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Abstract

To investigate whether dental status, represented by the DMFT score, was affected by the
presence of NCDs and determined the NCDs that had a greater impact on the DMFT score.
This retrospective cross-sectional study included a total of 10,017 individuals. The presence
of NCDs was investigated based on self-reported medical history recorded on each patient’s
dental hospital record. Individual DMFT score was evaluated on the basis of the dental rec-
ords and panoramic radiographs. The data were further analyzed using multiple regression
analysis and chi-squared automatic interaction detection (CHAID) analysis. A total of 5,388
individuals had more than one NCD among hypertension (HT), diabetes mellitus (DM),
hyperlipidemia, cardiovascular disease (CVD), and osteoporosis. The average DMFT score
was 8.62 £ 7.10 in the NCD group, significantly higher than that in those without NCD (5.53
+5.48) (P < 0.001). In the regression analysis, age, NCDs, and psychiatric problems were
selected as risk factors of DMFT score. In the CHAID decision tree analysis, age was the
risk factor that most influenced the DMFT score. HT was the most influential factor in a
newly generated decision tree excluding age, and osteoporosis, DM, and CVD were impor-
tant risk factors acting in the subgroups. Patients with NCD had worse dental conditions
than those who did not, and some combinations of NCDs related highest risk for a dental
caries-related index. In clinical practice, dentists should provide meticulous care for dental
caries in elderly patients with NCDs, especially when certain diseases, such as HT, osteo-
porosis, DM, and CVD, are present together.
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Introduction

Non-communicable diseases (NCDs) are not transmitted directly from one person to
another and usually present as chronic inflammatory disorders, which progress slowly over
along period of time. NCDs include cardiovascular disease (CVD), cancer, diabetes,
chronic respiratory disease, Alzheimer’s disease, and osteoporosis. They are the leading
cause of morbidity, accounting for 72% of all deaths worldwide, and this proportion is
growing [1]. Several international organizations, medical associations, and global philan-
thropies have implemented various global action plans for prevention and control of NCDs,
especially in low-income and middle-income countries [2]. The core strategies of these poli-
cies usually focus on blocking behavioral and metabolic problems that are known to be
major risk factors for NCDs, such as smoking, unhealthy diets, physical inactivity, obesity,
and hazardous alcohol intake [3].

Oral diseases are a global public health problem with major health and economic impli-
cations, affecting over 3.5 billion people worldwide. The most prevalent oral diseases are
dental caries and periodontal disease [4]. The initiation and progression of these diseases in
each individual is influenced by multiple and diverse combinations of several factors,
including inherited factors such as genetic variants and acquired factors such as social, eco-
nomic, educational, local environment, and lifestyle-related factors [5]. If left untreated,
these diseases can lead to tooth loss, which can reduce masticatory function, cause nutri-
tional problems, and pose a threat to general health. Oral conditions disproportionately
affect the poor and socially disadvantaged members of societies, particularly in low-income
and middle-income countries.

NCDs and oral diseases have several characteristics in common, since they are all multifac-
torial, chronic, and progressive. In particular, oral diseases share some major risk factors with
NCDs associated with excessive sugar consumption, such as diabetes and obesity [6]. More-
over, oral diseases are chronic inflammatory conditions in nature, and therefore impose a
long-lasting inflammatory burden on the whole body. For these reasons, research on the bidi-
rectional relationship between oral diseases and other NCDs has received increased attention
in recent years [7-9]. While most studies have demonstrated plausible relationships between
them, the actual causes and mechanisms underlying these relationships remain to be
elucidated.

Most of the related studies to date have focused on elucidating the relationship between
NCDs and periodontitis among oral diseases [10-12]. Thus, the correlations between NCDs
and other tooth-related diseases, such as caries, retained roots, and missing teeth, have
received relatively less attention. The most commonly used caries index is the DMFT (decayed,
missing, filled teeth) score, which counts the number of decayed, missing, and filled teeth due
to dental caries [13]. This index is based on an individual’s past and present caries experience,
and reflects the dental health status. Data mining is useful to extract useful information from
large databases and visualize it so that it can be easily interpreted, and the decision tree has
recently gained prominence as the most effective method for data mining in medical research
[14, 15]. Therefore, this study aimed to build a prediction model using Chi-square automatic
interaction detection (CHAID) analysis (a decision tree algorithm) of a large-scale sample to
identify the NCDs that had a greater impact on the DMFT score.

Material and methods

The protocol of this study was approved by the Institutional Review Board of Pusan National
University Dental Hospital (PNUDH-2019-047). In this study, no consent form was obtained
as data were analyzed retrospectively and anonymously based on hospital records.
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Study design and data collection

This retrospective cross-sectional study was conducted using data obtained from a hospital
(Pusan National University Dental Hospital, Yangsan city, Korea) chart review and examina-
tion of dental panoramic radiographs. Among the subjects who visited the Department of Peri-
odontics between 2014 and 2019, a total of 10,017 individuals (5,255 female and 4,792 male)
who underwent panoramic radiography on the first day of their hospital visit were included in
this study. All procedures outlined below were investigated and recorded by one experienced
dentist.

The presence of NCDs was investigated on the basis of self-reported medical history
(PMH) recorded on the initial chart of each patient’s electronic dentistry record (EDR). Gen-
erally, only the medical histories of the patient diagnosed by the relevant specialist were
recorded in the PMH of the initial examination record. The following diseases were considered
as NCDs: hypertension (HT), diabetes mellitus (DM), hyperlipidemia, cardiovascular disease
(CVD), osteoporosis, cancer, thyroid disease, liver disease, arthritis, respiratory disease, renal
disease, and dementia. Clear infectious diseases were not considered NCDs, and patients with
more than one disease were included in the classification of each disease in duplicate or more,
depending on the number of diseases.

The patient’s dental status was examined based on the EDR and panoramic radiographs.
The numbers of total, decayed (DT), missing (MT), filled (FT), and teeth with C4 caries (teeth
showing destruction of the entire tooth crown) were assessed. The number of DTs included
teeth with advanced caries to the extent that they could be clearly distinguished on radio-
graphs. Teeth with filling or restorative material that could be seen on radiographs were
counted as FT's. Teeth filled with temporary restorations recorded in EDR were classified as
DTs. The DMFT score was calculated by summing up the numbers of DTs, MTs, and FTs.
DMEFT rates were calculated as a percentage by dividing the DMFT score by the number of
teeth.

Sample size determination

The sample size was established considering an effect size of 0.002, a significant level of 0.05,
and a power of 95% in regression analysis (G*power ver. 3.1.9.7). It was determined that
approximately 9,896 subjects would be needed. A total of 10,017 subjects enrolled to this
study.

Statistical analysis

Data are presented as mean * standard deviation for continuous variables and as numbers and
percentages for categorical variables. Descriptive statistics were generated for general health
variables and variables related to dental status. An independent t-test was used to analyze the
significant differences between the variables representing dental status in the group according
to the presence of NCDs. A multiple regression analysis was performed to explore the signifi-
cance of age, sex, NCDs, smoking, and psychiatric problem, as predictor variables for the
DMEFT scores. Statistical significance was set at p < 0.05.

CHAID analysis, a decision tree algorithm, was used to identify the most important risk fac-
tors associated with NCDs from a pool of several potential risk factors that were extracted by
reviewing EDRs. The decision tree was created using the following procedure: the most signifi-
cant risk factor (the one with the largest Chi-square value) divides the entire patient population
into >2 subgroups. These groups are subsequently subdivided by the next most significant
risk factor. The analysis continues in this step-by-step manner to select the most influential
variable at each stage until there are no more significant risk factors [16]. In other words, one
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node was separated if the p value met the adjusted significance value (p < 0.05), and con-
versely, if not, it was considered a terminal node. Analyses were performed using SPSS soft-
ware (IBM Corp. 23.0, Armonk, NY, USA).

Results
Baseline characteristics of the study population

Data based on hospital records from 10,017 patients were included in this analysis. The base-
line characteristics of the patients are presented in Table 1. The mean age of the patients was
52.91 + 12.69 years. Of the 10,017 patients, 4,792 were male, and 5,225 were female, with a
male:female ratio of 0.91:1. Among the patients included, 5,388 (53.8%) had more than one
NCD. The most common NCDs were HT (2,139, 21.3%), DM (1,067, 10.6%), hyperlipidemia
(882, 8.8%), CVD (799, 8.0%), osteoporosis (397, 4.0%), and other diseases, including cancer
(387, 3.8%), liver disease (336, 3,4%), arthritis (220, 2.2%), respiratory disease (147, 1,4%), and
dementia (45, 0.4%). Among the selected participants, 845 patients were smokers, while 233
had been diagnosed with psychiatric problems such as depression and sleep disorders.

Dental status according to the presence of NCDs

After grouping patients according to the presence or absence of NCDs, the number of residual
teeth, DTs, MTs, FTs, DMFT score, and teeth with C4 caries were investigated and analyzed
(Table 2). The average number of residual teeth was 23.83 + 5.05 and 25.57 + 3.57 in patients
with and without NCDs, respectively. The average DMFT score and DMFT rate were

8.62 + 7.10 and 30.80 + 25.38 in patients with NCDs, respectively, which were significantly
higher than those in patients without NCDs (5.53 + 5.48 and 19.74 * 19.60, respectively). In
patients with NCDs, the number of teeth that progressed to C4 caries was 0.15 + 0.76, which
was also significantly higher than that in patients without NCDs (0.07 + 0.45). In other words,

Table 1. Patient characteristics.

Subjects (n = 10017)

Age, mean + SD 52.91 +12.69
Sex
Male, n (%) 4792 (47.8)
Female, n (%) 5225 (52.2)
NCD, n (%) 5388 (53.8)
hypertension 2139 (21.3)
diabetes mellitus 1067 (10.6)
hyperlipidemia 882 (8.8)
cardiovascular disease 799 (8.0)
osteoporosis 397 (4.0)
cancer 387 (3.9)
thyroid disease 384 (3.8)
liver disease 336 (3.4)
arthritis 220 (2.2)
respiratory disease 147 (1.5)
renal disease 144 (1.4)
dementia 45 (0.4)
Smoking, n (%) 845 (8.4)
Psychiatric problem, n (%) 233 (2.3)

https://doi.org/10.1371/journal.pone.0257079.t001
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Table 2. Analysis of dental status according to the presence of NCDs.

NCD P value
Yes (n = 5388) No (n = 4629)
Residual teeth (n, mean + SD) 23.83 £+ 5.05 25.57 + 3.57 < 0.001
DT (n, mean + SD) 0.76 £ 1.73 0.48 + 1.16 < 0.001
MT (n, mean + SD) 4.17 £5.05 2.43 £3.57 < 0.001
FT (n, mean + SD) 3.69 £ 3.22 2.62 £2.80 < 0.001
DMFT (n, mean + SD) 8.62+£7.10 5.53 +5.48 < 0.001
DMFT rate (%, mean + SD) 30.80 £ 25.38 19.74 £ 19.60 < 0.001
C4 caries (n, mean + SD) 0.15+0.76 0.07 £ 0.45 < 0.001

DT: decayed teeth; MT: missing teeth; FT: filled teeth; DMFT: the sum of DT, MT, and FT; DMFT rate: (DMFT score/ the number of teeth) x 100.

https://doi.org/10.1371/journal.pone.0257079.t002

patients with NCDs had fewer residual teeth, higher values for all DMFT-related indices, and
more permanent teeth with severe caries experience, such as root rest, than patients without
NCDs, and these data indicated that their teeth health status was worse than that of patients
without NCDs.

Multiple regression analysis to identify the relationship between risk
factors and DMFT scores

Multiple regression analysis was performed to analyze the relationship between DMFT and
sex, age, smoking, psychiatric problems, and presence of NCDs, which are information that
can be obtained from EDR (Table 3). As a result of analysis of all subjects, it was found that
among the risk factors, age, presence of NCDs, and psychiatric problem significantly affected
DMEFT scores. In other words, it was found that the DMFT score increased with increasing
age, with NCDs, or with psychiatric problems. According to the WHO quantification for
DMEFT (1986), DMFT 4.5 or higher is classified as high risk. Therefore, we separated subjects
with a DMFT score of 4.5 or higher and re-evaluated the relationship between risk factors and
DMEFT score. The risk factors found to have a significant relationship with DMFT scores were
the same as the results of the previous analysis for all subjects, and the relevance was also the
same.

Table 3. Multiple regression analysis of effect of risk factors on DMFT score.

Dependent variable Predictors Unstandardized Coefficients Standardized coefficients t Sig.
B Sta. Error beta

DMET score Sex (M) -0.035 0.119 -0.003 -0.297 0.766
Age 0.231 0.005 0.453 45.958 < 0.001
Smoking 0.158 0.216 0.007 0.734 0.463
R?=0.222 Psychiatric problem 1.575 0.385 0.037 4.095 < 0.001
NCDs 0.446 0.129 0.034 3.446 0.001
constant -5.477 0.314 -17.421 < 0.001
DMET score (> 4.5) Sex (M) 0.090 0.151 0.008 0.601 0.548
Age 0.197 0.007 0.383 27.993 < 0.001
Smoking 0.258 0.287 0.012 0.899 0.368
R*=0.160 Psychiatric problem 1.614 0.449 0.045 3.496 < 0.001
NCDs 0.327 0.161 0.028 2.028 0.043
constant -0.368 0.448 -0.822 0.411

https://doi.org/10.1371/journal.pone.0257079.t003
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Decision tree analysis to identify the predictors related to DMFT scores

Decision tree analysis of all subjects. Using the CHAID algorithm, we generated a deci-
sion tree to determine the priority of factors related to the DMFT score. The purpose of the
analysis was to identify the most important factors among the potential risk factors based on
the collected data, such as age, sex, type of NCD (including HT, DM, hyperlipidemia, CVD,
osteoporosis, cancer, thyroid disease, liver disease, arthritis, respiratory disease, renal disease,
and dementia), smoking, and psychiatric problems. The maximum number of nodes and max-
imum depth were not limited, and the minimum size of each node was also not set.

All individuals were divided into 14 subgroups through different branches from the root
node to the leaf node (Fig 1). The mean DMFT score varied from 2.75 to 15.95. Among the
potential risk factors, the top-level node of the CHAID classification decision tree (primary
split) was “age.” It divided the patients into three subgroups based on the age interval of 51 to
62 years, and the DMFT scores were 4.13 + 4.23,7.34 £ 6.09, and 11.77 + 7.64 for each age sub-
group (age < 51 years, 51 years < age < 62 years, 62 years < age). The next decision split was
also based on age. The subgroups were divided by different factors at the third-level split: sex,
DM, and osteoporosis. In patients aged below 51 years, sex was the factor of the third split in
some of the subgroups, and the DMFT score was higher in men in the same age group. For the
age groups of 51-56, 59-62, and 62-68 years, the third-level split was based on DM status, and
the DMFT score was higher in patients with DM. For patients aged > 68 years, osteoporosis
was the third-level split factor. In particular, if the patient was over 68 years old and had osteo-
porosis, the DMFT score was 15.95 + 7.95, the highest among the 14 subgroups.

Considering the finding that the top two levels in Fig 1 were split by age, we generated a
new decision tree model using CHAID by excluding age among the candidate risk factors. In
this tree, all patients were split by seven terminal nodes through different branches from the

Node 0 Node no.
mean = SD 6.95 + 647 DMFT mean + SD
N(%) 10017 (100) N(%)

Age
Adj. P value < 0.000
F=1227.189

>62

Node 1 Node 2 Node 3
413 £423 7.34 £ 6.09 11.77 £ 7.64
4133 (41.3) 3763 (37.6) 2121 (21.2)
Age Age Age
Adj. P value < 0.000 Adj. P value < 0.000 Adj. P value < 0.000
F=67221 F=30.953 F=150.524
1 | |
[ T T 1 [ I 1 [ 1
= ?5 35i 42 42,47 = |47 =56 56,59 =159
| | | |
Node 4 Node 5§ Node 6 Node 7 Node 8 Node 9 Node 10 Node 11 Node 12
275+3.18 3.89 391 4.49 + 435 5.25 £ 4281 6.59 £ 5.67 7.64 £6.23 8.48 + 6.49 9.99 + 6.87 13.95 £ 7.96
993 (9.9) 956 (9.5) 1113 (11.1) 1071 (10.7) 1789 (17.9) 1081 (10.8) 893 (8.9) 1168 (11.7) 953 (9.5)
I T T T
Sex Sex DM DM DM Osteoporosis
Adj. P value = 0.043 Adj. P value =0.018 Adj. P value < 0.000 Adj. P value = 0.020 Adj. P value < 0.000 Adj. P value < 0.001
F=4.095 F=5.615 F=30.590 F=5424 F=12.656 F=11457
| | | | | |
F M E M N Y N X N Y N Y
| 1 | 1 | | | 1 ] | 1
Node 13 Node 14 Node 15 Node 16 Node 17 Node 18 Node 19 Node 20 Node 21 Node 22 Node 23 Node 24
3.63 £3.75 4.14 + 404 4.92 + 4.54 5.62 +5.07 6.35+549 8.81 £ 6.76 8.27 £ 6.30 972 £.7.42 9.65 £ 6.79 11.50 £ 7.05 13.57 £ 791 15:95:% 7.95
472 (4.7) 484 (4.8) 565 (5.6) 506 (5.1) 1612 (16.1) 177 (1.8) 766 (7.6) 127 (1.3) 954 (9.5) 214 (2.1) 802 (8.0) 151:(1-5)

Fig 1. A chi-square automatic interaction detection classification tree analysis to identify the predictors related to the DMFT of all subjects. Data were presented
as mean + standard deviation. F, female; M, male; DM, diabetes mellitus.

https://doi.org/10.1371/journal.pone.0257079.9001
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Node 0 Node no.
mean + SD 6.95 + 6.47 DMFT mean + SD
N(%) 10017 (100) N(%)
|
HT
Adj. P value <0.000
F= 35|1.404

[ |
Y N

Node 1

9.24 + 721
2139 (21.4)

Node 2

6.33 £ 6.11
7878 (78.6)

Osteoporosis DM
Adj. P value <0.000 Adj. P value <0.000
F=44370 F=127.566
| I
[ | [ I
N Y
Node 3 Node 4 Node 5 Node 6
8.97 £ 7.06 13.16 + 8.24 6.12 £ 5.96 9.61 £ 723
2001 (20.0) 138 (1.4) 7331 (73.2) 547 (5.5)
[
DM Osteoporosis CVD
Adj. P value <0.000 Adj. P value <0.000 Adj. P value <0.000
F=24.032 F=98.049 F=12.656
I | |
[ | [ I [ |
N Y N Y Y N
Node 7 Node 8 Node 9 Node 10 Node 11 Node 12
8.53 £ 6.89 10.32 + 7.41 599 £ 5.85 9.77 + 7.69 11.71 + 8.56 8.77 £ 6.93
1511 (15.1) 490 (4.9) 7081 (70.7) 250 (2.5) 73 (0.7) 474 (4.7)

Fig 2. A chi-square automatic interaction detection classification tree analysis to identify the predictors related to the DMFT of all subjects;
excluding age. Data were presented as mean + standard deviation. HT, hypertension; DM, diabetes mellitus; CVD, cardiovascular disease.

https://doi.org/10.1371/journal.pone.0257079.9002

root node to the leaf node, with the average DMFT score varying from 5.99 + 5.85 to

13.16 + 8.24 (Fig 2). In the newly created decision tree, the first decision split was based on
HT, and the patients with HT had a DMFT score of 9.24 + 7.21, which was about three more
compared to that of patients without HT. The patients in node 1 (with HT) were split accord-
ing to osteoporosis at the second-level split, and the DMFT score was higher in osteoporosis
patients. At the third-level split, patients with HT and osteoporosis were no longer split, but
patients with HT without osteoporosis were re-split according to DM status. The individual in
node 8 (with HT, without osteoporosis, and with DM) had a DMFT score of 10.32 + 7.41,
which was higher than that of node 7 (with HT, without osteoporosis, and without DM). HT-
free patients on the right side of the decision tree were split by DM status at the second level.

PLOS ONE | https://doi.org/10.1371/journal.pone.0257079  October 6, 2021 7/14


https://doi.org/10.1371/journal.pone.0257079.g002
https://doi.org/10.1371/journal.pone.0257079

PLOS ONE Association of non-communicable disease and dental caries experience

Node 0

§ Node no.
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F=117.054
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42,52 52,55 55, 60 60, 66 66,71 =11
| 1 ] |
Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7
793 £321 9.16 + 4.09 10.36 + 5.04 11.07 £5.32 12.02 + 592 13.47 £6.27 16.67 £7.15
560 (10.2) 1061 (19.4) 612 (11.2) 1127 (20.6) 1024 (18.7) 555 (10.1) 534 (9.8)
T T T
Smoking Smoking DM DM Hyperlipidemia
Adj. P value = 0.044 Adj. P value = 0.043 Adj. P value < 0.001 Adj. P value < 0.001 Adj. P value = 0.002
F=4.080 F=4.097 F=16.927 F=14.848 F=9.810
| | | | ,—||
N Y N Y N Y N g N Y
| | 1 l 1 1 | 1 L L
Node 8 Node 9 Node 10 Node 11 Node 12 Node 13 Node 14 Node 15 Node 16 Node 17
7.83 £3.11 8.66 £ 3.76 9.63 +3.99 981 +472 10.06 + 491 12.70 + 5.49 11.70 £ 5.78 13.59 + 6.33 17.04 +7.21 14.17 £ 6.28
491 (9.0) 69 (1.3) 923 (16.9) 138 (2.5) 544 (9.9) 68 (1.2) 851 (15.5) 173 (3.2) 465 (8.5) 69 (1.3)
T I
Hyperlipidemia Osteoporosis
Adj. P value = 0.044 Adj. P value =0.033
F=4.084 F=4568
| |
1 1
N g N Y

| | | |
Node 18 Node 19 Node 20 Node 21
11.87 £ 584 10.73 +5.36 16.70 £ 7.18 18.56 + 7.19
728 (13.3) 123 (2.2) 381 (7.0) 84 (1.5)

Fig 3. A chi-square automatic interaction detection classification tree analysis to identify the predictors related to the DMFT of subjects with DMFT
score > 4.5. Data were presented as mean + standard deviation. F, female; M, male; DM, diabetes mellitus.

https://doi.org/10.1371/journal.pone.0257079.9003

In the subsequent third-level split, DM-free patients were separated by osteoporosis, and those
with DM were separated by CVD status. In the Fig 2 decision tree, in all nodes, the presence of
a disease corresponded to a higher average DMFT score. Among the 7 terminal nodes, the
average DMFT score (13.16 + 8.24) was the highest among patients with HT and osteoporosis
(node 4), which was about twice the average for all patients (node 0, 6.95 + 6.47).

Decision tree analysis of subjects with high risk of caries (DMFT score > 4.5). Decision
tree analysis was performed on subjects (n: 5,473) with a high risk of caries with a DMFT
score > 4.5, and their DMFT score was 11.27 + 5.83 (Fig 3). Like the decision tree for all sub-
jects (Fig 1), the first split factor was age, which divided node 0 into 7 subgroups. The second
split factor was smoking in those under 52 years of age, DM in those aged 52-55 and 60-66,
and hyperlipidemia in those over 71 years of age. Subjects aged 60-66 years without DM were
re-separated by the third split factor, hyperlipidemia, and DMFT was higher in the absence of
hyperlipidemia. Subjects aged > 71 years and without hyperlipidemia, it was separated by the
third level split factor, osteoporosis, and in these subjects (over 71 years of age, without hyper-
lipidemia, and with osteoporosis), the DMFT score was the highest with 18.56 + 7.19.

In subjects at high risk of caries, another decision tree model was newly generated by
excluding age in the same way as the analysis for all subjects (Fig 4). They were divided by HT
at the first level, and the second split factor was sex in the presence of HT and DM in the
absence of HT. At the third level, node 3 (female subjects with HT) was re-separated by CVD,
node 4 (male subjects with HT) by DM, node 5 (subjects without HT and DM) by osteoporo-
sis, and node 6 (subject without HT and with DM) by CVD, respectively. Female subjects with
HT and CVD (node 7) had the highest DMFT scores (15.81 + 7.18).
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Discussion

One of the most common oral diseases, dental caries, is characterized as a biofilm-related,
sugar-driven, multifactorial, and dynamic disease. Modifications in lifestyle, diet, and behav-
ioral factors are known to affect not only the occurrence of new lesions, but also the potential
for progression of existing lesions [5]. Therefore, proper control of the multiple factors affect-
ing dental caries is important to effectively reduce its prevalence. In contrast to the extensive
literature on periodontitis, only some studies have attempted to determine the correlations
between dental status and various systemic diseases [17, 18], but a clear causal relationship has
not yet been established since a wide range of genetic predispositions to behavioral traits are
involved as common risk factors for these diseases [7]. To our knowledge, no previous study
has assessed the effects of multiple NCDs, not each disease, on dental conditions in more than
10,000 patients. In addition to the type of NCD, age, sex, smoking, and psychiatric problems
were also included as risk factor candidates in the present study, and the priority of these fac-
tors in terms of their impact on the DMFT score was assessed using a decision tree algorithm.

The results of our study suggest that in patients with at least one NCD, all of the indices
reflecting the dental status showed a significantly negative trend, i.e., the number of residual
teeth was lower and the number of caries-experienced teeth was higher. These findings con-
firmed a correlation between the dental status and NCDs. In one study on the possible link
between dental diseases and atherosclerosis in patients on hemodialysis, C4 teeth, the MT
index, and the DMFT score were significantly higher in the patient group. On the other hand,
there was no difference in periodontal pocket depth regardless of systemic disease [19]. In par-
ticular, with regard to tooth loss, a recent meta-analysis that included more than 8 million
patients reported that the loss of one tooth increases the risk of both coronary heart disease
and stroke by 1.5% each [20]. This was also demonstrated in another study that indicated a sig-
nificant relationship between oral health and CVD by demonstrating that patients with more
than 18 missing teeth had a 2.5-fold higher risk of CVD [18]. The long-term drug intake
required for systemic disease control in patients with NCDs can cause reduced saliva flow and
dry mouth, leading to oral microbial dysbiosis, which can be detrimental to oral health [21].
Oral microbial dysbiosis has been recently recognized as an essential factor in the initiation of
dental caries and periodontitis, which are two representative oral diseases [22, 23].

The prevalence of NCDs and oral diseases is usually known to increase with age because of
their chronic and progressive nature. In our data analysis using a decision tree algorithm to
determine the priority of DMFT-related factors, age was the most influential factor among the
risk factor candidates. According to one study that examined the DMFT score in Korean
elderly patients, the oral health status, including the DMFT score and the numbers of missing
and residual teeth, significantly differed between elderly and aged individuals. Therefore, age
could be a strong risk factor for tooth loss among elderly people [24]. Physiological age-driven
changes, such as a decrease in salivation, changes in salivary composition, and immunosenes-
cence, eventually disrupt the homeostasis of the oral microbiome [25]. In addition, environ-
mental age-driven changes such as gingival recession and the presence of complicated dental
restorations make oral hygiene management more difficult. A combination of these factors
can lead to an increase in the DMFT score with age.

HT, osteoporosis, DM, and CVD were decisive factors when the decision tree was newly
generated (Fig 2) in all subjects by excluding age from the candidate risk factors to rule out the
effect of age on the DMFT score. Of course, these are the high-ranked diseases in patients with
more than one NCDs, but the fact that they did not include hyperlipidemia, the third most
common disease in patients with NCDs, suggests that these relationships are not simply based
on disease frequency. Among the seven terminal nodes in the newly created decision tree, the
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1467 (26.8) 4006 (73.2)
| |
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Node 7 Node 8 Node 9 Node 10 Node 11 Node 12 Node 13 Node 14
15.81 £ 7.18 13.01 £ 6.39 11.30 £ 5.64 1251 £ 6.11 10.46 £ 537 13.14 £ 6.77 1492 £ 7.37 1232 £5.92
130 (2.4) 597 (10.9) 518 (9.5) 222 (4.1) 3464 (63.3) 175 (3.2) 55(1.0) 312 (5.7)

Fig 4. A chi-square automatic interaction detection classification tree analysis to identify the predictors related to the DMFT of subjects with DMFT
score > 4.5; excluding age. Data were presented as mean * standard deviation. HT, hypertension; F, female; M, male; DM, diabetes mellitus; CVD, cardiovascular
disease.

https://doi.org/10.1371/journal.pone.0257079.9004

DMEFT score was the highest among HT patients with osteoporosis, which was about twice as
much as that of the fewest cases. In addition, the group that showed the highest DMFT score
among the 14 terminal nodes in the first generated decision tree (Fig 1), which included age,
consisted of patients over 68 years of age with osteoporosis. This was similarly observed in the
decision tree (Figs 3 and 4) regenerated by separating subjects with high caries risk (DMFT
score > 4.5). Vascular tissue and bone appear to share some common mechanisms in the regu-
lation of the skeletal and cardiovascular systems [26], and the pathophysiological link between
HT and osteoporosis has been supported by several biological and epidemiological studies [27,
28]. Moreover, deterioration of diet quality can act as a common link connecting dental caries,
HT, and osteoporosis. In particular, the concentrations of calcium, phosphate, and vitamin D
are known to be involved in the regulation of bone metabolism and blood pressure, and are
reported to affect the DMFT score depending on the concentrations in the dental plaque [29,
30]. This study confirmed that the simultaneous presence of HT and osteoporosis acts as a
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strong risk factor affecting the DMFT score through the various connectable routes discussed
above.

Of the seven terminal nodes of the newly created decision tree (Fig 2) in all subjects, the
group with the second-highest DMFT was the group with both DM and CVD among
patients without HT. This was also founded in the decision tree (Fig 4) regenerated by
excluding age in the high caries risk subjects. The strong relationship between DM and
CVD has been a topic of concern among clinicians and researchers, and it involves a com-
plex interplay between numerous pathophysiologic mechanisms, including abnormalities
of glucose homeostasis, which can trigger several alterations in cardiovascular structure
and function [31]. Moreover, the CVD risk in diabetic patients is significantly modified by
a variety of genetic factors, such as variations in haptoglobin genotypes and apolipoprotein
E gene, and epigenetic factors [32, 33]. Among these factors, glucose homeostasis has also
been reported to correlate with the DMFT score [34]. A recent study reported that tooth
loss could be a good predictor of CVD risk [35], and our study demonstrated that the
simultaneous presence of CVDs and DMs contributed to a high DMFT score, confirming
the presence of inverse relationships as well.

CHAID analysis was performed to prioritize factors affecting the DMFT score in subjects
with high caries risk (DMFT score > 4.5). As with all subjects analyzed previously, age was the
first split factor, but did not act as the second level split factor. It can be inferred that the higher
the DMFT score, that is, the higher the caries risk, the relatively reduced the effect of age on
the DMFT score. Age, DM, and osteoporosis acted as split factors in all subjects and subjects
with high caries risk, whereas smoking and hyperlipidemia acted as split factors only in sub-
jects with high caries risk. Smoking acted as a second-level split factor under the age of 52,
which is a relatively younger age group compared to other groups, and it can be inferred that
the effect of smoking was relatively emphasized due to the low frequency of NCDs in this
group. Smoking was not classified as a risk factor in regression analysis, but acted as a split fac-
tor in decision tree analysis. This suggests that smoking alone is not a high risk factor for
DMFT, but may act as a risk factor when combined with other factors. When decision tree
regenerated except for age in subjects at high risk for caries, HT, CVD, DM, and osteoporosis
acted as major spilt factors as in all subjects. In this decision tree (Fig 4) the patients with HT
and CVD showed the highest DMFT score, similarly to the patients with HT and osteoporosis
in decision tree for all subjects (Fig 2). The subgroup with the second highest DMFT score was
the group with both DM and CVD among patients without HT in both decision tree (Figs 2
and 4). Through this, it was found that HT, CVD, DM, and osteoporosis act as major risk fac-
tors for the DMFT score regardless of the high risk of caries.

Conclusion

In conclusion, in this large hospital record-based cohort study using decision tree algorithms,
we found that NCD patients had worse dental status than healthy subjects, and age and combi-
nations of some NCDs, such as HT, osteoporosis, DM, and CVD, could act as strong risk fac-
tors for dental caries indicators. In clinical practice, dentists need to be more active in the
treatment of patients with NCDs, especially those simultaneously presenting with HT, osteo-
porosis, DM, and CVD at the same time, to prevent tooth loss due to dental caries.
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