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Abstract
Aims/hypothesis Inflammation plays an important role in the development of diabetes, a major global health problem.
Periodontal disease is also common in the general population. Because periodontal disease and poor oral hygiene can provoke
transient bacteraemia and systemic inflammation, we hypothesised that periodontal disease and oral hygiene indicators would be
associated with the occurrence of new-onset diabetes.
Methods In this study we analysed data collected between 2003 and 2006 on 188,013 subjects from the National Health
Insurance System-Health Screening Cohort (NHIS-HEALS) in Korea who had no missing data for demographics, past medical
history, oral hygiene indicators or laboratory findings. The presence of periodontal disease was defined on the basis of a modified
version of ICD-10 codes (Korean Classification of Disease, sixth edition), if claims for treatment for acute periodontitis (K052),
chronic periodontitis (K053) and periodontosis (K054) were made more than two times by a dentist, or if, according to medical
records, subjects received treatment by a dentist for periodontal disease with ICD-10 codes K052, K053 or K054. Oral hygiene
behaviours (number of tooth brushings, a dental visit for any reason and professional dental cleaning) were collected as self-
reported data of dental health check-ups. Number of missing teeth was ascertained by dentists during oral health examination.
The incidence of new-onset diabetes was defined according to ICD-10 codes E10–E14. The criterial included at least one claim
per year for both visiting an outpatient clinic and admission accompanying prescription records for any glucose-lowering agent,
or was based on a fasting plasma glucose ≥7 mmol/l from NHIS-HEALS.
Results Of the included subjects, 17.5% had periodontal disease. After amedian follow-up of 10.0 years, diabetes developed in 31,545
(event rate: 16.1%, 95% CI 15.9%, 16.3%) subjects. In multivariable models, after adjusting for demographics, regular exercise,
alcohol consumption, smoking status, vascular risk factors, history of malignancy and laboratory findings, the presence of periodontal
disease (HR 1.09, 95% CI 1.07, 1.12, p < 0.001) and number of missing teeth (≥15 teeth) remained positively associated with
occurrence of new-onset diabetes (HR 1.21, 95% CI 1.09, 1.33, p< 0.001, p for trend <0.001). Frequent tooth brushing (≥3 times/
day) was negatively associated with occurrence of new-onset diabetes (HR 0.92, 95% CI 0.89, 0.95, p < 0.001, p for trend <0.001).
Conclusions/interpretation Frequent tooth brushing may be an attenuating factor and the presence of periodontal disease and an
increased number of missing teeth may be augmenting factors for the occurrence of new-onset diabetes. Improving oral hygiene
may be associated with a decreased risk of occurrence of new-onset diabetes.
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Introduction

Over the last century, diabetes has become one of the largest
global health emergencies in both Eastern andWestern countries
[1, 2]. Besides the well-known microvascular complications of
diabetes, such as nephropathy, neuropathy and retinopathy, there
is an expanding epidemic of macrovascular complications,
including diseases of the carotid, cerebral, coronary and periph-
eral arteries [3]. Currently, several preventive strategies for new-
onset diabetes have been suggested that include controlling
factors related to a healthy lifestyle, such as maintaining proper
weight and waist circumference, increasing regular exercise or
physical activity, practising healthy dietary habits and undergo-
ing regular physical examinations for identifying risk factors [4].
However, disease-modifying drugs and preventive methods for
occurrence of new-onset diabetes are still lacking.

Periodontal disease is one of the most common diseases in
the general population [5], involving a set of inflammatory
reactions affecting the surrounding tissues of the teeth, such
as the gingiva, periodontal ligaments and alveolar bone, which
may ultimately cause tooth loss and elicit systemic inflamma-
tion [6]. In addition to periodontal disease, there are also indi-
cators, such as frequency of tooth brushing, frequency of
professional dental cleaning and number of missing teeth, that
are closely related to oral hygiene [7–9]. Periodontal disease
and poor oral hygiene indicators are associated with

cardiovascular diseases, including hypertension, stroke,
myocardial infarction and long-term mortality [10, 11].

Inflammatory reactions are an important cause of diabetes
via increasing insulin resistance and endothelial dysfunction
[12]. In a cross-sectional population-based sample, a positive
relationship between inflammation and diabetes was demon-
strated [13]. Because periodontal disease is a microbially trig-
gered chronic inflammatory disease, associated systemic
inflammatory reactions from the invasion of oral bacteria
and release of inflammatory mediators could affect glycaemic
control [14]. It is therefore plausible that systemic and chronic
inflammatory reactions derived from periodontal disease or
poor oral hygiene may impact the occurrence of new-onset
diabetes [14, 15]. Furthermore, paradoxically, transient
bacteraemia is also caused by regular tooth brushing, even in
individuals with good oral health [16]. However, studies
regarding the association of periodontal disease and oral
hygiene indicators with the occurrence of new-onset diabetes
are lacking, particularly in a longitudinal setting.

We hypothesised that improved oral hygiene would be asso-
ciated with decreased risk of new-onset diabetes and that peri-
odontal disease and poor oral hygiene would be related to
increased risk of new-onset diabetes. Themain aim of this study
was to characterise the relationship between periodontal disease
and new-onset diabetes. The secondary aim of this study was to
identify associations of other oral hygiene indicators with new-
onset diabetes in a nationwide population-based cohort dataset.

Methods

Data sources The National Health Insurance System (NHIS)
collects information on demographics, socioeconomic status

Research in context

What is already known about this subject?

Inflammatory reactions are an important cause of diabetes via increasing insulin resistance and endothelial 
dysfunction

Because periodontal disease and poor oral hygiene can provoke transient bacteraemia and systemic inflammation, 
this immune process may be associated with the occurrence of new-onset diabetes

What is the key question?

Is there an association between oral hygiene indicators and the risk of new-onset diabetes?

What are the new findings?

Frequent tooth brushing was associated with a decreased risk of new-onset diabetes, while the presence of 
periodontal diseases and an increased number of missing teeth were positively associated with the risk of new-
onset diabetes

How might this impact on clinical practice in the foreseeable future?

Improving oral hygiene, e.g. by frequent tooth brushing, may decrease the risk of new-onset diabetes
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and type of health insurance coverage, with a medical data-
base for diagnosis and treatment modality information. In
Korea, the NHIS is the sole insurance provider, covering
about 97% of the Korean population, and is controlled and
supported by the Korean government. The remaining 3% of
the population is supported by the Medical Aid programme.
Subscribers to the NHIS are recommended to receive
standardised medical health examinations every 2 years [17].
In 2015 the NHIS constructed the NHIS-National Health
Screening Cohort (NHIS-HEALS) database with the aim of
making useful data available to health researchers [18]. The
database contains information on 514,866 individuals through
random sampling of data on 50 million individuals who
attended the medical health examinations. We analysed data
from this database in the present study [18]. The height,
weight, laboratory tests, questionnaires on lifestyle, oral health
status and oral hygiene behaviours of these individuals were
all assessed by the NHIS. The standardised medical health
examinations include an oral disease and oral hygiene behav-
iour screening programme for subscribers aged ≥40 years.
This screening programme consists of a self-reported ques-
tionnaire regarding information about dental symptoms,
dental visits during the last year and oral hygiene behaviour
and an examination by a dentist for the presence of tooth
conditions, including number of missing teeth. If dental prob-
lems were present, improved oral hygiene practices were
recommended [10].

Subjects As mentioned above, our study was based on data
from the NHIS-HEALS database. Subjects were enrolled from
2003 to 2006 and followed up for incident diabetes until 2015.
Subjects had to be free from diabetes for more than 1 year to
rule out individuals with diabetes at the beginning of the study.
All subjects had received routine medical examinations and
information was obtained on medical histories, including age,
sex, socioeconomic status, regular exercise, alcohol consump-
tion, smoking status, BMI, blood pressure, comorbidities, labo-
ratory tests and oral hygiene indicators. NHIS-HEALS
comprised data on 514,866 individuals. In our study, among
these individuals, those with missing data for variables such
as oral health status (n = 296,718) or health examination (n =
5093) were excluded. We also excluded individuals (n =
25,042) who had already been diagnosed with diabetes (ICD-
10 codes E10–E14, http://apps.who.int/classifications/icd10/
browse/2016/en). The criteria for a prior diagnosis of diabetes
was having at least one claim per year for glucose-lowering
agents or at least one fasting plasma glucose ≥7 mmol/l result
from the NHIS-HEALS database before the index date.
Ultimately, 188,013 subjects were analysed in this study (Fig.
1). This study was approved by Ewha Womans University of
College of Medicine Institutional Review Board (approval
number: EUMC 2018-01-067). Informed consent was waived
because retrospective anonymised data were used.

Definition and measurement of variables Information on
smoking habits and alcohol consumption were obtained by
questionnaire. BMI was defined as participant weight in kilo-
grams divided by the square of participant height in metres.
Regular physical exercise was considered to be strenuous
physical activity performed for at least 20 min more than once
per week [19]. Economic status was dichotomised at the
bottom 10%. Hypertension was defined using ICD-10 codes
I10–I11 and the prescription of an antihypertensive agent with
at least one claim per year. Dyslipidaemia was defined using
ICD-10 code E78 and the prescription of a lipid-lowering
agent, including statins, with at least one claim per year.
Smoking status was categorised into none, former smoker,
and current smoker. Current smoker was classified according
to theWHO definition as a person who has smoked more than
five packs (100 cigarettes) in a lifetime and smoked daily or
occasionally for the last 28 days. Former smoker was defined
as a person who had smoked more than 100 cigarettes in a
lifetime and had not smoked in the last 28 days [20]. Renal
disease was identified by ICD-10 codes N18.1–N18.5 and
N18.9 with at least one claim per year. Malignancy was
defined by ICD-10 codes C00–D48 with at least one claim
per year. For BMI and blood and urine laboratory findings
more than one result was available and the most recent results
were used in the present study [10].

In line with previous studies [10, 21, 22], the presence of
periodontal disease was defined as claims for treatment for the
modified version of ICD-10 codes used in Korean Health
insurance, Korean Classification of Disease, sixth edition
(acute periodontitis [K052], chronic periodontitis [K053],
and periodontosis [K054]) more than two times by a dentist
or if subjects received treatment by a dentist for periodontal
disease with ICD-10 codes K052, K053, and K054. Oral
hygiene behaviours (frequency of tooth brushing, a dental
visit for any reason, and professional dental cleaning) were
collected as self-reported data of dental health check-ups

514,866 subjects underwent a health 

examination between 2003 and 2006

Missing data for at least one 

oral health status variable

(n = 296,718)

Missing data for at least one 

health examination variable

(n = 5093)

Subjects with prior diagnosis 

of diabetes mellitus

(n = 25,042)

188,013 subjects included in this study

Fig. 1 Flow chart of study subjects
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[10]. Oral hygiene behaviour was categorised by the number
of tooth brushings: 0–1 time, 2 times and ≥3 times per day. A
dental visit for any reason and professional dental cleaning
were dichotomised as never or at least once per year.
Number of missing teeth including wisdom teeth was
ascertained by dentists during oral health examinations [10,
23]. The number of missing teeth was classified as 0, 1–7, 8–
14, and ≥15 regardless of the cause (e.g. periodontal disease or
other dental reason). The index date was defined as the date of
the oral health status examination. If more than two dental
health check-ups occurred between 2003 and 2006, the most
recent results were used for the analysis.

Definition of new-onset diabetes The incidence of new-onset
diabetes was defined as main or secondary diagnosis of diabe-
tes (ICD-10 codes E10–E14). Criteria for this diagnosis
included at least one claim per year for both visiting an outpa-
tient clinic and admission accompanied by prescription
records for any hypoglycaemic agents. Alternatively, at least
one fasting plasma glucose ≥7 mmol/l result from NHIS-
HEALS led to a diagnosis of new-onset diabetes [19].

Statistical analysis We performed χ2 tests and independent
sample t tests for comparison of categorical and continuous
variables, respectively. To evaluate the presence of selection
bias, we investigated standardised differences in demo-
graphics between included and excluded subjects. Because
statistical power to detect differences is based on sample size,
there is the possibility of a false positive using χ2 tests and
independent sample t tests on data from a large sample size.
For this reason, standardised differences of greater than 0.1
were defined as noteworthy.

Kaplan–Meier survival curves with logrank test were used
to evaluate the relationship between oral hygiene indicators
and incidence of new-onset diabetes. Cox proportional hazard
models were applied to determine the association of oral
hygiene indicators and occurrence of diabetes; HRs and 95%
CIs were determined. Multivariable regression models were
constructed with adjustment for Model 1 (age, sex, socioeco-
nomic status, alcohol consumption, regular exercise, BMI,
hypertension, dyslipidaemia, smoking status, renal disease
and history of malignancy), Model 2 (Model 1 + systolic
blood pressure, fasting blood glucose, liver panel [aspartate
aminotransferase, alanine aminotransferase, γ-glutamyl trans-
ferase] and presence of proteinuria), and Model 3 (Model 2 +
periodontal disease, number of tooth brushings, dental visits
for any reason, professional dental cleaning and number of
missing teeth). All subjects with any missing data were
excluded from the statistical analysis, and uni- and multivari-
able analyses were performed on cases with complete data. To
investigate trends for HR based on number of tooth brushings
and number of missing teeth, p value for trend was evaluated.
The linear trend was estimated by number of tooth brushings

as a continuous variable (0–1 time per day as 0, 2 times as 1,
and ≥3 times as 2) and number of missing teeth as a continu-
ous variable (0missing teeth as 0, 1–7missing teeth as 1, 8–14
missing teeth as 2, and ≥15 missing teeth as 3). Subgroup
analyses were performed within demographics and vascular
risk factors for the better understanding of oral hygiene
effects. Interaction between oral hygiene and each subgroup
was tested using a two-sidedWald test in the Cox proportional
hazards regression analyses. The statistical analyses were
performed using SAS software (version 9.2, SAS Institute,
Cary, NC, USA). A p value of less than 0.05 was defined as
statistically significant.

To minimise the effect of missing value and selection bias,
we performed a further sensitivity analysis using multiple
imputation [24]. Missing values were imputed using multivar-
iable imputation by chained equations. This method allows
specification of the multivariable structure in the data as a
series of conditional imputation models that are adapted to
the type of variable. Predictive mean matching was used to
impute continuous variables, binary logistic regression was
used for dichotomous variables and multinomial logistic
regression was used for polytomous variables. Missingness
mechanism was assumed as being missing at random [25].
Five imputed datasets were created and the results were
combined to account for uncertainty in the imputed data.
Themultiple imputationwas performed using theMICE pack-
age in R project, version 3.7.0 (http://www.r-project.org).

Results

When demographics were evaluated by standardised differ-
ences, female and low socioeconomic status was more
frequently noted in excluded subjects (Electronic supplemen-
tary material [ESM] Table 1). Among the included subjects,
the mean age was 53.3 years, 57.9% were men, 34.6% had
hypertension, 16.9% had dyslipidaemia, and 20.5% were
current smokers. Periodontal disease was noted in 17.5%.
Based on the self-reported survey, 44.0% of subjects visited
a dental clinic for any reason and 1.1% were missing 15 or
more teeth. Moreover, 42.6% of the subjects brushed their
teeth ≥3 times per day. Approximately 25.9% of the subjects
had visited a dental clinic for professional dental cleaning at
least once per year (Table 1).

With a median follow-up of 10.0 years (interquartile range
9.2–11.5), the cohort included 31,545 cases of diabetes. The
estimated 10 year event rate was 16.1% (95% CI 15.9%,
16.3%) for new-onset diabetes. Figure 2 shows the Kaplan–
Meier survival curves for new-onset diabetes according to
periodontal disease, number of tooth brushings, dental clinic
visits for any reason, professional dental cleaning and number
of missing teeth. Presence of periodontal disease (p < 0.001)
and number of missing teeth (p < 0.001) were associated with
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an increased risk of new-onset diabetes, whereas the risk of
diabetes occurrence was negatively correlated with profes-
sional dental cleaning (p < 0.001) and frequent tooth brushing
(p < 0.001) (Fig. 2).

In the multivariable analysis, presence of periodontal
disease was associated with new-onset diabetes in Model 1
(HR 1.05, 95% CI 1.03, 1.08, p < 0.001), Model 2 (HR 1.08,
95% CI 1.06, 1.11, p < 0.001) and Model 3 (HR 1.09, 95% CI
1.07, 1.12, p < 0.001). The number of tooth brushings (≥3
times/day) remained negatively correlated with the occurrence
of new-onset diabetes in Model 1 (HR 0.91, 95% CI 0.88,
0.94, p < 0.001, p for trend <0.001), Model 2 (HR 0.92,
95% CI 0.89, 0.95, p < 0.001, p for trend <0.001) and Model
3 (HR 0.92, 95% CI 0.89, 0.95, p < 0.001, p for trend <0.001).
Furthermore, number of missing teeth (≥15 teeth) also
remained positively associated with occurrence of new-onset
diabetes inModel 1 (HR 1.19, 95% CI 1.08, 1.32, p < 0.001, p
for trend <0.001), Model 2 (HR 1.21, 95% CI 1.09, 1.33,
p < 0.001, p for trend <0.001) and Model 3 (HR 1.21, 95%
CI 1.09, 1.33, p < 0.001, p for trend <0.001) (Table 2).

Professional dental cleaning was not significantly associat-
ed with the occurrence of new-onset diabetes in the multivar-
iable analysis, even though this oral hygiene indicator was
negatively correlated with the occurrence of new-onset diabe-
tes in the univariable analysis (Table 2).

In the subgroup analysis, the presence of periodontal
disease was more strongly associated with new-onset diabetes
in the ≤51-years-old group compared with those who were
≥52 years old (p for interaction <0.05) in subjects without
regular physical activity compared with those with regular
physical activity (ESM Table 2). The number of tooth
brushings was also more strongly related to new-onset diabe-
tes in the ≥52-years-old group compared with those who were
≤51 years old, in men compared with women, in subjects
without regular physical activity compared with those with
regular physical activity, and in those with hypertension
compared with those without hypertension (p for interaction
<0.05) (ESM Table 3). The number of missing teeth was more
closely associated with new-onset diabetes in the ≥52-years-
old group compared with those who were ≤51 years old (p for
interaction <0.05) (ESM Table 4). There were no statistical
interactions regarding the relationship of periodontal disease,
number of tooth brushings, and number of teeth lost with new-
onset diabetes in association with other demographics or
comorbidities in the multivariable analysis (ESM Tables 2–4).

The distributions of overall missing data for the baseline
dataset and the dataset excluding subjects with a previous
diabetes history are noted in ESM Table 5. For the sensitivity
analysis with multiple imputation method, 443,264 subjects
without a history of diabetes were included. The characteris-
tics of the subjects in the datasets before and after multiple
imputation are shown in ESM Table 6. In sensitivity analysis
after multiple imputation applying multivariable Model 3,

Table 1 Baseline characteristics of the study population

Characteristics Total

Number of subjects 188,013

Age (years) 53.3 ± 8.6

Male sex 108,870 (57.9)

Socioeconomic status

Fifth quintile (highest) 75,931 (40.4)

Fourth quintile 37,478 (19.9)

Third quintile 26,545 (14.1)

Second quintile 23,828 (12.7)

First quintile (lowest) 23,867 (12.7)

Covered by Medical Aid 364 (0.2)

Alcohol consumption 82,467 (43.9)

Smoking status

Never 130,457 (69.4)

Former smoker 19,064 (10.1)

Current smoker 38,492 (20.5)

Regular physical activity 18,250 (9.7)

Anthropometric measurements

BMI (kg/m2) 23.9 ± 2.8

Systolic blood pressure (mmHg) 125.1 ± 16.4

Diastolic blood pressure (mmHg) 78.3 ± 10.7

Comorbidities

Hypertension 65,063 (34.6)

Dyslipidaemia 31,707 (16.9)

Renal disease 458 (0.2)

History of malignancy 22,532 (12.0)

Medications

Any antihypertensive agents 51,394 (27.3)

Any lipid-lowering agents 13,072 (7.0)

Laboratory findings

Total cholesterol (mmol/l) 5.12 ± 0.93

Fasting blood glucose level (mmol/l) 5.13 ± 0.79

Aspartate aminotransferase (μkat/l) 0.44 ± 0.25

Alanine aminotransferase (μkat/l) 0.42 ± 0.32

γ-Glutamyl transferase (μkat/l) 0.61 ± 0.83

Proteinuria (≥1+ in dipstick test) 5314 (2.8)

Oral health status

Presence of periodontal disease 32,968 (17.5)

Number of missing teeth

0 143,203 (76.2)

1–7 40,157 (21.4)

8–14 2676 (1.4)

≥15 1977 (1.1)

Oral hygiene care

Dental visit for any reason 82,799 (44.0)

Tooth brushing (times/day)

0–1 26,013 (13.8)

2 81,921 (43.6)

≥3 80,079 (42.6)

Dental visit for professional cleaning 48,748 (25.9)

Data are expressed as mean ± SD or n (%)
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presence of periodontal disease was associated with new-
onset diabetes (HR 1.07, 95% CI 1.05 1.09, p < 0.001)
(ESM Table 7). The number of tooth brushings (≥3 times/
day) remained negatively correlated with the occurrence of
new-onset diabetes (HR 0.93, 95% CI 0.89, 0.96, p < 0.001).
Furthermore, the number of missing teeth (≥15 teeth) showed
a marginal association with occurrence of new-onset diabetes
(HR 1.20, 95% CI 0.98, 1.47, p = 0.069] (ESM Table 7).

Discussion

The key findings of our study are that frequency of tooth
brushing was associated with a decreased risk of new-onset
diabetes, and the presence of periodontal disease and missing
teeth (≥15) may augment the risk of new-onset diabetes. In a
previous case−control study in Japan, a lower frequency of
tooth brushing was associated with a higher odds ratio (OR
1.61) of diabetes [26]. Among youths with type 1 and type 2
diabetes, acceptable diabetes control based on HbA1c was
associated with tooth brushing (≥1 time daily: OR 3.10, 95%
CI 1.26, 7.62) [27]. In terms of periodontal diseases and
number of missing teeth, individuals with poorly controlled
diabetes (HbA1c >9.0%) have been reported to have severe

periodontal disease more frequently than those without diabe-
tes (OR 2.90, 95% CI 1.40, 6.03) [28]. Moreover, more severe
periodontal disease was associated with the development of
glucose intolerance in non-diabetic individuals [29]. A US
study reported that adults with diabetes had about twice the
number of teeth missing as individuals without diabetes, and
one in every five cases of edentulism was related to diabetes
[30]. Our results are in concordance with these previous stud-
ies and provide additional information on the link between
oral hygiene and new-onset diabetes in a longitudinal study
in a general population setting.

Nevertheless, in our study the hazard ratios for the devel-
opment of new-onset diabetes based on the presence of peri-
odontal diseases and number of missing teeth were relatively
low compared with those found in previous studies [31].
Similar to our results, in a previous study that defined peri-
odontal disease by ICD-9 code, individuals with new-onset
diabetes had a 1.04 times higher risk for periodontal disease
compared with individuals without new-onset diabetes [32].
In contrast, in a National/European Health Interview Surveys
study, the adjusted odds ratio of periodontal disease for people
with diabetes was 1.22 (95%CI 1.03, 1.45) [31]. Moreover, as
discussed above, in a previous US cross-sectional study,
people with diabetes reported twice as many missing teeth as

Fig. 2 Kaplan–Meier survival curves associated with oral diseases and
oral hygiene behaviours for occurrence of new-onset diabetes. Risk of
new-onset diabetes occurrence depended on the presence of periodontal

disease (a) (p < 0.001), number of tooth brushings (b) (p < 0.001), profes-
sional dental cleaning (d) (p < 0.001), and number of missing teeth (e)
(p < 0.001), but not dental visits for any reason (c) (p = 0.440)
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those without diabetes [30]. A recent meta-analysis of epide-
miological studies regarding the effect of periodontitis on
diabetes showed that there were significant and consistent
results supporting the relationship between periodontal
disease and worsening of glycaemic control in individuals
without diabetes [33]. This discrepancy is likely to be due to
differences in study design, population, definition for presence
of periodontal disease (for example, whether ICD-10 codes or
a validated probing method were used [34]), and methods for
defining new-onset diabetes. Furthermore, the subjects includ-
ed in our study had a higher socioeconomic status than those
who were excluded. In a previous study, high socioeconomic
status was associated with a low incidence of periodontal
disease [35]. The difference in socioeconomic status between
the subjects included and excluded in our study may explain
the lower HR of the presence of periodontal disease for new-
onset diabetes.

In our study, professional dental cleaning was negatively
associated with the occurrence of new-onset diabetes in the
univariable analysis. In a previous case−control study, profes-
sional dental cleaning was demonstrated to possibly reduce
blood inflammatory biomarker levels and HbA1c [36]. The
effectiveness of professional dental cleaning for glycaemic
control was also demonstrated in individuals with type 2
diabetes in a small randomised controlled trial [37]. Even
though our results are in line with these previous studies, the
associations of dental visits for any reason and professional
dental cleaning with the occurrence of new-onset diabetes
were no longer statistically significant in our dataset after
adjusting for various important confounding factors. These
results suggest that other confounding factors are more strong-
ly related than professional dental cleaning to the occurrence
of new-onset diabetes.

In our subgroup analysis, the strength of the association of
periodontal disease, number of tooth brushings and number of
missing teeth with new-onset diabetes varied according to age
(above and below 52 years old, the median age). Although it is
difficult to give a clear reason for this relationship, we assume
that genetic factors, stress, and many other general diseases
may have different effects on periodontal disease, oral hygiene
indicators and new-onset diabetes depending on age.

Although our study did not identify the precise mechanism
underlying the relationship between number of missing teeth
and new-onset diabetes, the following findings could explain
this association. Poor oral hygiene may be related to the
chronic inflammatory process, which affects the supporting
structures of the teeth. Ulceration in periodontal pockets and
teeth loss provide easy access for the translocation of oral
bacteria into the systemic circulation [38], and dysbiosis of
the oral biofilm with high virulence leads to indirect induction
of proinflammatory cytokines [39]. The cytokines increase the
inflammatory burden both locally and systemically.
Moreover, inflammatory biomarkers are elevated in advanced

stages of poor oral hygiene because of systemic inflammation
[40]. Previous studies have reported that an increased level of
inflammatory biomarkers is independently associated with
insulin insensitivity and new-onset type 2 diabetes [41, 42].
Accordingly, the potentiated inflammatory reaction from poor
oral hygiene may evoke impaired glycaemic control.
Moreover, endotoxin lipopolysaccharide (LPS), a component
of oral bacterial cell walls, induces an innate immune reaction.
A previous study showed that blood LPS levels and LPS
activity were significantly increased in individuals with type
2 diabetes compared with those without type 2 diabetes [43].

Our current study has several limitations. First, our results
cannot be generalised to other ethnicities because our dataset
only includes subjects from the Korean population. Second,
because information on oral hygiene indicators was acquired
from a self-reported questionnaire, there may be recall bias.
Third, the definition of the presence of periodontal disease
based on the ICD-10 code using health claim data does not
reflect recently published case definitions and classification
criteria for periodontal disease [34]. Fourth, in our dataset,
different degrees of severity of periodontal disease could not
be investigated. Fifth, although our study was performed with
health claim data regarding dental health check-ups, the infor-
mation of detailed probing depths, attachment loss, and bleed-
ing after probing was lacking. Sixth, because our study design
was retrospective and observational, serial changes in dental
health information during the study period from 2003 to 2006
were not investigated. The study design could also cause a
selection bias, and therefore direct causal relationships cannot
be conclusively determined. Seventh, we could not exclude all
subjects with underlying diabetes because the HbA1c and oral
glucose tolerance tests were not performed during health
check-ups. Eighth, because our dataset came from health
claim data, it was difficult to clearly distinguish between type
1 and type 2 diabetes. Ninth, we could not identify the exact
cause of missing teeth through health examination records.
Tenth, educational level, marital status and blood inflammato-
ry markers, such as C-reactive protein, were not evaluated
because NHIS-HEALS did not include this information.
Finally, the exclusion of many subjects may have also led to
selection bias.

In conclusion, frequent tooth brushing may be an attenuat-
ing factor for the risk of new-onset diabetes, and the presence
of periodontal disease and increased number of missing teeth
may be augmenting factors. Improving oral hygiene may be
associated with a decreased risk of occurrence of new-onset
diabetes.

Data availability The data that support the findings of this study are
available from NHIS-HEALS, but restrictions apply to the availability
of these data, which were used under licence for the current study and
so are not publicly available. Data are, however, available from the
authors upon reasonable request and with permission from the National
Health Insurance System.
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