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Abstract

Objective Due to inconsistent findings in limited previous cohort studies, the aim of this study was to estimate the obesity
effect on periodontitis progression in Thai adults.

Materials and methods This 10-year retrospective cohort study comprised 2216 employees of the Electric Generation
Authority of Thailand (EGAT). Their demographic, medical, and periodontal status was collected. Subjects with periodon-
titis progression were defined as having > 2 teeth with progression. Additional proximal clinical attachment loss >3 mm or
tooth loss with severe periodontitis at baseline were used to identify disease progression at the tooth level. Central obesity
was classified using the waist-hip ratio. Multi-level Poisson regression was used to determine the effect of obesity on peri-
odontitis progression by adjusting for age, sex, education, income, smoking, alcohol drinking, exercise, diabetes mellitus,
and hypertension.

Results The cumulative incidence of periodontitis progression during the 10-year period was 59.6 cases per 100 persons
(95% CI: 57.5, 61.6). The univariate analysis indicated that obese subjects had 15% higher risk of progression than that of
healthy subjects. However, when confounders were analyzed simultaneously, the effect of obesity was not significant with
a risk ratio of 0.98 (95% CI: 0.88, 1.08).

Conclusions Despite the higher incidence of disease progression in the obese, obesity is not an independent risk factor for
periodontitis progression.

Clinical relevance Obesity and periodontitis progression share many common risk factors. Using the obesity as a preliminary
screening for periodontitis progression may be an alternative prevention protocol.
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Introduction

Obesity has a negative impact on an individual’s health. It
is defined as excessive fat accumulation that impairs overall
health [1]. The prevalence of being overweight or obese has
increased at every sociodemographic index level [2]. Obesity
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Elevated inflammatory adipokines levels, including tumor
necrosis factor alpha (TNF-a), interleukin-1 (IL-1), inter-
leukin-6 (IL-6), and leptin have been reported [7]. Inflam-
matory accumulation promotes oral dysbiosis, leading to
periodontal destruction [8]. In addition, obesity is also pro-
posed as a risk factor for periodontitis progression by the
indirect effect through DM [9, 10]. Elevated TNF-a due to
obesity inhibits the insulin signaling pathway, resulting in
insulin resistance. Then, immune cell malfunction and the
accumulation of advanced glycation end-products (AGEs)
from DM stimulate periodontal destruction.

Previous longitudinal studies have explored this risk asso-
ciation; however, the findings were limited and inconclusive.
Jimenez et al. [11] investigated the consequences of obesity
in a large-scale community-based setting and found that
obesity had a significant effect on periodontitis incidence.
Gorman et al. [12] demonstrated a non-significant effect of
being overweight; however, the risk was significantly 52%
higher in the obesity group. In contrast, Saxlin et al. [13]
investigated a cohort of non-DM and non-smoking individu-
als for 4 years. They found that the risk of having periodon-
titis progression in overweight and obese people was com-
parable with normal weight subjects. The heterogeneity of
these results was affected by variations in target populations,
measurement, and classification criteria of periodontitis pro-
gression and obesity. Thus, more information from longitu-
dinal studies in other ethnic groups using comprehensive and
appropriate criteria for periodontitis progression and obe-
sity are still needed. Therefore, the aim of this cohort study
was to compare the incidence of periodontitis progression
between normal and obese subjects in Thai adults. Moreo-
ver, the magnitude of the independent effect of obesity on
periodontitis progression was investigated.

Materials and methods
Setting

This study was conducted as a cohort study that conformed
with the STROBE (Strengthening the Reporting of Obser-
vational Studies in Epidemiology) guidelines for reporting
observational studies. The secondary data was accessed and
utilized from the Electric Generation Authority of Thailand
(EGAT) cohort. This is an ongoing workers cohort in Thai-
land [14] that primarily aims to examine the NCDs risk fac-
tors. EGAT employees were randomly selected and enrolled
from urban and rural area for undergoing the health survey
every 5 years.

Our 10-year-cohort study used the 2003 (EGAT 2/2) sur-
vey as a baseline. The 2008 (EGAT 2/3) and 2013 (EGAT
2/4) surveys were used as the follow-up visit at 5 and
10 years, respectively. The subjects who registered for the
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survey in 2003 and had at least 1 follow-up visit either in
2008 or 2013 or both were included in our analysis.

Oral examination

Dental examinations were performed by periodontists from
the Department of Periodontology, Faculty of Dentistry,
Chulalongkorn University in mobile dental units. The exam-
inations comprised the number of remaining teeth, periodon-
tal examinations, and evaluation of treatment needs. Detailed
measurements and calibration were performed as reported
elsewhere [15]. The periodontal examinations included
probing depth (PD), and gingival recession (RE), which
were carried out on all fully erupted teeth, except third
molars and retained roots. The PD and RE were measured
using a PCP-UNCI15 probe at six sites per tooth. The clinical
attachment level (CAL), representing the distance from the
cemento-enamel junction to the tip of the periodontal probe,
was the sum of the PD and RE values.

Outcome variable

The primary outcome was periodontitis progression at the
subject level. The event was counted if a subject had at least
2 teeth with periodontitis progression. Periodontitis progres-
sion at the tooth level was defined as having additional prox-
imal CAL loss >3 mm [16]. If tooth loss had occurred, that
tooth was identified as having disease progression when it
had severe periodontitis (CAL > 5 mm) at the previous visit.

Anthropometry

The subjects’ weight, height, and waist and hip circumfer-
ence were measured by trained personnel from Ramathibodi
Hospital. Height was measured in centimeters and weight
was measured in kilograms when dressed in normal clothing
without shoes. The hip and waist circumferences (WC) were
measured in centimeters using a conventional measuring
tape. The waist-hip ratio (WHR) was calculated by dividing
the WC by the hip circumference. Based on these results, the
subjects were categorized into 2 groups, normal and obesity,
with a cut-off point of 0.9 for males and 0.85 for females.

Statistical analysis

The data are described using mean (standard deviation)
and frequency (percentage) for continuous and categorical
data, respectively. Multi-level Poisson regression analysis
was performed by assigning the periodontitis progression
(stable/progressed) as the binary outcome and obesity (nor-
mal/obese) as the independent variable. Other covariables
known to affect periodontitis progression were included: age
(continuous), sex (male/female), education (<high school/
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vocational or diploma/> Bachelor’s degree), income (<
20,000/20,000-49,999/ > 50,000 baht/month), exercise
(none/1-2 times/week/ >3 times/week), smoking (never/
quit/current smokers), alcohol drinking (never/occasional/
frequent drinkers), hypertension (systolic blood pressure
140 mmHg or diastolic blood pressure >90 mmHg or took
blood pressure lowering drugs) [17], and DM (fasting blood
sugar > 126 mg/dl or took any type of anti-diabetic medica-
tion). When possible, the independent and covariables were
treated as time-varying covariables. The risk ratio (RR) and
their 95% confidence intervals were estimated. The sensitiv-
ity analysis included comparing the obesity effect among
different obesity measurements. Moreover, the risk was also
compared across the alternative definitions of periodontitis
progression. The analysis from the primary outcome was
defined as Model A. Model B was analyzed using similar
criteria as for Model A, except for ignoring tooth loss as a
progression component. Model C applied the 2018 AAP/
EFP periodontal diseases classification [18] to define peri-
odontitis progression. Periodontitis was defined as having a
loss of proximal CAL in two non-adjacent teeth, or a loss
of CAL at the buccal or oral >3 mm with PD >3 mm. Only
disease stages were considered in the analysis. Disease
severity at each survey was determined by the interproxi-
mal CAL at sites with the greatest attachment loss: (a) stage
I (mild periodontitis) CAL 1-2 mm, (b) stage II (moderate
periodontitis) CAL 3—4 mm, and (c) stages III-IV (severe
periodontitis) CAL >5 mm. Stage I or II patients were re-
classified as stages III-IV if the maximum PD was >6 mm
[19, 20]. Subjects with an increased stage were assumed
as having progression. In addition, subgroup analysis based
on the baseline severity of periodontitis [21], and smoking
status was performed. All statistical analysis was performed
using STATA 14.2 software. A p value <0.05 was consid-
ered statistically significant.

Results

Of the 2686 total subjects in EGAT 2/2, only 2334 partici-
pated in EGAT 2/3 or EGAT 2/4. Sixty-eight subjects were
initially excluded because of a missing baseline periodontal
status. Fifty subjects were further excluded due to missing
their periodontal status at follow-up; thus, disease progres-
sion could not be determined. The remaining 2216 subjects
were included in this cohort study (Fig. S1).

The subjects’ baseline characteristics are described in
Table 1. The mean age was 47.3 +4.6 years with 72% males.
More than 75% of the subjects were middle to high socio-
economic status (SES). Half of them were non-drinkers, and
55% never smokers. The prevalence of DM and hypertension
at baseline were 6% and 26%, respectively. The proportion of
subjects with central obesity defined by WHR was 50%. In

Table 1 Baseline characteristics categorized by periodontitis progres-
sion

Characteristics Total ~ No progression  Progression”
Age (mean+SD; years) 2216  46.4+4.3 47.8+4.7
Sex

Male 1591 572 (36.0%) 1,019 (64.0%)

Female 625 324 (51.8%) 301 (48.2%)
Education

<High school 547 163 (29.8%) 384 (70.2%)

Vocational/Diploma 727
>Bachelor’s degree 928

263 (36.2%)
461 (49.7%)

464 (63.8%)
467 (50.3%)

Income

< 20,000 baht 255 82 (32.2%) 173 (67.8%)

20,000-49,999 baht 1155 449 (38.9) 706 (61.1%)

>50,000 baht 784 355 (45.3%) 429 (54.7%)
Smoking

Never smoker 1223 591 (48.3%) 632 (51.7%)

Quit smoker 543 206 (37.9%) 337 (62.1%)

Current smoker 441 96 (21.8%) 345 (78.2%)
Alcohol

Never drinker 1,074 508 (47.3%) 566 (52.7%)

Occasional drinker 189 59 (31.2%) 130 (68.8%)

Frequent drinker 940 324 (34.5%) 616 (65.5%)
Exercise

None 645 271 (42.0%) 374 (58.0%)

1-2 times/week 594 253 (42.6%) 341 (57.4%)

>3 times/week 960 363 (37.8%) 597 (62.2%)
Diabetes mellitus

No 2072 862 (41.6%) 1,210 (58.4%)

Yes 139 32 (23.0%) 107 (77.0%)
Hypertension

No 1,627 694 (42.7%) 933 (57.3%)

Yes 568 191 (33.6%) 377 (66.4%)
Baseline periodontitis severity

No/Mild 402 255 (63.4%) 147 (36.6%)

Moderate 1166 530 (45.5%) 636 (54.5%)

Severe 648 111 (17.1%) 537 (82.9%)
Obesity (WHR)™

Normal 1094 479 (43.8%) 615 (56.2%)

Central obesity 1091 404 (37.0%) 687 (63.0%)

Abbreviation: WHR, waist-hip-ratio
* Having periodontitis progression either at 5-year, 10-year, or both

™ WHR: Normal (male <0.9, female <0.85),
(male > 0.9, female > 0.85)

central obesity

addition, the periodontitis prevalence at baseline according
to the CDC/AAP definition was 53% for moderate and 29%
for severe periodontitis.

During the 10-year follow-up period, 1320 subjects
developed the interested outcome, i.e., experiencing peri-
odontitis progression (> 2 teeth with progression). The
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cumulative incidence of disease progression was 59.6
cases per 100 persons per 10 years (95% CI: 57.5, 61.6).

Table 2 Multivariate analysis: multi-level Poisson regression

Factors Adjusted risk ratios
Obesity (WHR)"
Normal 1

0.98 (0.88, 1.08)
1.00 (0.99, 1.01)

Central obesity

Age (continuous)

Sex
Male 1.24 (1.08, 1.42)
Female 1

Education
<High school 1.51 (1.33, 1.71)
Vocational/diploma 1.30 (1.16, 1.46)
> Bachelor’s degree 1

Smoking
Never smoker 1

Quit smoker
Current smoker

1.14 (1.01, 1.30)
1.52 (1.33, 1.73)
Diabetes mellitus

No 1
Yes 1.20 (1.01, 1.42)

Abbreviation: WHR, waist-hip-ratio

* WHR: Normal (male <0.9,
(male > 0.9, female > 0.85)

female <0.85), central obesity

Of the total subjects, 31.9% had more than 4 teeth with
disease progression, while only 23.1% remained stable in
all remaining teeth.

The longitudinal data at the subject level was analyzed
using multi-level Poisson regression. The univariate analy-
sis results indicated that age, sex, education, income, DM,
hypertension, smoking, and drinking alcohol were associ-
ated with periodontitis progression; however, exercise was
not (Table S1). Obesity significantly increased the risk of
disease progression with a crude RR of 1.15 (95% CI: 1.04,
1.27).

The multivariate model was constructed and presented in
Table 2. The magnitude of the risk effect was adjusted by the
significant factors from the forward method of co-variable
selection, and all known risk factors of disease progres-
sion, including age, sex, education, DM, and smoking. The
results demonstrated that sex, education, smoking, and DM
remained significantly associated with periodontitis progres-
sion. However, the effect of obesity was not significant with
an adjusted RR of 0.98 (95% CI: 0.88, 1.08) (Table 2).

Sensitivity analysis using various obesity criteria and var-
ious definitions of periodontitis progression was performed
(Table 3). Model A revealed the results of the main proposed
primary outcome with several obesity parameters, including
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categorical and continuous data. The results demonstrated
consistent negative results from all obesity measures. Model
B was analyzed using similar disease progression criteria as
for Model A, except ignoring tooth loss as a component of
progression. The multi-level Poisson regression did not find
an independent effect of obesity with any definition of obe-
sity. In Model C, the periodontitis severity was classified by
the stages system of the 2018 AAP/EFP periodontal diseases
classification. An increase in stage was set as the outcome.
According to these criteria, the subjects had periodontitis
at baseline with a prevalence of stage I, stage II, and stages
M-IV of 1%, 32%, and 67%, respectively. Approximately
70% of the total observations in the multi-level analysis were
excluded because they had the maximum thresholds of dis-
ease severity, which could not assume progression based
on an increased stage. Of 829 total subjects, 557 subjects
(67.2%) were identified as having periodontitis progression.
Similarly, the effect of obesity on increased severity of peri-
odontitis was not significant.

The results of the subgroup analysis based on severity of
periodontitis and smoking status indicated that obesity was
not significantly associated with disease progression in any
population subtype (Table 4). In the periodontitis diagnosis
subgroups, a low level of education and current smoking
were significant in subjects with moderate and severe peri-
odontitis. These risk effects were slightly higher in moderate
compared with severe periodontitis, and sex was also related
with the progression in moderate periodontitis subjects. In
addition, sex and education level were considered as inde-
pendent risk factors among never smokers, while education
level was the only factor that affected the outcome in current
smokers.

Discussion

This 10-year retrospective cohort study investigated the
effect of obesity on periodontitis progression. We found that
the risk of disease progression was 15% higher among obese
subjects. However, when other confounders were taken into
account, there was no significant causal relationship between
obesity and periodontitis progression.

In this study, the definition of periodontitis progression
according to the 5th European workshop on periodontology
was adopted and modified [16]. In case of tooth loss, each
tooth was assumed as having progression if it had severe per-
iodontitis at baseline. Our results demonstrated that ~60% of
the subjects had periodontitis progression. Compared with
other studies, the incidence of progression varied affected
by study setting, subject characteristics, follow-up period,
baseline severity, definition of disease progression, perio-
dontal treatment, and maintenance protocols. For example,
Ogawa et al. [22] investigated periodontitis progression in
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Table 3 Sensitivity analysis
by various definitions of
periodontitis progression and
various obesity criteria”

Obesity parameters

Model A

Model B

Model CF

Continuous

Categorical™

WHR
BMI

Underweight
Overweight
Obesity
Morbid obesity

wC
WHtR
WHR
BMI
wC
WHtR

0.98 (0.88, 1.08)

1.04 (0.75, 1.45)
1.02 (0.89, 1.16)
1.03 (0.91, 1.17)
1.04 (0.85, 1.27)

1.01 (0.91, 1.12)
1.03 (0.93, 1.15)
0.73 (0.29, 1.88)
1.00 (0.99, 1.02)
1.00 (0.99, 1.01)
1.18 (0.47, 2.99)

0.96 (0.86, 1.07)

1.06 (0.76, 1.49)
1.01 (0.88, 1.15)
1.00 (0.88, 1.13)
1.03 (0.84, 1.26)

1.00 (0.90, 1.11)
1.00 (0.90, 1,12)
0.59 (0.22, 1.55)
1.00 (0.99, 1.02)
1.00 (0.99, 1.01)
0.98 (0.38, 2.53)

1.05 (0.88, 1.25)

1.46 (0.89, 2.40)
1.06 (0.85, 1.33)
1.22 (0.99, 1.50)
0.95 (0.66, 1.38)

1.09 (0.92, 1.30)
1.06 (0.89, 1.28)
1.32(0.25,7.03)
1.00 (0.99, 1.03)
1.00 (0.99, 1.01)
1.44 (0.29, 7.24)

Abbreviation: WHR, waist-hip-ratio; BMI, body mass index; WC, waist circumferences; WHtR, waist-to-

height ratio

¥ Model A: Defined periodontitis progression on increasing loss of proximal CAL and tooth loss

T Model B:Defined periodontitis progression on increasing loss of proximal CAL only

T

tal diseases classification

Model C:Defined periodontitis progression on stage-increasing according to 2018 AAP/EFP periodon-

" risk ratios (95% CI) were adjusted with age, sex, smoking, diabetes mellitus, and education

** WHR: Normal (male <0.9, female <0.85), central obesity (male> 0.9, female > 0.85)

BMI: Underweight (< 18.5 kg/m2 ), overweight (23.0-24.9 kg/m2 ), obesity (25.0-29.9 kg/mz ), morbid obe-
sity (> 30 kg/m?)

WC: Normal (male <90 cm, female <80 cm), obesity (male> 90 cm, female > 80 cm)
WHtR: Normal (<0.5), Obesity (>0.5)

Table 4 Subgroup analysis according to periodontitis severity and smoking status

Factors

Subgroup of subjects
No/Mild Moderate Severe Never Current
Periodontitis Periodontitis Periodontitis smokers smokers

Obesity (WHR)"
Normal
Central obesity
Age (continuous)
Sex
Male
Female
Education

<High school

Vocational/Diploma

> Bachelor’s degree
Smoking

Never smoker

Quit smoker

Current smoker
Diabetes mellitus

No

Yes

1
1.04 (0.75, 1.46)

1.01 (0.98, 1.05)

1.08 (0.75, 1.56)
1

1.40 (0.84, 2.32)
1.07 (0.74, 1.56)
1

1
0.93 (0.58, 1.51)
1.38 (0.78, 2.42)

1
1.41 (0.73, 2.74)

1
0.89 (0.76, 1.05)

1.01 (0.99, 1.02)

1.25 (1.02, 1.53)
1

1.44 (1.19, 1.76)
1.33 (1.11, 1.58)
1

1
1.14 (0.94, 1.40)
1.36 (1.10, 1.69)

1
1.24 (0.93, 1.64)

1
1.04 (0.90, 1.22)

1.00 (0.98, 1.01)

1.00 (0.80, 1.26)
1

1.26 (1.04, 1.51)
1.11 (0.93, 1.33)
1

1
1.06 (0.87, 1.29)
1.31 (1.09, 1.58)

1
1.07 (0.85, 1.34)

1
0.98 (0.84, 1.14)

1.01 (0.99, 1.02)

1.27 (1.09, 1.47)
1

1.59 (1.31, 1.94)
1.33 (1.13, 1.57)
1

N/A

1
1.29 (0.97, 1.70)

1
1.05 (0.86, 1.28)

1.00 (0.98, 1.02)

1.07 (0.68, 1.70)
1

1.60 (1.23, 2.08)
1.42 (1.10, 1.84)
1

N/A

1
1.11 (0.80, 1.53)

Abbreviation: WHR, waist-hip-ratio
* WHR: Normal (male <0.9, female <0.85), central obesity (male > 0.9, female > 0.85)
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community-based elderly people. They found that 75% of
elderly subjects exhibited additional CAL loss >3 mm at
least 1 site over 2 years. In contrast, Lindhe and Nyman
reported that only 20% of patients had CAL loss >3 mm
during a 14-year follow-up in a hospital-based setting among
periodontitis patients with comprehensive periodontal treat-
ment and underwent regular periodontal maintenance [23].

The causative effect of obesity on periodontitis progres-
sion was inconsistent in previous cohort studies. A sig-
nificant risk effect was found in our univariate analysis;
however, it was not found after adjusting for the effect of
confounders. Our findings were consistent in the sensitivity
and subgroup analysis and also agreed with Saxlin et al. [13]
who studied a non-DM and non-smoking cohort. Their anal-
ysis revealed a non-significant effect of being overweight or
obese on the number of new teeth with periodontal pockets.
In contrast, Jimenez et al. [11] estimated the obesity effect in
a large-scale population using the Cox proportional hazard
model and found a significant effect of being overweight
and obese on the periodontitis incidence with an adjusted
HR of 1.09 (95% CI: 1.02, 1.18) and 1.30 (95% CI: 1.17,
1.45). However, the low amount of new periodontitis cases
(8% from the 20-year follow-up) and low validity of self-
reported periodontitis were addressed. Gorman et al. [12]
reported the non-significant effect of being overweight (BMI
25.0-29.9 kg/mz); however, the risk was significantly 52%
higher in the obesity group (BMI > 30 kg/m?). The WC and
waist-to-height ratio (WHtR) were selected as an alternative
obesity index, and the results were different among the dif-
ferent criteria. It should be emphasized that the obesity index
and their cut-off points were crucial in determining this asso-
ciation. Based on this, comparing the results across the stud-
ies and their interpretation should be carefully considered.

Many indices for body anthropometry have been recom-
mended for categorizing obesity, including BMI, WC, WHR,
and WHtR. Advantages and limitations of each index have
been widely discussed [24-33]. BMI is most commonly
used; however, how well it explains the distribution of body
fat is questioned. Weight from muscle mass in the upper
limbs, lower limbs, and chest could be sources of misclas-
sification, particularly in masculine person [34].

WC is a globally used as a parameter to quantify central
obesity. This measurement directly represents central obe-
sity or visceral adiposity. Brambilla et al. [24] indicated that
WC was a better single predictor of visceral adipose tissue
compared with BMI. To improve the discrimination perfor-
mance, height or hip circumference has been used with the
WC to calculate their ratios. During the last few decades,
WHR and WHItR have become firmly established in medi-
cal research. They also have been accepted and used in the
universal obesity criteria [35].

Many studies have been performed to identify the best
obesity parameter that explains its health burden. The WHtR
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was indicated as the better indicator compared with BMI and
WC for metabolic syndrome prediction [36]. In addition, Lee
et al. [37] investigated the association between obesity and
the surrogate markers of CVD. Their results demonstrated
that BMI, WC, and WHR were positively correlated, and
WHR was the best predictor for subclinical atherosclero-
sis in postmenopausal women. These results suggested that
WHI(R and WHR may be more suitable than BMI for repre-
senting the consequence caused by systemic inflammation.
Based on a similar hypothesis with other NCDs, systemic
inflammation from adipocyte increases the risk of periodon-
titis destruction; thus, the WHR was selected as our primary
obesity index to reflect central obesity.

Obesity was not significantly independently associated
with the periodontitis progression. However, obesity and
periodontitis share many common risk factors, e.g., low
SES, smoking, and DM. Obesity is a characteristic that can
be easily noticed that may obscure other periodontitis risk
factors. We found that~70% of the obese subjects had low
SES, DM, or smoking habits concomitantly. Therefore, obe-
sity could be used as a screening tool to prevent periodontitis
progression. Oral health care and oral health promotion in
individuals with obesity should be emphasized by healthcare
providers.

The strength of this study was that the causal associa-
tion of obesity on periodontitis progression was evaluated
using an appropriately designed cohort study. Our study
was conducted with a large Thai population. The 10-year
follow-up period was sufficient for the onset of disease
progression. The periodontal examination was performed
using the optimum protocol, full-mouth examination with
six sites per tooth, by calibrated experienced periodontists.
A well-planned collection of the comprehensive medical
data including a health questionnaire, physical examina-
tion, and laboratory results was performed. Moreover, an
advanced statistical analysis, the mixed effect model with
the time-varying co-variables pattern, was used to estimate
the causal relationship. The variance within- and between-
subjects were taken into account.

Our study also has some limitations. First, this study
was conducted in a specific group of Thai people; most of
whom had a moderate to high SES. Thus, the generaliz-
ability of our results might be limited. Secondly, with the
retrospective cohort study design, some factors that were
potentially associated with periodontitis progression, such
as oral hygiene level and history of periodontal treatment,
were not collected. Oral hygiene is significantly associated
with periodontitis [38], and periodontal treatment resolves
or prevent periodontitis progression. The coefficient and
significance level of each predictor might be influenced
by not analyzing oral hygiene level and periodontal treat-
ment. Third, the gap of 5 years between follow-up peri-
ods might be too long. During that period of time, some
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variables could change. Finally, to categorize disease pro-
gression at the subject level, tooth loss was considered
as an important variable. However, the reasons for tooth
extraction were not collected. A tooth extracted due to
dental caries or fracture could bias the interested outcome.
In our study, the baseline severity at the tooth level and
sensitivity analysis with other definitions of periodontitis
progression were used to minimize over-estimation based
on this limitation.

Conclusion

Within the limitations of the present study, the progression
of periodontitis was common in adults. Approximately
60% of Thai adults experienced disease progression within
10 years. An association between obesity and periodontitis
progression was found. Obese subjects had a higher pro-
portion of periodontitis progression compared with normal
subjects. However, the effect of obesity on periodontitis
progression was not significant when other confounders
were simultaneously analyzed. Interestingly, obesity and
periodontitis progression share many common risk factors.
Using obesity as a preliminary screening for periodontitis
progression may be an alternative prevention protocol.
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