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Population, Intervention/Exposure, Comparison, 
Outcome, and Study Design (PICOS) criteria: Popu-
lation (P) included adults aged ≥ 55  years; Interven-
tion/Exposure (I/E) involved overweight/obesity; 
Comparison (C) included normal-weight individuals; 
Outcomes (O) focused on periodontal diseases, den-
tal caries, tooth wear, and orofacial pain; and Study 
design (S) included case–control, cross-sectional, 
prospective, and retrospective cohort studies and 
randomized controlled trials. Eligible studies under-
went data extraction and quality assessment using 
the Newcastle–Ottawa scale. Meta-analyses were 
conducted using fixed and random effects models in 
Stata v.18. From 6219 records, 16 studies met the 
inclusion criteria. Among these, 14 focused on peri-
odontal diseases, while 2 examined dental caries. No 
studies met the eligibility criteria for tooth wear or 
orofacial pain. The included studies were predomi-
nantly of “good” or “very good” quality. Meta-anal-
ysis indicated that overweight or obese older adults 
had a significantly higher risk of periodontal disease 
compared with normal-weight counterparts (pooled 
odds ratio [OR] = 1.49; 95% confidence interval [CI] 
1.13–1.97). The association was stronger in studies 
conducted in Asia (OR = 2.21; 95% CI 1.28–3.81) 
and in mixed-sex populations (OR = 1.52; 95% CI 
1.02–2.28) compared with male-only samples. The 
two cross-sectional studies on dental caries yielded 
inconsistent findings, precluding a meta-analysis for 
this outcome. This systematic review demonstrates a 
significant association between overweight/obesity 

Abstract  The increasing prevalence of overweight/
obesity among the elderly has significant implica-
tions for oral health due to shared pathophysiologi-
cal mechanisms. Despite its importance, compre-
hensive reviews on this topic remain limited. This 
study investigates the association between over-
weight/obesity and oral health outcomes in adults 
aged 55 and older. This systematic review followed 
PRISMA guidelines and was registered with PROS-
PERO (CRD42020202108). A systematic litera-
ture search was conducted across PubMed, Embase.
com, CINAHL, and Web of Science up to Novem-
ber 6, 2023. The study was structured using the 
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and increased prevalence of periodontal disease in 
adults aged 55 and older. These findings underscore 
the need to consider oral health as a key component 
of general health in this population. The current evi-
dence base is insufficient regarding dental caries, 
tooth wear, and orofacial pain, highlighting the need 
for high-quality research in these domains.

Keywords  Systematic review · Periodontitis · 
Dental caries · Tooth wear · Orofacial pain · Obesity · 
Older adults

Introduction

In 2019, the United Nations reported a global average 
life expectancy of 72.6  years and projected that by 
2050, the population aged 65 and older will double to 
1.5 billion, accounting for one in six people globally 
[92]. Currently, more than 35% of individuals aged 65 
and older are obese (over 55% of black women), and 
if the trend continues, nearly half of the elderly popu-
lation in the USA will be obese by 2030 [98]. Addi-
tionally, the prevalence of overweight is alarmingly 
high, affecting 78.4% of men and 68.6% of women in 
this age group [24]. The upward trend in life expec-
tancy has raised concerns about the quality of these 
additional years, particularly as the prevalence of 
obesity continues to grow [65].

Body mass index (BMI) is the most commonly 
used metric to define overweight (BMI ≥ 25) and 
obesity (BMI ≥ 30) [20, 31, 102]. However, alterna-
tive indices, such as waist circumference (WC), waist-
to-hip ratio (WHR), and neck circumference (NC), 
may better predict health risks associated with excess 
weight [58, 97]. Studies have shown that these metrics 
correlate strongly with rising BMI and provide valu-
able insight into the systemic health consequences of 
overweight/obesity [22]. These conditions are associ-
ated with significant societal costs, reduced quality of 
life, and an increased risk of metabolic, cardiovascu-
lar, and inflammatory diseases [22, 36, 70]. Recog-
nizing their shared yet distinct health impacts, this 
study includes both overweight and obesity within its 
scope to comprehensively evaluate their relationship 
with oral health outcomes in older adults.

In older adults, the pathophysiological impact of 
obesity is more severe due to age-related adipose tis-
sue dysfunction, which exacerbates inflammation, 

insulin resistance, and metabolic syndrome [44, 82, 
91, 93]. Chronic low-grade inflammation in obese 
older adults has been linked to multimorbidity pat-
terns [1]. Additionally, systemic inflammation has 
been causally linked to oral health deterioration [33, 
90]. The pathophysiological mechanisms of obesity 
in older adults are complex, involving interactions 
between aging, hormonal changes (e.g., insulin, lep-
tin, sex hormones, and IGF-1), and vitamin D levels. 
Immune factors such as pro-inflammatory cytokines, 
oxidative stress, and mitochondrial dysfunction fur-
ther contribute, alongside lifestyle factors like diet, 
physical activity, and smoking, which compound the 
challenges of obesity in this population [95, 101]. 
The interplay between obesity and aging can cre-
ate synergistic effects, such as increased endothelial 
oxidative stress [91]. Oxidative stress has also been 
linked to oral health issues [13], with both aging and 
obesity recognized as significant risk factors for these 
problems. Khongsirisombat et al. reported that older 
individuals with overweight or obesity experience 
increased oral dryness and decreased oral health-
related quality of life (OHRQoL) compared to their 
normal-weight peers [43]. Similarly, a recent large 
population-based study on older adults linked nega-
tive OHRQoL—characterized by discomfort and 
disability resulting from oral conditions, particularly 
within the physical pain domain—with a higher like-
lihood of being obese, overweight, or underweight 
[16].

Advancements in dentistry have enabled more 
elderly individuals to retain natural teeth [56] or 
choose fixed restorations [40, 76]. Maintaining good 
oral health is essential for overall well-being [5]. 
Robust evidence clearly indicates that oral health is 
strongly associated with a spectrum of health out-
comes on physical, mental, and social fronts. This 
connection aligns with the broader concept of holistic 
health and significantly impacts the quality of life for 
elderly individuals [52]. Deteriorating oral health in 
older adults has been associated with increased mor-
tality, frailty, disability, reduced quality of life, hospi-
talizations, and falls, as well as with reduced quality 
of [15]. Additionally, elderly individuals with fewer 
teeth often consume more processed foods, height-
ening the risk of inadequate nutrition and obesity 
[37, 46, 66, 68]. Severe periodontal disease further 
exacerbates health and economic burdens, signifi-
cantly increasing inpatient and overall medical costs, 
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making it a potential target for reducing healthcare 
expenses in this population [74]. Understanding the 
social and economic impact of oral diseases is essen-
tial for developing effective interventions, particularly 
for addressing orofacial health problems in high-risk 
and vulnerable groups. However, there is a notable 
lack of systematic reviews or meta-analyses focusing 
on oral health issues in overweight/obese older adults. 
A meta-analysis offers the opportunity to synthesize 
findings from multiple studies, providing a clearer 
understanding of the issue and identifying knowledge 
gaps for future research.

The World Health Organization (WHO) and FDI 
World Dental Federation emphasize that oral health 
encompasses multiple dimensions, including self-care 
habits, oral hygiene, function, and mastication ability 
[29, 67]. In this meta-analysis, we selected periodon-
tal diseases, dental caries, tooth wear, and orofacial 
pain as indicators of oral health. We hypothesize that 
these conditions are more prevalent among over-
weight/obese older adults compared to their normal-
weight peers. To investigate this, we employed the 
Population, Intervention/Exposure, Comparison, Out-
come, and Study design (PICOS) criteria, addressing 
the question: What is the association between over-
weight/obesity and oral health problems in adults 
aged 55 and older?

Methods

Protocol and registration

This review adheres to the Preferred Reporting 
Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines [63]. The protocol 
was registered with the International Prospective 
Register of Systematic Reviews (PROSPERO; 
CRD42020202108). (https:// www.​crd.​york.​ac.​uk/​
prosp​ero/).

Eligibility criteria

Eligibility was determined using the Population, 
Intervention/Exposure, Comparison, Outcome, 
and Study design (PICOS) criteria. Studies consid-
ered for inclusion included case–control studies, 

cross-sectional studies, prospective and retrospective 
cohort studies, and randomized controlled trials.

The following criteria were applied:
Inclusion criteria:

–	 Population (P): Older adults (aged ≥ 55  years) 
of any sex, ethnicity, culture, race, or socio-
economic status, from developed or developing 
countries.

–	 Intervention/Exposure (I/E): Presence of over-
weight/obesity, determined by any metric such 
as body mass index (BMI), waist circumference 
(WC), waist-to-hip ratio (WHR), or neck cir-
cumference (NC).

–	 Comparison (C): Individuals without over-
weight/obesity.

–	 Outcomes (O): Periodontal diseases, dental car-
ies, tooth wear, and orofacial pain.

Exclusion criteria:

–	 Studies that did not include participants 
aged ≥ 55 years.

–	 Articles not published in English.
–	 Systematic reviews, literature reviews, mini-

reviews, short commentaries, letters to the edi-
tor, and in vitro studies.

Search strategy

A comprehensive search of bibliographic data-
bases, including PubMed, Embase.com, CINAHL 
(Ebsco), and Web of Science, was conducted from 
their inception to November 6, 2023. The search 
strategy included keywords and synonyms related 
to “overweight,” “obesity,” “oral health,” “facial 
pain,” “aged,” and “elderly.” Terms such as “peri-
odontal diseases,” “dental caries,” “tooth wear,” and 
“orofacial pain” were categorized under oral health.

References from identified articles were manu-
ally reviewed to identify additional relevant studies. 
Duplicate entries were removed. The detailed search 
strategies for each database are available in the sup-
plementary material (Sect.  1). Additional searches 
were conducted in Open Access Theses and Disser-
tations (OATD) and Open Grey (http://​www.​openg​
rey.​eu) for relevant theses and grey literature.

http://www.crd.york.ac.uk/prospero/
http://www.crd.york.ac.uk/prospero/
http://www.opengrey.eu
http://www.opengrey.eu
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Study selection

Duplicate articles were removed by a medical infor-
mation specialist using Endnote X20.0.1 (Clari-
vate™), applying both the Amsterdam Efficient 
Deduplication (AED) method [61] and the Bramer 
method [9]. Titles and abstracts (TIAB) were 
screened using Rayyan (www.​rayyan.​ai, Qatar Com-
puting Research Institute (QCRI), Doha, Qatar) [62]. 
Two independent reviewers (M.R. and S.C.) evalu-
ated the studies according to the PICOS criteria, with 
any disagreements resolved through discussion with a 
third reviewer (F.L.).

Full texts of the preliminarily selected articles 
were then obtained for detailed review. Studies were 
included if they provided data for meta-analysis on 
the prevalence of targeted outcomes—periodon-
tal diseases, dental caries, tooth wear, and orofa-
cial pain—in overweight and/or obese individuals 
aged ≥ 55  years, compared to their non-overweight/
obese counterparts of the same age. Only stud-
ies reporting odds ratios (OR), risk ratios (RR), rate 
ratios, 95% confidence intervals (CIs), or data permit-
ting the calculation of these measures were included.

Authors of articles with incomplete data were con-
tacted via email to request additional details, such as 
odds ratios, risk ratios, or two-by-two tables. A sec-
ond email was sent if no response was received after 
two weeks, allowing another two weeks for a reply.

Data extraction and quality assessment

Using a predetermined form, the following data were 
extracted: first author, year of publication, paper title, 
country, study design, population type, groups and 
sample sizes, age and sex distribution, overweight 
and obesity indices, measures of association, and 
adjustment or matching factors.

Quality assessment was performed using adapted 
versions of the Newcastle–Ottawa scale (NOS) for 
cohort and cross-sectional studies. Studies were clas-
sified as “very good” (9-10 points), “good” (7–8 
points), “satisfactory” (5–6 points), or “unsatisfac-
tory” (0–4 points). The evaluation criteria included 
sample representativeness, sample size, response rate, 
reliability of the screening tool, adjustment for poten-
tial confounders via subgroup or multivariable analy-
sis, outcome assessment, and appropriate statistical 
test usage.

Statistical methods

Meta-analysis was conducted using Stata v. 18 (Stata-
Corp, College Station, Texas USA) (StataCorp L, 
2024). Effect measures were expressed as odds ratios 
(ORs) and relative risks (RRs).

Heterogeneity across studies was evaluated using 
the I2 statistic, which quantifies the proportion of total 
variation attributable to between-study variance, and 
the DerSimonian and Laird Q test, with a p-value 
of < 0.1 indicating statistical significance. To pool 
effect size estimates for the association between over-
weight/obesity and oral health problems, each study 
was weighted by the inverse of its variance. A fixed-
effects model was applied when heterogeneity was 
negligible; otherwise, a random-effects model was 
used.

Publication bias was visually assessed using a fun-
nel plot and further examined with the Trim-and-Fill 
method to estimate the number of potentially missing 
or unpublished studies and their impact on the pooled 
effect size. Additionally, Begg’s rank correlation test 
and Egger’s regression test were used to statistically 
detect the presence of small-study effects.

Results

Study selection

The literature search identified 6219 references across 
multiple databases: 1723 from PubMed, 2943 from 
Embase.com, 917 from CINAHL, and 636 from Web 
of Science. Additionally, 573 records were retrieved 
from grey literature (6 records) and theses/disserta-
tions (567 records). After removing duplicates, 3718 
unique references remained. Following the initial 
screening, 2607 studies were excluded, leaving 1111 
articles for full-text review. Following a detailed 
review, 1095 articles were further excluded, resulting 
in 16 studies eligible for data extraction. The search 
and selection process are summarized in Fig. 1.

Study characteristics

Among the 16 included studies, 14 examined peri-
odontal diseases and 2 investigated dental caries. No 
eligible studies were identified for tooth wear or oro-
facial pain. Table 1 summarizes the characteristics of 

http://www.rayyan.ai
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the periodontal disease studies, most of which were 
cross-sectional (n = 11), with three cohort studies.

The periodontal disease studies were conducted in 
Asia (n = 6), North America (n = 5), Europe (n = 2), 
and South America (n = 1). The reported prevalence 
of periodontal diseases ranged from 6.5% [51] to 
59.4% [59].

For dental caries (Table  2), Rodrigues et  al. [70] 
reported a prevalence of 15.8%, whereas Sheng et al. 
[77] did not specify a prevalence rate. Both studies 
were cross-sectional in design.

Quality assessment

The quality assessment of the included studies is 
summarized in Table 3. Of the 16 studies, most were 

rated as “good” or “very good,” while Rodrigues 
et al. [70] received a “satisfactory” rating.

In the “selection” domain (Q1–Q4), the majority 
of studies scored 4 or 5 out of 5 points. However, two 
studies [32, 70] scored three points due to limitations 
in sample representativeness (Q1) and sample size 
justification (Q2). Kitagawa et  al. [45], Rodrigues 
et al. (Rodrigues Junior et al., 2012) and Yang et al. 
(Yang et al., 2023) also lacked data on non-respond-
ents (Q3). All studies scored full points for using vali-
dated screening tools (Q4).

In the “comparability” domain (Q5), six studies 
[38, 50, 59, 70, 77, 88] did not adequately investigate 
potential confounders through subgroup or multi-
variable analysis, making it the least favorably scored 
domain.

Fig. 1   PRISMA flow diagram. Abbreviations: n, numbers
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In the “outcome” domain (Q6), most studies 
achieved the highest possible scores, except Jimenez 
et al. [39] which relied on self-reported outcomes.

In the “statistical test” domain (Q7), two studies 
[38, 88] scored poorly due to unclear or inappropriate 
statistical methods.

Using the Newcastle–Ottawa scale, studies scoring 
9–10 points were categorized as “very good,” 7–8 as 
“good,” and 5–6 as “satisfactory.” None fell into the 
“unsatisfactory” category (0–4 points).

Synthesis of results

A random-effects meta-analysis revealed a signifi-
cantly higher likelihood of periodontal diseases in 
elderly individuals with overweight/obesity, with 
a pooled OR of 1.49 (95% CI 1.13–1.97) (Table  4, 
Fig. 2).

Subgroup analysis showed a stronger associa-
tion in cross-sectional studies (OR = 1.45, 95% CI 
0.97–2.16, I2 = 82.2%, P < 0.001) than in cohort 
studies (OR = 1.49, 95% CI 1.001–2.22, I2 = 65.0%, 
P = 0.06).

Geographically, Asian studies showed the strong-
est association (OR = 2.21, 95% CI 1.28–3.81, 
I2 = 83.0%, P < 0.001). North American (N.A.) stud-
ies showed a weaker but significant association 
(OR = 1.17, 95% CI 1.07–1.28, I2 = 0.0%, P = 0.87). 
South American (S.A.) studies had an OR of 1.20 
(95% CI 0.63–1.77) but were limited by a single 
study. European studies showed no significant asso-
ciation (OR = 1.02, 95% CI 0.53–1.96, I2 = 78.8%, 
P = 0.03).

Sex-based analysis showed a stronger association 
in mixed-sex studies (OR = 1.52, 95% CI 1.02–2.28, 
I2 = 85.9%, P < 0.001) compared to male-only studies 
(OR = 1.20, 95% CI 1.07–1.34, I2 = 11.9%, P = 0.29).

Due to the limited number and inconsistent results 
of the two small cross-sectional studies on dental car-
ies, a meta-analysis for this outcome was not feasible.

Publication bias

Visual inspection of the funnel plot revealed no evi-
dence of publication bias among the 14 studies evalu-
ating the association between overweight/obesity and 
periodontal diseases. The plot appeared symmetri-
cal, and the Trim-and-Fill procedure did not impute 
any additional studies, suggesting no missing data Ta
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Table 3   Quality assessment of included studies (Newcastle–Ottawa scale)

Max: maximum score
Q1, representativeness of the sample; Q2, sample size; Q3, non-respondents; Q4, ascertainment of the screening tool; Q5, potential 
confounders investigated by subgroup/multivariable analysis; Q6, assessment of outcome; Q7, statistical test
Scoring criteria: + , criterion met  (1 point); +  + , criterion strongly met (2 points); -, criterion not met (0 points); –, not addressed or 
failed entirely (0 points)
Quality categories: Very good, 9–10 points; Good, 7–8 points; Satisfactory, 5–6 points

Selection (Max. 5) Comparability
(Max. 2)

Outcome
(Max. 2)

Statistical 
test (Max.2)

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Subtotal Quality category

Al Zahrani et al. 2003 [2]  +   +   +   +  +   +  +   +  +   +  10 Very good
Chen et al. 2021 [14]  +   +   +   +  +   +  +   +  - 8 Good
Han et al. 2010 [32] - -  +   +  +   +  +   +  +   +  8 Good
Iwasaki et al. 2019 [38]  +   +   +   +  +  –  +  +  - 7 Good
Jimenez et al. 2012 [39]  +   +   +   +  +   +  +   +   +  9 Very good
Kitagawa et al. 2017 [45]  +   +  -  +  +   +  +   +  +   +  9 Very good
Lee et al. 2014 [50]  +   +   +   +  +  –  +  +   +  8 Good
Linden et al. 2007 [51] -  +   +   +  +   +  +   +  +   +  9 Very good
Minagawa et al. [54]  +   +   +   +  +   +  +   +  +   +  10 Very good
Muñoz Torres et al. 2014 [57]  +   +   +   +  +   +  +   +  +   +  10 Very good
Oikarinen et al. 2014 [59]  +   +   +   +  +  –  +  +   +  8 Good
Rivas-Tumanyan et al. [69]  +   +   +   +  +   +  +   +  +   +  10 Very good
Rodrigues et al. 2010 [70]  +  - -  +  +  –  +  +   +  6 Satisfactory
Sheng et al. 2018 [77]  +  -  +   +  +  –  +  +   +  7 Good
Teixeira et al. 2020 [88]  +   +   +   +  +  –  +  +  - 7 Good
Yang et al. 2023 [100]  +   +  -  +  +   +  +   +  +   +  9 Very good

Table 4   Random-effects 
pooled odds ratios (ORs) 
and 95% confidence 
intervals (CIs) for the 
association between 
overweight/obesity and 
periodontal diseases across 
subgroups

Abbreviations: OR odds 
ratio, CI confidence 
intervals, N.A North 
America, S.A South 
America

Groups Number of 
studies

OR (95% CI) I2 (%) P-value for 
heterogeneity

All studies 14 1.49 (1.13–1.97) 86.1  < 0.001
Design
Cross-sectional 11 1.45 (0.97–2.16) 87.2  < 0.001
Cohort 3 1.49 (1.001–2.22) 65.0 0.06
Continent
Asia 6 2.21 (1.28–3.81) 83.0  < 0.001
Europe 2 1.02 (0.53–1.96) 78.8 0.03
S.A 1 1.20 (0.63–1.77) - -
N.A 5 1.17 (1.07–1.28) 0.0 0.87
N.A and S.A as one 

subgroup
6 1.17 (1.07, 1.28) 0.0 0.94

Sex
Male 2 1.20 (1.07–1.34) 11.9 0.29
Mixed 12 1.52 (1.02–2.28) 85.9  < 0.001
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due to publication bias. These findings were further 
supported by Egger’s regression test (β₁ = –0.50, 
SE = 1.11, P = 0.65) and Begg’s rank correlation test 
(Kendall’s score = 5.0, SE = 18.26, P = 0.82), both 
indicating a low likelihood of small-study effects 
(Fig. 3).

Discussion

The high prevalence of overweight and obesity among 
the elderly population underscores the importance of 
understanding its implications for oral health. This 
comprehensive review and meta-analysis address a 
critical gap in existing research by systematically 
analyzing global data on oral health issues—includ-
ing periodontal diseases, dental caries, tooth wear, 
and orofacial pain—among overweight and obese 

older adults. To our knowledge, this is the first study 
to comprehensively evaluate these associations in this 
population.

Defining what constitutes “elderly” remains a 
challenge, as criteria vary widely across studies and 
sources. Some define the elderly as individuals aged 
50 and older, while others extend this threshold to 
70 years [11, 28]. Numerous studies have highlighted 
a rising incidence of multimorbidity among middle-
aged and older adults, even starting in working-age 
populations [35, 72]. Multimorbidity, in turn, has 
been shown to negatively impact oral health out-
comes [27]. Considering these factors, we chose to 
include participants aged 55 and above in our review. 
This cutoff provides a balanced approach by captur-
ing individuals at increased risk for obesity-related 
complications while maintaining consistency with the 
age criteria used in comparable studies [17, 88].

Fig. 2   Forest plot illustrating the association between overweight/obesity and periodontal diseases in adults aged 55 and older. 
Abbreviations: OR, odds ratio; CI, confidence interval
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We undertook an extensive search of multiple 
databases, supplemented by grey literature, and 
included cross-sectional, case–control, cohort stud-
ies, and clinical trials to maximize the number of 
eligible studies. However, we restricted our review 
to English-language publications to reduce potential 
translation errors. The overall methodological quality 
of included studies was relatively high. Common lim-
itations included insufficient adjustment for potential 
confounders in six studies (Q5) [38, 50, 59, 70, 77, 
88], making the “comparability” the weakest domain 
in the quality assessment. Additional deficiencies 
were noted in study selection procedures (Han et al., 
2010; Kitagawa et al., 2017; Linden et al., 2007; Rod-
rigues Junior et  al., 2012; Sheng et  al., 2018; Yang 
et al., 2023), unclear statistical testing in two studies 
[38, 88], and limited outcome assessment in Jimenez 
et al. [39].

Our random-effects meta-analysis demonstrated 
that elderly individuals with overweight or obesity 
have a significantly higher likelihood of develop-
ing periodontal diseases (pooled OR = 1.49, 95% CI 
1.13–1.97), despite high heterogeneity across stud-
ies (I2 = 86.1%, P < 0.001). This heterogeneity likely 
reflects differences in study populations, diagnos-
tic criteria, and methodologies. Nevertheless, the 
consistency of positive associations across diverse 

settings strengthens the evidence for a genuine rela-
tionship between overweight/obesity and periodon-
tal diseases in this age group. Notably, the results of 
two cohort studies [14, 39] and three cross-sectional 
studies [45, 50, 51] aligned closely with the pooled 
estimate, despite differences in geographic location 
and disease definitions. These findings emphasize the 
need for standardized diagnostic criteria and study 
methodologies in future research to improve compa-
rability and validate the observed association.

The association between obesity, aging, and peri-
odontal diseases can be attributed to several inter-
connected biological and pathological mechanisms. 
The synergistic effects of obesity and aging amplify 
endothelial oxidative stress and increase the expres-
sion of nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase, leading to elevated superoxide 
levels from both NADPH oxidases and mitochon-
drial sources. These superoxide radicals combine 
with endothelium-derived nitric oxide to form per-
oxynitrite, reducing nitric oxide bioavailability and 
contributing to endothelial dysfunction during aging 
and obesity [8, 26, 91]. Interestingly, nitrate has been 
shown to protect against—and potentially reverse—
endothelial dysfunction induced by periodontitis, by 
restoring nitrite and, consequently, nitric oxide levels 
[23].

Fig. 3   Funnel plot illustrat-
ing the association between 
overweight/obesity and 
periodontal diseases



4972	 GeroScience (2026) 48:4957–4979

Vol:. (1234567890)

Obesity-related comorbidities, such as hyperten-
sion, may also contribute to capillary rarefaction 
observed in aging [86]. Additionally, the interaction 
between aging and obesity may impair the synthe-
sis of vasoactive arachidonic acid metabolites [93]. 
Among these, prostaglandin E2, a potent stimulator 
of alveolar bone resorption, plays a significant patho-
genic role in periodontal breakdown [12].

Obesity is characterized by chronic low-grade 
inflammation in adipose tissue, marked by increased 
macrophage infiltration, altered immune cell pheno-
types, and a proinflammatory secretome. This results 
in elevated levels of circulating inflammatory media-
tors [21, 85]. Growing evidence suggests that aging 
intensifies this adipose tissue inflammation [80, 93], 
further contributing to secondary conditions such as 
type 2 diabetes mellitus [41], which are also associ-
ated with increased periodontal risk.

Moreover, both aging and obesity are linked to 
dysbiosis of the oral and gut microbiome [10, 78]. A 
common microbial pattern includes increased abun-
dance of Firmicutes and a reduction in Bacteroides 
[53, 71, 89], which has been implicated in systemic 
and periodontal inflammation. In addition, cellular 
senescence in vascular tissues may contribute to the 
vascular pathologies associated with both aging and 
obesity [25, 87, 99]. Emerging evidence also sug-
gests that cellular senescence may play a key role in 
the pathophysiology of periodontal tissue degradation 
[3].

Sex-specific hormonal changes, particularly the 
decline in estrogen during menopause, may further 
influence the relationship between obesity and peri-
odontal disease in older women. Estrogen plays a 
protective role by maintaining alveolar bone density, 
modulating immune responses, and supporting peri-
odontal tissue integrity. Its decline is associated with 
elevated systemic proinflammatory cytokine levels 
and increased susceptibility to periodontitis [64]. 
When combined with obesity, a condition already 
marked by metabolic dysregulation and inflamma-
tion, this hormonal shift may exacerbate periodontal 
tissue destruction. Additionally, estrogen deficiency 
has been associated with reduced microbial diversity 
and increased pathogenic load in both the oral and gut 
microbiome [6, 94], potentially amplifying obesity-
related dysbiosis. These findings suggest that post-
menopausal women with obesity may represent a par-
ticularly high-risk subgroup for periodontal disease 

progression, highlighting the need for targeted moni-
toring and personalized prevention strategies.

Importantly, lifestyle interventions may help inter-
rupt the inflammatory cascade linking obesity with 
periodontal deterioration. In older adults with obesity, 
moderate caloric restriction combined with regular 
aerobic and resistance exercise improves metabolic 
function and reduces systemic inflammation, specifi-
cally lowering levels of C-reactive protein (CRP) and 
interleukin-6 (IL-6), both of which are implicated in 
periodontal tissue destruction [19].

Simultaneously, adopting an anti-inflammatory 
dietary pattern, such as a Mediterranean-style or pre-
dominantly plant-based diet rich in fruits, vegetables, 
whole grains, legumes, nuts, olive oil, and fatty fish, 
has been shown to inhibit NF-κB signaling, promote 
the anti-inflammatory M2 macrophage phenotype, 
and enhance endothelial function [30]. On a molecu-
lar level, key bioactive nutrients such as polyphenols, 
omega-3 fatty acids, and dietary fiber can further 
suppress obesity-related inflammation by downregu-
lating MAP-kinase pathways, reducing endoplasmic 
reticulum stress, and stimulating the secretion of anti-
inflammatory adipokines [84]. Incorporating these 
lifestyle modifications into the dental care and coun-
seling of adults aged 55 and older may offer a prac-
tical strategy to slow or prevent periodontal disease 
progression in overweight and obese individuals.

Our subgroup analyses revealed notable regional 
differences in the association between overweight/
obesity and periodontal disease. The strongest asso-
ciation was observed in studies from Asia (OR = 2.21, 
95% CI 1.28–3.81), whereas European studies showed 
a weaker and non-significant association (OR = 1.02, 
95% CI 0.53–1.96). One potential explanation for this 
discrepancy lies in the higher prevalence of metabolic 
disorders and systemic inflammation in Asian popula-
tions, which may be linked to a greater propensity for 
visceral fat accumulation compared to European pop-
ulations [55, 83]. Visceral fat is more metabolically 
active and pro-inflammatory, potentially exacerbating 
periodontal disease.

Genome-wide association studies have also 
identified ethnicity-specific genetic variants affect-
ing fat distribution. In particular, genes associated 
with embryonic development and metabolic regula-
tion are more frequently observed in Asians, pos-
sibly predisposing them to long-term metabolic 
vulnerabilities [83]. In contrast, Europeans tend to 
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accumulate more subcutaneous fat, which is less 
metabolically active and may pose a lower risk for 
systemic inflammation and its oral health conse-
quences [83]. These findings point to the need for 
further investigation into ethnicity-specific genetic 
and metabolic factors to better explain regional dis-
parities and support the development of population-
tailored prevention strategies. Cultural differences 
in dietary habits and oral hygiene practices may 
also contribute to regional variation. In Europe, 
substantial heterogeneity among studies may reflect 
variation in healthcare systems, public health ini-
tiatives, and levels of oral health awareness across 
different countries. Additional factors such as socio-
economic disparities, differences in adherence to 
oral hygiene recommendations, and unequal access 
to specialized dental care may further explain this 
heterogeneity.

Regarding sex differences, studies including 
both men and women reported a stronger associa-
tion (OR = 1.52, 95% CI 1.02–2.28) than male-only 
studies (OR = 1.20, 95% CI 1.07–1.34). However, 
heterogeneity was substantially higher in the mixed-
sex group (I2 = 85.9%) compared to male-only stud-
ies (I2 = 11.9%). This greater variability may reflect 
sex-specific differences in hormonal regulation, body 
composition, lifestyle behaviors, and the metabolic 
consequences of obesity. The decline in estrogen lev-
els during menopause, as discussed earlier, may inten-
sify periodontal risk in women through both systemic 
and local mechanisms. In contrast, men and women 
differ in fat distribution, inflammation profiles, and 
susceptibility to metabolic disorders, all of which 
may modulate oral disease outcomes differently. 
These findings underscore the importance of incorpo-
rating sex-stratified analyses in future research to bet-
ter understand and address these disparities. Develop-
ing tailored, sex-specific preventive and therapeutic 
approaches will be crucial for effective periodontal 
disease management in aging populations.

Two systematic reviews have previously noted a 
secondary peak in dental caries prevalence around the 
age of 70 [7, 42]. In contrast, our analysis identified 
only two studies on caries among overweight or obese 
older adults, both yielding inconsistent findings. 
These cross-sectional studies lacked the ability to 
assess incidence or determine temporal relationships 
between obesity and caries [96]. Moreover, longitu-
dinal studies involving older adults with obesity often 

face elevated dropout rates due to cognitive decline, 
functional limitations, and increased mortality risk.

A 10-year follow-up study by Edman et al. found 
that caries occurrence in older adults is not directly 
attributable to aging per se, but rather to increasing 
dependency on care, a factor that typically escalates 
with age [18]. Interestingly, Rodrigues et al. reported 
a lower number of decayed teeth among overweight/
obese individuals compared to those with normal 
BMI [70], but the limited sample size and cross-
sectional design preclude causal inference and limit 
generalizability. Conversely, Chala et  al. found a 
U-shaped association between BMI and caries, sug-
gesting that both underweight and overweight sta-
tuses are linked to increased caries risk [49]. Given 
this variability, future clinical studies should move 
beyond global indices such as DMFT and instead 
evaluate lesion-specific characteristics—such as 
location, severity, and activity, tailored to the elderly 
obese population.

Obesity imposes a pro-nociceptive state in indi-
viduals, which may facilitate the pain processes, and 
has been shown to be associated with some types of 
chronic pain [60, 79]. A machine-learning study by 
Lee et al. identified both BMI and age as key predic-
tors of temporomandibular disorders [49]. Despite 
these findings, no studies specifically addressing oro-
facial pain or tooth wear in elderly overweight/obese 
populations were identified in our review. A study by 
Ashour et al. found no significant differences in tooth 
wear prevalence between obese and non-obese indi-
viduals [4], aligning with Salas et  al., who reported 
no correlation between obesity and dental erosion in 
a Brazilian cohort [73]. The lack of focused studies 
on this demographic highlights a substantial gap in 
understanding these relationships, which may reflect 
either insufficient research or a weak direct connec-
tion between obesity and these outcomes. Further 
longitudinal studies are needed to elucidate the poten-
tial risks of tooth wear and orofacial pain in elderly 
individuals with obesity, enabling a deeper under-
standing of these issues in this vulnerable population.

The strengths of this study include its strict adher-
ence to PRISMA guidelines, a well-defined PICOS 
criteria, and a comprehensive systematic literature 
search independently conducted by two review-
ers. Nonetheless, several limitations should be 
acknowledged. Considerable heterogeneity in study 
designs, methodologies, and populations limits the 
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generalizability of the findings, particularly given the 
variation in definitions of overweight/obesity and per-
iodontal diseases across studies. Small sample sizes 
in several included studies may have reduced statis-
tical power and introduced bias into effect estimates. 
Restricting the review to English-language publica-
tions may have excluded relevant evidence from non-
English sources. Furthermore, the inclusion of both 
studies with and without control groups, while con-
sistent with previous research [47, 48, 75] and enrich-
ing the dataset, also increased methodological vari-
ability. These issues underscore the urgent need for 
future research to apply standardized diagnostic crite-
ria for both obesity and oral health outcomes. Robust 
study designs, such as longitudinal cohort studies 
with larger and more ethnically diverse populations, 
are essential to enhance reliability and improve com-
parability of results. Additionally, critical evidence 
gaps persist regarding caries, tooth wear, and oro-
facial pain in overweight and obese older adults. 
Addressing these gaps would offer a more compre-
hensive understanding of the complex interactions 
between obesity, aging, and oral health, ultimately 
guiding the development of targeted preventive strate-
gies and interventions.

From a clinical perspective, the findings under-
score the importance of integrating weight status 
into routine dental assessments for adults aged 55 
and older. Overweight and obese elderly patients, 
particularly those with additional risk factors such as 
diabetes, smoking, or reduced manual dexterity, may 
require closer monitoring for oral health problems, 
including periodontal disease progression. Current 
evidence on optimal recall intervals remains limited 
and heterogeneous. Observational data indicate that 
oral health indices such as DMFT (decayed, missing, 
filled teeth), DT (decayed teeth), and CPI (Commu-
nity Periodontal Index) are reliable predictors of indi-
vidualized recall interval needs, with poorer scores 
associated with shorter intervals, independent of age, 
sex, or comorbidities [34]. However, there is cur-
rently no high-quality research specifically address-
ing recall intervals tailored to overweight and obese 
older adults, highlighting an urgent need for trials in 
this subgroup. Preventive interventions could include 
personalized oral hygiene instructions, dietary coun-
seling aimed at reducing systemic inflammation, 
and interdisciplinary collaboration with physicians 
for weight management. Furthermore, public health 

strategies should integrate oral health promotion 
within broader obesity prevention programs targeting 
this vulnerable population.

Future studies should aim to overcome current 
methodological limitations by employing large-
scale, longitudinal cohort designs with sufficient 
sample sizes based on power calculations to ensure 
reliable effect estimates. Standardized and univer-
sally accepted diagnostic criteria for obesity and oral 
health problems, including periodontal diseases, are 
essential to improve comparability across studies. 
Long follow-up periods are recommended to clarify 
temporal relationships and causality, particularly in 
understanding how obesity and aging jointly con-
tribute to periodontal disease progression. Future 
research should also incorporate sex-stratified analy-
ses, as well as microbiome and inflammatory bio-
marker profiling, to better elucidate underlying mech-
anisms. Randomized controlled trials evaluating the 
effect of weight loss and anti-inflammatory dietary 
interventions on oral health outcomes in older adults 
would provide valuable evidence to guide preventive 
and therapeutic strategies.

Conclusions

This systematic review examined the relationship 
between overweight/obesity and various oral health 
outcomes, including periodontal diseases, dental 
caries, tooth wear, and orofacial pain, in adults aged 
55 and older. Our findings demonstrate a significant 
association between overweight/obesity and increased 
prevalence of periodontal disease in this popula-
tion. Evidence regarding dental caries is limited and 
inconsistent, and data on tooth wear and orofacial 
pain are virtually absent. Future research should pri-
oritize well-designed, longitudinal studies to clarify 
biological and behavioral mechanisms underlying 
obesity-related periodontal breakdown and to explore 
understudied outcomes. Given the substantial social, 
economic, and psychological burden of oral dis-
eases in older adults, developing targeted preventive 
strategies and integrating oral health into obesity 
management programs is imperative. Addressing 
these evidence gaps will enhance clinical decision-
making, guide public health policies, and ultimately 
improve the quality of life for this growing, high-risk 
demographic.
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