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Background/purpose: To investigate the associations between treated and untreated dental
caries and periodontitis in young adults.
Materials and methods: The study enrolled 1289 participants aged 18e45 years in Taiwan.
Localized periodontitis was categorized into healthy and stage II/III (n Z 936 and n Z 353,
respectively) based on the 2017 criteria of the World Workshop. Multivariable logistic regression
analysis with adjustments for sex, age, tobacco smoking status, betel nut consumption status,
metabolic syndrome, and total white blood cell count was used to determine the associations.
Results: Decayed tooth numbers were positively associated with localized stage II/III periodon-
titis [odds ratio (OR): 1.15 (95% confidence intervals (CI): 1.06e2.25)], while filled tooth numbers
were inversely associated with localized stage II/III periodontitis in young adults [OR: 0.96 (95%
CI: 0.92e0.99)].
Conclusion: Our study confirms the relationship between dental caries and periodontitis by
direct evidence that the more decayed teeth there are, the higher the risk of periodontitis
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and by indirect evidence that the more treated decayed teeth there are, the lower the risk of
periodontitis in young adults.
ª 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Introduction

The oral cavity is most often affected by periodontal dis-
ease and dental caries.1 If left untreated, these diseases
might cause some negative impacts. Both periodontitis and
dental caries result in tooth loss, reduced masticatory
function, poor nutritional status, low self-esteem, low
quality of life and negative general health impacts. There is
also evidence of an association between oral health and all-
cause mortality.2,3 In addition, both periodontitis and
dental caries are complex diseases with multiple and
diverse exposures that impact the risk of disease initiation
or progression of existing systemic diseases. Exposures
include those that are inherited (e.g., genetic variants),
those that are acquired, such as social, educational and
economic factors, the local environment (e.g., biofilm load
or composition), other diseases (e.g., suboptimally
controlled diabetes) and lifestyle factors (e.g., smoking,
consumption of sugars, and carbohydrate intake).4 These
may arise in different combinations in different individuals,
and at an individual patient level, they may also have
differentially weighted effects.4

Most previous studies indicated a positive association
between periodontal disease and untreated dental
caries.5e8 However, findings concerning the simultaneous
occurrence of periodontal disease and dental caries are
conflicting. Some studies have revealed a negative associ-
ation or no association.9e12 In addition, whether there is a
higher risk of localized periodontitis associated with
treated dental caries in young adults has rarely been
investigated before. Therefore, the aim of this study was to
clarify the association between periodontitis and treated
and untreated dental caries in young adults.
Materials and methods

Study population

A cohort of 1289 military participants (1129 males and 160
females) was retrospectively collected from the cardiore-
spiratory fitness and hospitalization events in armed forces
(CHIEF) oral study in eastern Taiwan for the analysis.13 These
participants had an average age of 30.28 years (18e45
years). They were without diabetes and were not taking any
medications. They were subsequently divided into two sub-
sets, periodontal healthy/localized stage I periodontitis and
localized stage II/III periodontitis, based on the 2017 the
World Workshop of the American Academy of Periodontology
and the European Federation of Periodontology.14 All par-
ticipants received a comprehensive health examination
requiring information on service specialty, highest level of
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education (senior high school degree, college or university
degree, and postgraduate degree), betel nut chewing status
(never, former and current) and tobacco smoking status
(never, former and current).

Clinical and demographic measures

The physical health examination included anthropometric
measurements of height, weight, body mass index (weight,
kg/height, m2; assessed in a standing position) and waist
circumference. The hemodynamic data of systolic and
diastolic blood pressure (SBP and DBP, respectively) [in the
right upper arm; measured in a sitting position after rest for
at least 15 min, using the FT-201 automated blood pressure
monitor (Parama-Tech Co Ltd, Fukuoka, Japan)] were
determined. The laboratory data, including serum con-
centrations of total cholesterol, triglycerides, high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C) and fasting plasma glucose (FPG), were
measured by an auto analyzer (Olympus AU640 auto
analyzer, Olympus, Kobe, Japan), and the hemoglobin level
was measured by the XT-2000-I automated hematology
analyzer (Sysmex Corporation, Kobe, Japan).

Oral status measures

Impacted teeth and third molars were excluded from this
study. Dental caries were assessed by recording the caries
index DMFT (number of decayed, missing and filled teeth)
according to the criteria recommended by the WHO.15

The 2017 World Workshop of both the American Acad-
emy of Periodontology and the European Federation of
Periodontology was used to classify the severity of peri-
odontitis.14 In addition, the extension of periodontitis was
localized in the present study (<30% of teeth involved).14

This study design and protocol were reviewed and
approved by the human subject ethics board of Mennonite
Christian Hospital (No. 16-05-008) in Hualien City, Taiwan,
and written informed consent was obtained from all par-
ticipants. Additionally, this study was performed in accor-
dance with the Helsinki Declaration of 1975, as revised in
2013.

Definition of metabolic syndrome

Metabolic syndrome was defined based on the International
Diabetes Federation (IDF) definition.16 The subjects who
satisfied at least three of the following five criteria were
classified as having metabolic syndrome: (1) high tri-
glycerides (�150 mg/dL) or on lipid-lowering therapy; (2)
low HDL-C (<40 mg/dL in men and <50 mg/dL in women) or
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on lipid-lowering therapy; (3) SBP �130 mmHg and/or DBP
�85 mmHg or on antihypertensive treatments; (4) fasting
glucose �100 mg/dL or on antidiabetic therapy; and (5)
waist circumference �90 cm in men and �80 cm in women.
Statistical analysis

The clinical variables are expressed as the mean � standard
deviation (SD) for continuous data and numbers (percent-
ages) for categorical data. Continuous variables were
compared by one-way ANOVA, and categorical variables
were compared by the chi-square test. Multivariable logis-
tic regression analysis was used to determine the odds ratio
(OR) and 95% confidence intervals (CI) of the DMFT index
and decayed, missing and filled teeth with localized stage
Table 1 Baseline clinical characteristics (N Z 1289).

Baseline clinical characteristics Healthy or localize
I periodontitis (N Z

Sex
Male 804 [85.9]
Female 132 [14.1]

Age (years) 29.82 � 5.95
Range (min e max) (18e48)

Service specialty
Army 336 [35.9]
Navy 0 [0.0]
Air force 600 [64.1]

Education level
Up to senior high school 304 [32.5]
College/University degree 608 [65.0]
Postgraduate degree 24 [2.6]

Current betel nut chewer 42 [4.5]
Current tobacco smoker 163 [17.4]
Metabolic syndrome 157 [16.8]
Systolic blood pressure (mmHg) 121.03 � 11.96
Diastolic blood pressure (mmHg) 73.41 � 9.71
Body mass index (kg/m2) 25.37 � 3.74
Waist circumference (cm) 84.03 � 10.78
Blood test
Total cholesterol (mg/dL) 179.66 � 34.73
HDL-C (mg/dL) 49.64 � 10.89
LDL-C (mg/dL) 109.11 � 31.51
Triglycerides (mg/dL) 120.39 � 95.12
Fasting plasma glucose (mg/dL) 92.93 � 15.64
Serum uric acid (mg/dL) 6.46 � 1.44
White blood cell counts (103/uL) 6.95 � 1.69

PPD (mm) 2.92 � 0.05
% of site with PPD 4e5 mm 0.50 � 0.86
% of site with PPD �6 mm 0.00 � 0.00

CAL (mm) 2.93 � 0.06
% of site with CAL 3e4 mm 0.76 � 1.01
% of site with CAL �5 mm 0.00 � 0.00

DMFT index 4.79 � 4.16
Decayed teeth 0.50 � 1.21
Missing teeth 0.75 � 1.36
Filled teeth 3.55 � 3.49

Continuous variables are expressed as mean � SD (standard deviation
HDL-C; high-density lipoprotein cholesterol, LDL-C; low-density lip
attachment loss, DMFT; decayed-missing-filled teeth.
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II/III periodontitis. The covariates were stepwise adjusted
in two models for localized stage II/III periodontitis. In
Model 1, sex, age, betel nut chewing status and tobacco
smoking status were adjusted. In Model 2, metabolic syn-
drome and an inflammation marker, blood total leukocyte
cell count, were further adjusted. A value of p < 0.05 was
considered significant. SPSS statistical software was used
for all statistical analyses (IBM Corp. Released 2017. IBM
SPSS Statistics for Windows, Version 25.0. International
Business Machines Corporation, Armonk, NY, USA).
Results

Table 1 presents the characteristics of the healthy partici-
pants and participants with localized stage I periodontitis
d stage
936)

Localized stage II/III
periodontitis (N Z 353)

p-value

325 [92.1] 0.003
28 [7.9]
31.51 � 5.76 <0.001
(19e45)

135 [38.2] 0.43
0 [0.0]
218 [61.8]

97 [27.5] 0.22
247 [70.0]
9 [2.5]
34 [9.6] <0.001
75 [21.2] 0.11
96 [27.2] <0.001
123.29 � 13.63 0.004
75.09 � 11.57 0.009
26.63 � 3.75 <0.001
88.10 � 10.75 <0.001

187.59 � 36.21 <0.001
47.77 � 10.55 0.006
113.79 � 30.79 0.01
156.86 � 125.84 <0.001
93.17 � 16.06 0.80
6.86 � 1.49 <0.001
7.26 � 1.75 0.004
3.03 � 0.04 <0.001
3.61 � 1.15 <0.001
0.80 � 1.00 <0.001
3.07 � 0.06 <0.001
3.92 � 1.29 <0.001
1.11 � 1.16 <0.001
4.91 � 4.27 0.66
0.80 � 1.70 0.001
0.95 � 1.58 0.02
3.16 � 3.31 0.07

), and categorical variables as N [%].
oprotein cholesterol, PPD; probing pocket depth, CAL; clinical
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(N Z 936) and localized stage II/III periodontitis (N Z 353).
Participants with localized stage II/III periodontitis were
relatively older and had a greater prevalence of males,
betel-nut chewing status, metabolic syndrome. They also
had greater values for SBP, DBP, body mass index and waist
circumference. They had higher serum concentrations of
total cholesterol, LDL-C, triglycerides, uric acid, liver en-
zymes, total leucocyte counts, hemoglobin, and mean PPD
and lower serum HDL-C levels. They also had higher per-
centages of sites with PPD within 4e5 mm, percentages of
sites with PPD �6 mm, mean CAL, percentages of sites with
CAL within 3e4 mm and percentages of sites with CAL
�5 mm. In addition, those with localized stage II/III peri-
odontitis had relatively more decayed and missing teeth.

Table 2 demonstrates the estimates of the risk of
localized stage II/III periodontitis between the two groups,
in which healthy or localized stage I periodontitis was
treated as a reference using multivariable logistic regres-
sion models. Greater decayed tooth numbers were associ-
ated with a higher risk of localized stage II/III periodontitis
in Model 1 [OR: 1.16 (95% CI: 1.07e1.26)] and Model 2 [OR:
1.15 (95% CI: 1.05e2.25)]. In contrast, a greater number of
filled teeth was inversely associated with a lower risk of
localized stage II/III periodontitis in Model 1 [OR: 0.95 (95%
CI: 0.92e0.99)] and Model 2 [OR: 0.95 (95% CI: 0.92e0.99)].

Figure 1 shows the prevalence of localized stage II/III
periodontitis and the numbers of decayed teeth (N Z 0,
1e2, and �3) (A) and filled teeth (N Z 0, 1e2, and �3) (B).
The tendency of having localized stage II/III periodontitis
increased in those who had greater numbers of decayed
teeth (p Z 0.002) or fewer filled teeth (p Z 0.06, as the
filled teeth, N � 3 compared to no filled teeth N Z 0).
Discussion

The present study first uncovered the relationship between
dental caries and periodontitis in young adults. In addition,
we found that the risk of localized stage II/III periodontitis
was positively associated with the number of decayed teeth
but inversely associated with the number of teeth with
fillings in young adults.

Biofilms play an important role in both periodontitis and
dental caries. In periodontitis, plaque accumulation at the
gingival margin causes inflammation and affects the
Table 2 Multivariable logistic regression analysis for localized
odontitis as reference) with DMFT (decayed-missing-filled teeth)

Model 1

Odds ratio (95% CI) p-

DMFT index 0.990 (0.960e1.021) 0.
Decayed teeth 1.159 (1.065e1.262) 0.
Missing teeth 1.039 (0.952e1.133) 0.
Filled teeth 0.952 (0.917e0.989) 0.

Data are presented as odds ratios and 95% confidence intervals (CI) u
Model 1: sex, age, betel nut chewing and tobacco smoking adjustme
Model 2: sex, age, betel nut chewing, tobacco smoking, metabolic sy
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supporting tissue of teeth, resulting in loss of alveolar bone,
cementum and periodontal ligament.13 Unsatisfactory oral
hygiene can increase the risk of periodontitis by two-to
fivefold.17 In caries, the exposure of dental biofilms to di-
etary sugars and their fermentation to organic acids results
in the phasic demineralization and remineralization of
dental hard tissues.18 Theoretically, the etiologies of caries
and periodontal diseases are mutually independent.19 Mi-
crobial diversity appears to be lower in caries than in
healthy individuals, which may reflect the ecological pres-
sure of a more acidic environment. Characteristic features
of these organisms include acidogenicity, acid tolerance
and extracellular polysaccharide formation from dietary
sucrose. Classically recognized organisms, such as mutans
streptococci and lactobacilli, Bifidobacterium dentium,
Scardovia wiggsiae, Schlegelella or Pseudoramibacter,
appear to be present in dentin caries lesions.20e22 Unlike
caries, dysbiosis in periodontal diseases is associated with
an increase in microbial diversity, which could be the result
of impaired local immune function, increased availability of
nutrients or diverse environmental niches at the sampling
site of the periodontal pocket.23,24 In contrast, periodontal
diseases are commonly associated with gram-negative
proteolytic anaerobic species, including Porphyromonas
gingivalis, Treponema denticola, Tannerella forsythia and
Aggregatibacter actinomycetemcomitans.19 Mechanical
and chemical plaque control with fluoridation is essential to
prevent the development of periodontitis and dental
caries.6 In addition, sociobehavioral inequalities within/
between populations have also been shown to be possible
causative factors for both of these diseases.25e27

Similar to our findings, a recent report from a national
survey in Finland found a significant positive association
between periodontitis and untreated dental caries in
adults,5 and data from a recent national survey in Germany
indicated that in adults, there was significantly higher
attachment loss and probing depths at sites where caries
occurred than at sites in which caries did not occur.6
Interestingly, a previous study revealed a negative associ-
ation between dental caries and advanced periodontitis but
not moderate to severe periodontitis.9 In addition, a few
studies also reported a null association between dental
caries and periodontitis in adults.10e12 The conflicting re-
sults might be due to various definitions for periodontitis
and dental caries used in these studies. Frentzen et al. used
stage II/III periodontitis (healthy or localized stage I peri-
index.

Model 2

value Odds ratio (95% CI) p-value

52 0.993 (0.962e1.024) 0.63
001 1.149 (1.055e1.252) 0.001
39 1.037 (0.950e1.132) 0.41
01 0.958 (0.922e0.995) 0.02

sing multiple logistic regression analysis for.
nts.
ndrome and blood WBC adjustments.



Fig. 1 (A) The prevalence of localized stage II/III periodontitis and the numbers of decayed teeth (N Z 0, 1e2, and �3) and (B)
filled teeth (N Z 0, 1e2, and �3).
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the community periodontal index of treatment needs
(CPITN) and decayed-missing-filled surfaces (DMFS) index.11

Kinane et al. used radiographic assessment of bone loss in
quarters of optimum bone height and decayed and filled
teeth,12 and Skier and Mandel used the gingival index,
plaque index and periodontal destruction index.10 In addi-
tion, treatment of dental caries might prevent the occur-
rence of periodontitis, which was shown in the present
study, and this effect was not taken into consideration in
prior studies.

The present study has some limitations. First, it was
impossible to exclude all residual confounders, which might
lead to bias. Second, since this study was a cross-sectional
design, no conclusions regarding the causal relationship
between periodontitis and dental caries or regarding the
incidence of these dental diseases can be made on the basis
of the present study. Therefore, further prospective lon-
gitudinal studies should be performed for clarification. In
contrast, there were several strengths in the present study.
First, we used the latest periodontal classification for
analysis. Second, our study had a large sample size that
could provide sufficient power to make associations be-
tween periodontitis and caries. In conclusion, our study
confirms the relationship between dental caries and peri-
odontitis by direct evidence that the more decayed teeth
there are, the higher the risk of periodontitis and by indi-
rect evidence that the more treated decayed teeth there
are, the lower the risk of periodontitis in young adults.
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