha VFB, Nogueira DA, Pereira AA. Quality of life and oral health
among hypertensive and diabetic people in a Brazilian Southeastern city. Cienc Saude
Coletiva 2018;23:763–72. https://doi.org/10.1590/1413-81232018233.00752016.

Poorly translated and the results table did not clearly
distinguish the participants who had DM

12. Oluwagbemigun K, Dietrich T, Pischon N, Bergmann M, Boeing H. Association
between Number of Teeth and Chronic Systemic Diseases: A Cohort Study Followed
for 13 Years. PloS One 2015;10:e0123879. https://doi.org/10.1371/journal.pone.0123879.

Did not satisfy the age criteria

13. Patel MH, Kumar JV, Moss ME. Diabetes and tooth loss: an analysis of data from the
National Health and Nutrition Examination Survey, 2003–2004. J Am Dent Assoc 1939
2013;144:478–85. https://doi.org/10.14219/jada.archive.2013.0149.

Did not satisfy exposure and outcome criteria in the
regression analysis

14. Watanabe Y, Hirano H, Arai H, Morishita S, Ohara Y, Edahiro A, et al. Relationship
Between Frailty and Oral Function in Community-Dwelling Elderly Adults. J Am Geriatr
Soc 2017;65:66–76. https://doi.org/10.1111/jgs.14355.

Did not satisfy the inclusion criteria set for both
exposure and outcome

15. Maupome G, Gullion CM, White BA, Wyatt CCL, Williams PM. Oral disorders and
chronic systemic diseases in very old adults living in institutions. Spec Care Dent Off
Publ Am Assoc Hosp Dent Acad Dent Handicap Am Soc Geriatr Dent 2003;23:199–
208.

Did not satisfy the inclusion criteria set for both
exposure and outcome

16. Campus G, Salem A, Uzzau S, Baldoni E, Tonolo G. Diabetes and periodontal disease: a
case-control study. J Periodontol 2005;76:418–25. https://doi.org/10.1902/jop.2005.76.
3.418.

Did not satisfy the age, exposure, and outcome
criteria

17. Aoyama N, Suzuki J-I, Kobayashi N, Hanatani T, Ashigaki N, Yoshida A, et al. Japanese
Cardiovascular Disease Patients with Diabetes Mellitus Suffer Increased Tooth Loss in
Comparison to Those without Diabetes Mellitus -A Cross-sectional Study. Intern Med
Tokyo Jpn 2018;57:777–82. https://doi.org/10.2169/internalmedicine.9578-17.

Did not satisfy the inclusion criteria set for both
exposure and outcome

18. Hess G, Weber D, Kaltheuner M, Molinski M, Scheper N, Reuter HM, et al. Oral health
of patients with diabetes in specialized practices in Germany: An ignored issue?

Conference Proceedings (no article available, only
abstract)
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