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ABSTRACT

Objectives: This study aimed to examine the association between periodontal disease and metabolic syndrome (MetS) in older
adults. Methods: This cross-sectional study enrolled 122 older adults aged = 60 years living in Yogyakarta, Indonesia. Periodontal
disease was assessed based on the number of sites of probing pocket depth (PPD) and clinical attachment level (CAL). Five
MetS components were assessed: obesity, elevated blood pressure, dyslipidemia, hypertriglyceridemia, and hyperglycemia.
Older adults with abdominal obesity and at least two additional positive components were classified as having MetS. Logistic
regression analysis was used to determine the association between periodontal disease and MetS, after adjusting for covariates.
Results: Twenty-three percent of the participants had three or more positive MetS components. A greater number of sites with
PPD > 4 mm and CAL = 9 mm was significantly associated with MetS (p<0.05). PPD and CAL were analyzed using separate
multivariate models. The number of sites with PPD = 4 mm was significantly associated with MetS (OR=1.04; 95% CI=1.01-1.07),
while a higher number of sites with CAL = 9 mm was also associated with MetS (OR=1.19; 95% CI=1.06-1.32). Conclusions: The
present findings demonstrate an association between periodontal disease and MetS in older adults. While statistically significant,
this relationship should be interpreted with caution given the cross-sectional design. Longitudinal studies are needed to clarify
the temporal pathways linking periodontal status and metabolic health.
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Introduction

The demographic transition associated with changes in disease patterns and increased life expectancy is a global phenomenon
observed not only in industrialized but also in developing countries [1,2]. Yogyakarta has the highest life expectancy in Indonesia
and is expected to become one of the aging provinces, with more than 10% of the population aged 65 years and over by 2035 [3]. In
Indonesia, rapid population aging is accompanied by an increasing burden of chronic non-communicable diseases, making it
important to identify factors that may contribute to cardiovascular risk among older adults. Older adults are at risk of developing
chronic conditions, including cardiovascular and periodontal disease [4-6]. The incidence of cardiovascular disease has been
reported to increase in individuals with metabolic syndrome (MetS), which is more prevalent among older adults [7-11].

MetS is characterized by a clustering metabolic disorders, including elevated blood pressure, increased waist circumference, low
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HDL cholesterol, high triglycerides, and hyperglycemia [12]. The components of metabolic syndrome have been reported to be
associated with periodontal disease [13,14]. Periodontal disease is characterized by pathological loss of the supportive connective
tissue and alveolar bone surrounding the teeth, resulting from periodontal pathogen infection [15]. The prevalence, extent, and
severity of periodontal disease have been associated with MetS [13]. A current systematic review concluded that patients with
periodontal disease have a higher risk of MetS [16]. Periodontal disease and MetS are multifactorial conditions sharing common
inflammatory pathways. Elevated levels of inflammatory mediators such as C-reactive protein (CRP), interleukin-6 (IL6), and tumor
necrosis factor-a (TNF-a) have been reported among people with MetS [17]. Elevated levels of these inflammatory markers have also
been observed in individual with periodontal disease [18,19]. However, data on the association between periodontal disease and
MetS among community-dwelling older adults in Southeast Asia, particularly Indonesia, remain limited. Addressing this gap may
help clarify whether this association is also observed in aging population in upper- and middle-income settings.

In view of these observation, investigating the relationship between periodontal disease and MetS is essential to improve
understanding of how periodontal disease may relate to systemic health in older adults. The aim of this cross-sectional study was
to examine the association between periodontal disease and MetS among older adults living in Yogyakarta, Indonesia.

Methods

1. Study design, setting and participants

We conducted a community-based cross-sectional study in 2018 among older adults residing in Yogyakarta, Indonesia. Participants
were recruited from five community health stations for older adults (Posyandu Lansia). The health stations were in the province of
Daerah Istimewa Yogyakarta and were randomly selected. The sample size was determined using G*Power software (ver. 3.1.9.7;
Heinrich Heine University Dusseldorf, Diisseldorf, Germany), assuming an odds ratio of 2.2 for the association between periodontal
disease and MetS, a two-sided a of 0.05, power of 95% and the logistic regression as the main analysis. The minimum required
sample size was 117 participants; we invited 150 to account for potential non-response. Letters of invitation to this survey were sent
to 30 randomly selected participants from members of each Posyandu Lansia (n=150). Subjects aged 60 years and older were
selected according to the inclusion and exclusion criteria. They were Yogyakarta residents, who underwent full-mouth periodontal
examination. Older adults who were in good health, dentulous and able to communicate were included in this study, while
individuals who were suffering from severe infections, were hospitalized and edentulous were excluded from this study.

The study protocol was reviewed and approved by the Medical and Health Research Ethics Committee (MHERC), Faculty of
Medicine, Universitas Gadjah Mada, and Dr. Sardjito General Hospital (KE/FK/0939/EC/2018). All study procedures were conducted
in accordance with the Declaration of Helsinki (revised in 2000), and the rights, safety, and confidentiality of all participants were
strictly protected. We adhered to the STROBE guidelines for reporting observational studies involving human participants [20]. All
participants agreed to undergo all protocols and provided written informed consent prior to participation.

2. Clinical procedures

The intraoral examination included measurement of periodontal conditions and number of present teeth. The number of teeth
was counted as the total remaining teeth including third molars. Periodontal disease was assessed using the number of sites of
probing pocket depth (PPD) and clinical attachment level (CAL) as clinical parameter for periodontal disease, which provide more
precise representation of the extent of periodontal diseases [21]. Periodontal examinations were conducted by five trained dentists
at six sites around each tooth (mesio-buccal, mid-buccal, disto-buccal, mesio-lingual, mid-lingual/mid-palatal, and distolingual).
Probing was performed using a blunt rounded tip probe (548/1 Medesy Probe, Italy) and measurement were rounded to the nearest
whole millimeter. Examiners calibration was performed prior to data collection using volunteer patients at the University Dental
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Hospital, Universitas Gadjah Mada. Intra-examiner reliability was assessed through repeated periodontal measurements performed
by the same examiner at different time points, whereas inter-examiner reliability was evaluated by comparing measurements
obtained by different examiners. Agreement for categorical periodontal measurements was evaluated using kappa statistics, which
are appropriate for assessing consistency beyond chance in categorized clinical parameters such as PPD and CAL thresholds. To
minimize information bias, all clinical measurements were obtained using standardized protocols. The kappa values ranged from
0.75 to 0.90 for PPD and from 0.65 to 0.80 for CAL, indicating substantial to almost perfect agreement.

3. Medical examination, anthropometric evaluation and interview

Anthropometric evaluation, blood pressure (BP) evaluation, laboratory procedure analysis and interview were used in this study.
Anthropometric evaluation was calculated through body mass index (BMI) by measuring the height and weight of respondents.
Waist circumference was measured with a soft tape on standing participants midway between the lowest rib and the iliac crest. The
recordings of BP were obtained from the right arm of the participants in a sitting position after five minutes of rest.

Fasting blood samples were drawn for the measurement of hemoglobin Alc (HbA1c), hsCRP, albumin, calcium and lipid profile
including low-density lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL), triglyceride (TG), total cholesterol
(TC). Samples were drawn by our certified health professionals and sent to our clinical laboratory Academic University Hospital,
UGM. HbAlc was selected as a glycemic indicator due to its clinical relevance in older adults and its practical utility in community-
based epidemiological studies, where fasting plasma glucose alone may underestimate dysglycaemia. HsCRP was included to
account for systemic inflammation [22], serum albumin for chronic inflammation and nutritional status [23], and serum calcium
for mineral and bone metabolism [24].

MetS was defined using ATP IlT-based criteria adapted for Asian populations [12,25], requiring the presence of three or more
components: abdominal obesity (waist circumference>90 cm in men and >80 cm in women), hyperglycemia (HbA1c=6.0% and/or
antidiabetic medication), elevated BP (=130/85 mmHg and/or antihypertensive medication), hypertriglyceridemia (=150 mg/dL
and/or lipid-lowering therapy), and reduced high-density lipoprotein cholesterol (<40 mg/dL in men and <50 mg/dL in women).
This definition was selected to enable broader identification of metabolic risk in older Asian populations [26].

The data on medication history, exercise habits, smoking status, socio-economic status, and oral-health behaviors were collected
by using a standardized questionnaire and face-to-face interview. Information of oral-health behavior including brushing frequency
(<2 times/d or =2 times/d), and pattern of dental visit (regularly or episodically) were collected. Lower education was defined as
school attendance <9 years. Physical activity was measured using International Physical Activity Questionnaire Short Form (IPAQ-
SF) and categorized according to standard scoring protocols. While smoking status information was collected with those reporting
any smoking history classified as smokers.

4, Statistical analyses

All calculations and statistical analysis were performed using the statistical software package for windows version (ver. 22.0; IBM
Corp. Armonk, NY, USA). P values of less than 0.05 were considered statistically significant. Characteristics of subjects were
described using frequency distribution for categorical variables and the mean+standard deviation (SD) for continuous variables.
Comparison between participants with and without MetS were conducted using t-test, and »? test, as appropriate. The association
between MetS (dependent variable) and periodontal diseases (independent variable) as main predictor was assessed by logistic
regression analysis. Multivariable models were adjusted for sex, education, smoking status, brushing frequency, pattern of dental
visits, physical activity, number of remaining teeth, hsCRP, albumin and calcium, selected a priori based on hiological plausibility
and previous literature. All covariates were measured concurrently with exposure and outcome variables and were included in the
models as continuous variables.
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Periodontal parameters included PPD and CAL. PPD=4 mm and CAL=9 mm were entered into the regression models because
these two clinical parameters showed statistically significant associations with MetS in the hivariate analyses. Logistic regression
was performed to estimate the independent associations between periodontal disease and MetS with adjustment for potential
confounders. PPD and CAL were modeled as continuous variables, expressed as per one-site increase in the number of sites with
PPD=4 mm and CAL=9 mm. The threshold of CAL.=9 mm was selected to represent severe periodontal destruction and advanced
cumulative periodontal tissue loss rather than localized disease, consistent with its use in previous epidemiological studies. To avoid
multicollinearity, the number of sites with PPD=4 mm and number of sites with CAL=9 mm were entered separately into the

models. Model fit was assessed using the Hosmer-Lemeshow goodness-of-fit test.

Results

Of the 150 older adults invited, 135 agreed to participate. Ten participants were unable to attend the examination because of
personal reason, including urgent family issues, sickness, or transportation problems, while three others were edentulous. Thus, a

total of 122 dentate participants were included into the final analysis (Fig. 1).

An invitation was sent to 150 individuals who

were randomly selected from five subdistricts

v

135 responded to the invitation and agreed to

participate

v

\ 4

125 individuals participated in the survey

v

No response (n=15)

15 individuals declined to participate due to
personal reason (urgent family matters [7],

being sick [3] and lack of transportation [5])

A 4

122 individuals participated in the study

Fig. 1. Flow chart of the study

The prevalence of MetS in this sample was 23% (28/122). Behavioral and sociodemographic characteristics were broadly similar
between MetS groups (Table 1). However, compared with those without MetS, participants with MetS had significantly lower HDL

and higher mean triglyceride and HbAlc levels.
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3 individuals did not meet the

inclusion/exclusion criteria (edentulous)
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Table 1. Selected characteristic of the study participants without and with MetS

. MetS
VablEs No (n=94) Yes (n=28) p
Mean=+SD
Age (years) 66.6+5.8 64.412.8 0.054"
Remaining teeth (n) 19.4+6.2 18.5+5.9 0.502"
hsCRP (mg/dl) 0.74+1.9 0.7£1.9 0.958
Albumin (g/dl) 4.4+0.52 4.4+0.2 0.648"
Calcium (mEq/L) 8.9+1.7 9.0+1.7 0.970°
Creatinine 0.9+0.2 0.9+0.3 0.109"
HDL (mg/dl) 59.5+13.1 49.2+13.8 <0.001
LDL (mg/dl) 132.8+34.6 140.14+36.9 0.334"
Triglycerides (mg/dI) 104.4+44.4 184.1+152.84 <0.001"
HbAlc (%) 5.9+1.6 7.3+17 <0.001"
n (%)

Gender

Women 59.0 (48.4) 21.0 (17.2) 0.347"

Men 35.0 (28.7) 7.0 (5.7)
Lower income 52.0 (42.6) 19.0 (15.6) 0.238"
Lower education 43.0 (35.3) 10.0 (8.2) 0.347"
Smoking

Nonsmoker 76.0 (62.3) 23.0 (18.9) 0.878"

Smoker 18.0 (14.8) 5.0 (4.1)
Physical activity

High 35.0 (28.7) 6.0 (4.9) 0.260"

Moderate 41.0 (33.6) 14.0 (11.5)

Low 18.0 (14.8) 8.0 (6.6)
Visit dentist regularly 22.0 (18.03) 4.0(3.2) 0.375"
Tooth brushing > 2 times/day 19.0 (16.1) 5.0 (4.1) 0.783"

MetS: metabolic syndrome; SD: standard deviation; hsCRP: high-sensitivity C-reactive protein; HDL: high-density lipoprotein;

LDL: low-density lipoprotein; HbAlc: hemoglobin Alc

‘by t-test, p<0.05; “by chi-square test, p<0.05

Regarding MetS components and related clinical characteristics (Table 2), 52 participants (42.6%) had elevated waist circumference
and 44 (36.1%) had elevated HbAlc. Flevated BP was present in 31 participants (25.4%), reduced HDL cholesterol in 28 (23.0%), and
increased triglyceride levels in 27 (22.1%). Eighteen participants (14.8%) were taking antidiabetic medications, 30 (24.6%) were on
antihypertensive treatment, and 6 (4.9%) were receiving lipid-lowering medications.

Table 2. Anthropometric, clinical and relevant characteristics of MetS

Variable n (%)

Antidiabetic medications 18.0 (14.8)
Antihypertension medications 30.0 (24.6)
Antidyslipidemic medications 6.0 (4.9)
Elevated waist circumference 52.0 (42.6)
FElevated HbAlc 44.0 (36.1)
Elevated blood pressure 31.0 (25.4)
Reduce high-density lipoprotein 28.0 (23.0)
Increased triglycerides level 27.0 (22.1)

MetS: metabolic syndrome; HbAlc: hemoglobin Alc
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Full-mouth examination indicated a measurable site-level burden of periodontal disease in this community-dwelling older adults
(Table 3). Mean PPD and CAL did not differ significantly between participants with and without MetS. However, those with MetS
had asignificantly higher number of sites with PPD=4 mm and number of sites with CAL=9 mm (p=0.031 and p=0.034, respectively),
whereas no significant differences were observed for other PPD and CAL thresholds.

Table 3. Extent and severity of periodontal disease according to the participants without and with MetS

. MetS «
et bl No (n=94) Yes (n=28) p
Mean=+SD
Average PPD 1.8+0.9 1.7+0.8 0.574
Average CAL 1.8£1.8 19114 0.889
Number of sites PPD
PPD>3 mm 46.7132.1 39.9£30.8 0.325
PPD=4 mm 11.1+13.3 18.018.6 0.031
PPD=5 mm 5.518.6 5.318.2 0.926
PPD=6 mm 4.2+7.2 6.319.0 0.269
Number of sites CAL
CAL=3 mm 31.2+23.2 32.74+19.7 0.753
CAL=4 mm 2214217 22.4419.7 0.953
CAL=5mm 17.1+£20.2 17.5+19.3 0.917
CAL=6 mm 12.2+18.3 12.2+18.3 0.823
CAL=9 mm 2.11+3.6 51%6.8 0.034

MetS: metabolic syndrome; SD: standard deviation; PPD: probing pocket depth; CAL: clinical attachment level
by chi-square test, p<0.05

As shown in Table 4, participants with hyperglycaemia and those with dyslipidaemia had significantly higher mean numbers of
sites with CAL=9 mm than those without these conditions (p=0.043 and p=0.011, respectively). In addition, the mean number of
sites with CAL=9 mm increased with the number of MetS components, and this association was statistically significant (p=0.003).

Table 4. Associations between the components of MetS and periodontal condition

Variable Sites with PPD = 4 mm (n) o Sites with CAL = 9 mm (n) o
Mean=+SD Mean=+SD

Abdominal obesity ~ No (72) 10.9+12.7 0.136 21+3.5 0.054
Yes (50) 15.2+17.3 3.9+5.8

Hypertension No (47) 10.6+11.9 0.230 1.9£3.8 0.067
Yes (75) 13.9+16.4 3.4%8.6

Hyperglycemia No (74) 11.6£14.5 0.304 21+3.7 0.043
Yes (48) 14.4415.5 3.8+5.7

Dyslipidemia No (80) 10.94+12.3 0.120 1.8+7.9 0.011
Yes (42) 15.9+18.6 45+6.1

MetS components 1 (41) 12.3+13.3 0.836 14427 0.003
2 (31) 12.8+15.9 0.948 3.9+4.7 0.138
3(34) 15.74+17.7 0.165 44463 0.056

MetS: metabolic syndrome; PPD: probing pocket depth; CAL: clinical attachment level; SD: standard deviation
‘by t-test, p<0.05
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The association between periodontal disease and MetS was further examined using logistic regression analysis (Table 5). Two
model were constructed, with the number of sites with PPD=4 mm (Model 1) and the number of sites with CAL=9 mm (Model 2)
entered separately as indicators of periodontal disease extent. After adjustment for gender, education, smoking status, physical
activity, pattern of dental visits, toothbrushing frequency, hsCRP, albumin, and calcium, a higher number of sites with PPD=4 mm
was significantly associated with increased odds of MetS (OR=1.04; 95% CI: 1.01-1.07; p=0.010). Similarly, a higher number of sites
with CAL =9 mm was associated with increased odds of MetS (OR=1.19; 95% CI: 1.06-1.32; p=0.002).

Table 5. Associations between MetS and periodontal condition
MetS (No; Yes)

Vet OR (95%ClI) p
Model 1

Sites with PPD=4 mm (n) 1.04 (1.01-1.07) 0.010
Model 2

Sites with CAL>=9 mm (n) 119 (1.06-1.32) 0.002

MetS: metabolic syndrome; OR: odds ratio; CI: confidence interval; PPD: probing pocket depth; CAL: clinical attachment loss
‘by logistic regression analysis, p<0.05

Adjusted for gender, smoking status, education status, physical activity, pattern of dental visit, toothbrushing, high-sensitivity
C-reactive protein, albumin and calcium, number of remaining teeth.

Discussion

In this study, an association was observed between periodontal disease and MetS among older adults in Yogyakarta, Indonesia
after adjustment for potential confounders. A greater extent of periodontal disease, expressed as the number of sites with PPD=4
mm and CAL=9 mm, was significantly associated with the presence of MetS. Although the data were collected in 2018, the
underlying biological mechanisms linking periodontal disease and MetS are unlikely to have changed over time [14,27], and the
present dataset provides important baseline evidence from a rapidly aging population in Indonesia, where epidemiological data on
periodontal-systemic associations remain limited. These findings add to the growing body of evidence suggesting a link between
periodontal status and MetS in older population.

The findings of this study are consistent with previous reports showing that periodontal disease is associated with increased risk
of MetS, and are further supported by recent large cohort studies and meta-analyses published between 2020 and 2024, which have
confirmed a significant association between periodontitis and MetS across diverse populations [16]. Several biological mechanisms
may underlie this association. Infections caused by gram-negative periodontal pathogens might stimulate the release of pro-
inflammatory cytokines such as IT.-18 and TNF-a [28]. A higher number of sites with PPD=4 may reflect a larger burden of inflamed
periodontal tissues and associated with increased levels of inflammatory mediators, whereas CAL=9 mm reflects the cumulative
destruction of periodontal tissue driven in part by TNF-a [29]. In addition, elevated levels of hsCRP, TNF-a, IL-1 and IL.-6 have been
reported in patients with MetS. Oxidative stress has also been proposed as key component underlying the association between
periodontal disease and the MetS [30,31]. In the pro-inflammatory state, increased oxidative stress can occur in periodontal tissue,
leading to DNA and protein damage [32]. This process may promote lipid peroxidation and oxidation of other enzymes and
stimulates further production of pro-inflammatory mediators through activation of transcription factor related to tumor necrosis
pathways.

It has been reported that individuals with periodontal disease exhibit increased levels of TNF-a and IL-1, which may contribute
to MetS by interfering with lipase production and thereby adversely affecting the lipid profile [33,34]. Various pathogens included
periodontal pathogens such as P. gingivalis, T. forsythia, and A. actinomycetemcomitans, have also been reported to induce changes
in fat metabolism [35]. Other studies have hypothesized that recurrent bacteremia originating from periodontal lesions may alter in
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systemic markers in periodontitis and reinforce the close relationship between systemic disease and inflammation of the periodontal
tissues [36]. Nevertheless, given the cross-sectional design of the present study, longitudinal and interventional studies are required
to further clarify the temporal relationship and potential causality between periodontal disease and MetS.

The strengths of this study include the examination of a homogenous group of dentate Javanese older adults, which may reduce
variahility related to ethnic differences. However, several limitations should be considered when interpreting the findings. First, a
potential selection bias cannot be excluded, as a participation in this study was voluntary and recruitment was conducted through
community health stations. Older adults who were willing and able to participate may have been healthier, more health-conscious,
or more socially engaged than non-participants, which may limit the representativeness of the sample and the generalizability of
the findings to the broader older adult population. Second, the cross-sectional design precludes assessment of temporal relationships
and causal inference between periodontal disease and MetS. Finally, information on important factors such as dietary intake,
comprehensive comorbidity profiles, and detailed medical history was not collected. As a result, several potentially relevant
confounding due to unmeasured factors dietary patterns and other comorbidities, cannot be ruled out.

Conclusions

1. A greater extent of periodontal disease was significantly associated with the presence of MetS among community-dwelling older
adults.

2. These findings underscore the importance of maintaining oral health and regular dental care as part of comprehensive health
management in aging populations with an increasing burden of MetS.

3. Longitudinal studies with larger and more diverse populations are needed to clarify the temporal relationship and potential
causal pathways between periodontal disease and MetS.
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