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Abstract: To evaluate the relationship between tooth loss and meta-

bolic syndrome (MS) in South Korean adults.

Subjects and Methods: A total of 3589 adults (1511 men and 2078

women aged over 40 years) from the 2012 Korean National Health and

Nutrition Examination Survey were included and divided into 3 groups

according to the number of remaining teeth (0–19, 20–27, and 28). We

recorded the number of remaining teeth and measured MS components

such as waist circumference, systolic and diastolic blood pressure,

fasting blood glucose, serum high-density lipoprotein-cholesterol,

and triglyceride concentration. We also calculated the number of

subjects who met the inclusion criteria of MS in each group. Multiple

logistic regression analysis was performed to estimate the prevalence of

MS components according to the number of remaining teeth after

adjusting for covariates.

Women without MS had significantly more teeth than those with MS

(24.5� 0.2 vs 21.0� 0.3). In men, the prevalence of high blood pressure

and high fasting blood glucose levels were significantly different among

the 3 groups (P¼ 0.003 and P< 0.001, respectively); however, the

prevalence of MS and all MS components were significantly different

in women (P< 0.001 for all comparisons). Men with 0 to 19 remaining

teeth were most likely to have high blood pressure and high fasting blood

glucose, while women with 0 to 19 remaining teeth had the highest

prevalence of MS and each MS component. Multiple logistic regression

analysis revealed that women with fewer remaining teeth had a higher
ung-Do Han, PhD oh, PhD,
Yang-Hyun Kim, PhD
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Abbreviations: BMI = body mass index, BP = blood pressure, CI =

confidence interval, CRP = C-reactive protein, DBP = diastolic

blood pressure, FBG = fasting blood glucose, HDL-C = high-

density lipoprotein cholesterol, IL = interleukin, LDL-C = low-

density lipoprotein-cholesterol, MS = metabolic syndrome, OR =

odds ratio, SBP = systolic blood pressure, TG = triglyceride,

TNF-a = tumor necrosis factor alpha, WC = waist circumference.

INTRODUCTION

T ooth loss is defined as the exfoliation of at least 1 tooth from
the alveolar bone of the jaw,1 and was considered to be a

part of the aging process until the middle of the 20th century.
However, as dental care procedures progressed and developed,
teeth could be better preserved with the aid of restorative and
prosthodontic treatment.2–4 Nevertheless, tooth loss remains a
problem, especially in the elderly. According to the National
Health and Nutrition Examination Survey, 91% of adults aged
20 to 64 years had dental caries, and only 34% of adults aged 40
to 64 years had all of their teeth.5 Tooth loss gives rise to
nutritional deficiencies and general weakness that is involved in
several medical problems such as subclinical atherosclerosis,6

physical disability, and mental impairment.7–9 Tooth loss is
caused by many conditions such as periodontal problems, dental
caries, and trauma,10,11 and some recent studies found that
metabolic syndrome (MS) was also associated with tooth
loss.12–14

MS is defined as a cluster of metabolic abnormalities
including abdominal obesity, high blood pressure (BP), high
fasting blood glucose (FBG), elevated serum triglycerides (TG),
and low high-density lipoprotein cholesterol (HDL-C)
levels.15–18 The main mechanism of MS is insulin resistance,
which results in type 2 diabetes mellitus and subsequent car-
diovascular diseases.19–21 The prevalence of MS has been
increasing and is now an important social problem in both
Western and Asian countries. The prevalence of MS is about
20% to 25% in the adults of western countries22–25 and 5% to
20% in Asian adults.26–28 The risk factors for MS include aging,
stress, a sugar-rich diet, limited physical activity, alcohol abuse,
irregular sleep patterns,29–33 and a postmenopausal state.34–36

MS is also associated with dental problems such as poor oral
health behavior37,38 and periodontal diseases.39–41

For reducing these metabolic risk factors, routine monitor-
ing of several cholesterol levels, FBG, BP, body weight, and
waist circumference (WC) is needed. The general treatments of
o alleviate metabolic risk factors by low
physical activity, use of medication such
ntidyslipidemic, and antihyperglycemic
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agents.17 In some obese subjects with MS, weight-loss drugs or
bariatric surgery is also recommended.42 Another study
reported that some people with MS were more likely to use
complementary and alternative medicine such as herbal supple-
ments, aromatherapy, or massage therapy compared to people
without MS.43

Although associations between tooth loss and MS have been
previously reported,12–14 none of these studies involved a Korean
population. Therefore, we examined the relationship between
tooth loss and MS in a representative South Korean population.
We hypothesized that tooth loss is associated with MS.

SUBJECTS AND METHODS

Survey Overview
Data from the 2012 Korean National Health and Nutrition

Examination Survey were used in this study. This survey con-
sisted of 3 main categories, which were a nutrition survey, health
examination, and health interview. A total of 200 regions were
selected and 10,000 individuals aged over 1 year old were
selected. The health examination and interview were performed
in specially equipped buses, and the nutrition survey was con-
ducted at home 1 week after the health interview. Trained
professionals including nurses, dietitians, and health scientists
conducted face-to-face interviews with structured questionnaires.

SUBJECTS
A total of 8058 subjects were included in the 2012 Korean

National Health and Nutrition Examination Survey. We only
selected men and women aged �40 years old, and thus 3556
subjects were excluded. Among the 4502 participants, 381
subjects who did not fast for at least 8 hours before the blood
test, 373 subjects who did not give sufficient dental data, and
159 participants who did not give sufficient information to
extract data for MS were excluded. Finally, a total of 3589
adults (1511 men and 2078 women) were included in this study.
The study was approved by the institutional review board of the
Korean Center for Disease Control and Prevention (2012-
01EXP-01-2C), and was conducted according to the Ethical
Principles for Medical Research Involving Human Subjects as
defined by the Helsinki Declaration.44 All the subjects provided
written informed consent.

Anthropometric and Blood Pressure
Measurements

The WC was measured at the end of a normal expiration to
within 0.1 cm on a horizontal plane at the midpoint between the
iliac crest and the costal margin while the subject was wearing
loose fitting clothing. The subject’s height was measured to
within 0.1 cm and their weight without shoes or heavy clothing
was recorded using a digital scale to within 0.1 kg. Body mass
index (BMI) was calculated by dividing weight (kg) by the
square of height (m2). Each subject was seated and rested for at
least 5 minutes before their BP was taken. Systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were
measured using a mercury sphygmomanometer (Bauman-
ometer; W. A. Baum Co., Inc., Copiague, NY). The final BP
value was determined by averaging the 2nd and 3rd BP values.

Kim et al
Biochemical Measurements
Blood samples were taken from subjects after they

had fasted for at least 8 hours. Total cholesterol, low-density
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lipoprotein-cholesterol, HDL-C, TG, and FBG were measured
enzymatically using a Hitachi Automatic Analyzer 7600 (Hita-
chi, Tokyo, Japan) at the Central Testing Institute in Seoul, Korea.

Socio-Demographic and General Health
Behaviors

Socio-demographic and general health characteristics
were evaluated using self-administered questionnaires regard-
ing age, sex, smoking, alcohol consumption, physical activity,
level of education, and household income. Nonsmokers were
defined as those who never smoked or had smoked less than 100
cigarettes in their whole life. Ex-smokers were defined as those
who had smoked more than 100 cigarettes in their whole life,
but had stopped smoking at the time of the study. Current
smokers were those who were smokers at the time of the study.
Mild to moderate drinkers were defined as those who drank less
than 3 glasses per day (15–30 g/day) and heavy drinkers were
defined as those who drank more than 3 glasses per day (�30 g/
day). Physical activity was assessed using the International
Physical Activity Questionnaire.45 Regular exercise was
defined as exercise more than 5 times a week and for
30 min/session, or strenuous exercise more than 3 times a week
and for 20 min/session. Education level was classified as either
high school graduate (�13 years) or not, and household income
was divided into quartiles after adjusting for the number of
family members.

Oral Health Behavior
We recorded the time of day when tooth-brushing occurred

and whether secondary oral hygiene products including dental
gargle, dental floss, interdental brush, and electric toothbrushes
were used. The time of day was categorized as before or after
breakfast, lunch, dinner, after snacks, and before bedtime. The
frequency of daily tooth-brushing was calculated as the total
number of times the subject cleaned their teeth in 1 day.

Measurement of Remaining Teeth
We categorized the number of remaining teeth into 3

groups; 0 to 19, 20 to 27, and 28 teeth. People with complete
dentition have 28 teeth, excluding the 4 third molars. The
subjects who had lost at least 1 of their natural teeth were
classified to the other 2 groups.

Definition of MS
The American Heart Association/National Heart, Lung,

and Blood Institute Scientific Statement defined the criteria for
MS in Asians.17,18 Subjects with 3 or more of the following 5
medical conditions were defined as having MS: abdominal
obesity or a WC more than 90 cm in men and more than
80 cm in women, BP more than 130/85 mm Hg or the use of
an antihypertensive drug, FBG more than 100 mg/dL or the use
of an antidiabetic drug, an HDL-C level less than 40 mg/dL in
men and 50 mg/dL in women or the use of an antidyslipidemic
drug, and a TG level more than 150 mg/dL or use of an
antidyslipidemic drug.

Statistical Analysis
Data are given as the mean� standard error for continuous

variables or as a percentage (standard error) for categorical

Medicine � Volume 95, Number 16, April 2016
variables. The general characteristics of subjects were analyzed
using an unpaired t test for continuous variables and the Chi-
square test for categorical variables. The latter was used to
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analyze the prevalence of MS and each component of MS
among the 3 remaining teeth groups in men and women, and
to analyze the proportion of each remaining teeth group accord-
ing to the number of MS components in men and women. A
multivariable logistic regression analysis was used to determine
the odds ratio (OR) and 95% confidence interval (CI) of the 5
MS components among the 3 remaining teeth groups after
adjusting for the following covariates: age, sex, and BMI in
model 1; covariates of model 1 plus smoking, alcohol, regular
exercise, education level, and household income in model 2;
covariates of model 2 plus the use of secondary oral products
and frequency of tooth brushing in model 3. The SAS software
package version 9.2 (SAS institute, Cary, NC) was used for

Medicine � Volume 95, Number 16, April 2016
statistical analysis. All the statistical tests were 2-tailed and
differences were considered to be statistically significant when
the P value was less than 0.05.

RESULTS
The general characteristics of subjects with or without MS

are summarized in Table 1. Both men and women with MS were
older than those without MS (P<0.05). However, BMI, WC,
SBP, DBP, FBG, and TG were all higher and HDL-C was lower
in subjects with MS compared to those without MS in both men
and women (all P<0.001). A significantly greater proportion

of women with MS were in the lowest income quartile (Q1), but
a significantly smaller proportion of these women had an
education level �13 years (P<0.001 for both). Periodontitis

TABLE 1. General Characteristics of Subjects With or Without M

Men

MS (�) MS (þ

Unweighted (n) 989 522
Age, years 53.9� 0.4 55.5� 0
BMI, kg/m2 23.3� 0.1 25.7� 0
WC, cm 82.2� 0.3 89.6� 0
SBP, mm Hg 120.1� 0.7 127.7�
DBP, mm Hg 78� 0.5 83.4� 0
FBG, mg/dL 97.5� 0.7 112� 0
HDL-C, mg/dL 50.1� 0.4 42.7� 0
TG, mg/dL

�
112.3 (107.9–116.9) 202.2 (191.2

Current smoking (yes, %) 37.7� 1.9 35� 3
Heavy alcohol intake (yes, %) 14.9� 1.4 19� 2
Physical activity (yes, %) 20.1� 1.7 16.4�

Education (%, �13 years) 68.7� 2.2 63.2� 2
Income (Q1) (yes, %) 14.5� 1.4 14.1�
Periodontitis, % 39� 2.3 38.1�
Remaining teeth (n) 24.1� 0.3 23.7� 0
Tooth brushing (n/day)

0/1 15.3 (1.5) 17.8 (2
2 44.2 (1.9) 36.3 (2
3 40.4 (2.2) 45.9 (3

Use of secondary oral product, % 41.9 (2) 45.9 (2

BMI¼ body mass index, DBP¼ diastolic blood pressure, FBG¼ fas
KNHANES¼Korean National Health and Nutrition Examination Surve
triglyceride, WC¼waist circumference.�

Geometric mean (95% CI) data are presented as the mean�SE. The P val
<0.001.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
was more common in women with MS compared to those
without MS (19.9%� 1.6% vs 32.9%� 2.3%), and women
without MS also had a significantly greater number of remain-
ing teeth compared to those with MS (24.5� 0.2 vs 21.0� 0.3,
respectively) and the frequency of tooth brushing and the use of
secondary oral products were also significantly different only
among the female subjects (P<0.001 for all).

The prevalence of MS and each MS component among the
3 remaining teeth groups is given in Table 2. Men showed
significant differences in the prevalence of high BP and high
FBG levels (P¼0.003 and P<0.001, respectively), although
the prevalence of MS and all MS components were significantly
different in women (P<0.001 for all). Men with 0 to 19
remaining teeth had the highest prevalence of high BP and
high FBG levels, and women with 0 to 19 remaining teeth had
the highest prevalence of MS and each MS component.

The relationship between the number of remaining teeth
and the number of MS components is summarized in Figure 1.
The proportion of subjects in each remaining teeth group was
significantly different in men and women (P¼0.017 and
P<0.001, respectively), although the proportion of women
in the 28 and the 0 to 19 remaining teeth groups increased and
decreased, respectively, with an increasing number of MS
components (P for trend<0.001).

Compared to the 28 remaining teeth group, the OR for the

Tooth Loss and Metabolic Syndrome
prevalence of MS and each MS component in the 0 to 19 and 20
to 27 remaining teeth groups were not significantly different in
men after adjusting for the covariates (Table 3). In women, the

etabolic Syndrome in the KNHANES

Women

) P MS (�) MS (þ) P

1171 907
.6 0.01 52.9� 0.4 60.7� 0.5 <0.001
.2 <0.001 22.9� 0.1 25.9� 0.2 <0.001
.4 <0.001 76.6� 0.3 86.6� 0.5 <0.001

0.9 <0.001 115.8� 0.7 129.2� 0.8 <0.001
.6 <0.001 74.5� 0.4 77.7� 0.5 <0.001
.3 <0.001 92� 0.4 111� 1.6 <0.001
.4 <0.001 57� 0.4 46.9� 0.5 <0.001

–213.8) <0.001 90.5 (87.3–93.7) 154.5 (146.6–162.9) <0.001
0.455 4� 0.7 5.7� 1.2 0.215

.2 0.123 1.7� 0.5 1.8� 0.6 0.919
2 0.221 13.4� 1.2 11.9� 1.5 0.461
.7 0.067 59.5� 2 31.6� 2.2 <0.001
2 0.891 14.3� 1.4 30.5� 2.3 <0.001
3 0.807 19.9� 1.6 32.9� 2.3 <0.001
.3 0.273 24.5� 0.2 21� 0.3 <0.001

0.09 <0.001
.1) 8.7 (1) 12.7 (1.4)
.9) 38.2 (1.7) 48.7 (2.2)
.1) 53.1 (1.7) 38.6 (2.2)
.8) 0.184 53.8 (1.8) 37.9 (1.8) <0.001

ting blood glucose, HDL-C¼ high density lipoprotein -cholesterol,
y, MS¼metabolic syndrome, SBP¼ systolic blood pressure, TG¼

ues were obtained using an unpaired t test or Chi-square test, and all were
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TABLE 2. Prevalence of MS and MS Components in the 3 Remaining Teeth Groups in Men and Women

Men Women

Remaining Teeth (n) 0–19 20–27 28 P 0–19 20–27 28 P

MS 39.4 (3.7) 31.5 (2.1) 31.8 (2.8) 0.199 64 (2.7) 43.2 (2) 24.5 (2.2) <0.001
High WC 22 (3.2) 24.9 (2.1) 24 (2.7) 0.778 64 (2.9) 54.7 (2.1) 36 (2.7) <0.001
High BP 63.3 (3.4) 51.9 (2.5) 46.3 (3) 0.003 72.9 (2.4) 47.2 (2.1) 27.9 (2.5) <0.001
High FBG 55.3 (3.5) 40.5 (2.2) 36.2 (2.9) <0.001 44.7 (2.4) 34.3 (1.9) 24.9 (2.1) <0.001
Low HDL-C 33.5 (3) 27.6 (2) 28.4 (2.7) 0.329 62.4 (2.4) 50.5 (1.8) 38.8 (2.7) <0.001
High TG 41.7 (3.3) 45.5 (2) 45.7 (3.1) 0.668 48.7 (3.2) 40 (1.8) 25.3 (2) <0.001

Data are presented as percentages (SE). P values were obtained by using the Chi-square test and all were <0.001. BP¼ blood pressure,
FBG¼ fasting blood glucose, HDL-C¼ high density lipoprotein cholesterol, MS¼metabolic syndrome, SE¼ standard error, TG¼ triglyceride,
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OR (95% CI) for the prevalence of MS was 1.784 (1.200–
2.653) in the 0 to19 remaining teeth group and 1.480 (1.085–
2.019) in the 20 to 27 remaining teeth group after adjusting for
covariates. The prevalence of a high WC was high only in the 20
to27 remaining teeth group (OR [95% CI], 1.882 [1.060–
3.343]). The prevalence of high BP was higher in both the 0
to 19 and 20 to 27 remaining teeth groups (OR [95% CI], 1.571
[1.067–2.313] and 1.410 [1.076–1.847], respectively) and the
prevalence of high TG levels was also higher in both the 0 to 19

WC¼waist circumference.
and 20 to 27 remaining teeth groups (OR [95% CI], 1.535
[1.029–2.292] and 1.476 [1.119–1.947], respectively) in
women after adjusting for covariates.

8.9 13.1 15.7 17.2 19.5 11.2 

50.5 
52.6 

58.8 54.2 45.7 53.7 

40.7 34.3 25.5 28.6 34.7 35.2 

0%

25%

50%

75%

100%

0 1 2 3 4 5
Number of MS component

Men

0-19 20-27 28

6.5 9.5 19.2 27.4 32.9 29.1 

42.2 
51.5 

50.3 
48.3 

53.8 56.9 

51.3 
38.9 30.5 24.3 

13.3 14.0 

0%

25%

50%

75%

100%

0 1 2 3 4 5
Number of MS component

Women

0-19 20-27 28

A

B

FIGURE 1. (A) Proportion of each remaining teeth group accord-
ing to the number of metabolic syndrome (MS) components in
men. (P¼0.017, P for trend <0.01). (B) Proportion of each
remaining teeth group according to the number of MS com-
ponents in women (P<0.001, P for trend <0.001).
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DISCUSSION
In this study, women with MS had significantly fewer

remaining teeth than women without MS. The proportion of
women with 28 and 0 to 19 remaining teeth decreased and
increased, respectively, with an increasing number of MS
components. The prevalence of MS and MS components was
not associated with the number of remaining teeth in men.
However, the prevalence of MS, high BP, and high TG levels
was higher in women with 0 to 19 and 20 to 27 remaining teeth
compared to those with 28 remaining teeth.

Several studies have shown an association between tooth
loss and MS. A self-reported study of 947 Swedish subjects
aged over 70 years old found that the number of remaining teeth
was inversely related to the prevalence of MS.12 Another study
that involved a total of 1354 middle-aged Finnish men showed
an increased prevalence of MS in subjects with more than 4
missing teeth, although the third molars were also included and
there was no adjustment for covariates.13 Similarly, a US
population-based study of adults aged 20 years or older also
showed an association between tooth loss and MS.14

A number of studies also found a relationship between
tooth loss and MS components. An English study of 1958 adults
aged 25 to 74 years old found that tooth loss was positively
associated with serum TG levels in women,46 and another study
showed similar results in that subjects with more than 6 missing
teeth had significantly higher serum TG levels than subjects
with less than 6 missing teeth.47 Two studies showed that SBP
was associated with tooth loss48,49 and another prospective
clinical trial showed a negative association between DBP
and tooth loss in postmenopausal women.50 It was also reported
that there was a negative association between the number of
remaining teeth and SBP in men,49 although we could not find
any association between tooth loss and MS in men.

In this study, abdominal obesity was more frequent in the
20 to 27 remaining teeth group in women. One cross-sectional
study of 1720 adults aged 20 to 59 years old in Brazil demon-
strated that the prevalence of abdominal obesity increased when
adults had less than 10 remaining teeth in at least 1 arch
compared to those with 10 or more teeth in both arches
including the maxilla and mandible, although this difference
was not significant after adjusting for age.51 Another Brazilian
study of 471 elderly subjects aged between 60 and 89 years old

also reported that subjects with fewer (1–8) remaining teeth had
a significantly higher prevalence of abdominal obesity.52 Sim-
ilarly, Swedish subjects younger than 60 years old showed an

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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12. Holmlund A, Hulthe J, Lind L. Tooth loss is related to the presence
increased prevalence of abdominal obesity when they had less
than 20 remaining teeth adjusting for age, sex, socioeconomic
status, life-style, and comorbidities.53

A possible mechanism underlying the relationship between
tooth loss and MS may involve elevated systemic inflammation.
Several studies suggested that high sensitivity C-reactive
protein and proinflammatory cytokines, such as tumor necrosis
factor alpha (TNF-a), interleukin (IL)-1, and IL-6, were elev-
ated in patients with MS.54–56 These inflammatory proteins
may cause local periodontal destruction and subsequent tooth
loss.57,58 TG is an another cause of inflammation,59 and the
increased lipolysis of TG can give rise to endothelial inflam-
mation through TNF-a release and the stimulation of reactive
oxygen species production within cells.60 A prospective cohort
study of 20,525 US middle-aged female adults found that
increased C-reactive protein was associated with forthcoming
hypertension,61 and hypertension itself also causes an increase
in inflammatory markers.62–64

Obese people generally prefer a diet that is abnormally
high in sugar, which might be involved in tooth loss.52 Con-
versely, subjects with few remaining teeth are likely to have a
high calorie diet because of their compromised masticatory
function.65 Taken together, this indicates that cumulative high-
sugar diets may also increase the risk of both obesity and tooth
loss,66 and abdominal obesity may accelerate tooth loss, or
conversely, tooth loss may accelerate the development of
abdominal obesity.

Poor oral health may affect all of these pathways. Regular
tooth brushing is an effective means of removing plaque and
maintaining healthy gingiva.67 A previous study of an adult
Japanese population indicated that a low frequency of tooth
brushing was associated with a high prevalence of MS,38 and a
study of Korean adults also demonstrated that a low frequency
of tooth brushing or no dental flossing may increase the like-
lihood of MS.37 Furthermore, local periodontitis as well as
systemic inflammation may be worse in individuals with a poor
oral health status.68 Consequently, poor oral health behavior
may aggravate MS, giving rise to systemic and local inflam-
mation, and ultimately tooth loss.

There was a sex-based difference in the relationship
between tooth loss and MS in this study. This may be explained
in part by the inclusion of women who were postmenopausal,
defined as the cessation of menstruation for at least 1 year.69

Among the Korean population, women on average undergo the
menopause when they are 46.9� 4.9 years old (median, 48
years).70 Menopause induces the ageing process and is associ-
ated with reduced estrogen synthesis. This hormonal change can
evoke various unpleasant physical and psychological
changes.34,71 A number of studies have shown that postmeno-
pausal women have higher total cholesterol and TG levels, and
lower HDL-C levels compared to premenopausal women.72,73 It
has also been shown that systemic inflammation was acceler-
ated in postmenopausal women with MS,36,74 which might
explain the increased tooth loss in women compared to men
in this study.

This study had a number of limitations that need to be
considered. First, this was a cross-sectional study, and hence it
is not possible to demonstrate a causal relationship between
tooth loss and MS. Second, although this study enrolled a large
representative sample, it was conducted in only a single Asian
country. A multinational study involving subjects of other

Kim et al
ethnicities is therefore needed for more generalizable results.
Third, we did not measure the hormonal status of subjects, nor
did we record their postmenopausal history, especially in

6 | www.md-journal.com
women. Fourth, there were no descriptions of other causal
factors for tooth loss such as dental caries and trauma. This
study also has a number of notable strengths though. We used a
representative sample of the whole South Korean population,
and to the best of our knowledge, this is the first study to
examine the relationship between tooth loss and MS in such a
population. We also adjusted for many covariates such as age,
sex, BMI, smoking, drinking, regular exercise, education level,
household income, frequency of tooth-brushing, and the use of
secondary oral products.

In conclusion, we found that tooth loss was associated with
an increased prevalence of MS in South Korean women.
Physicians should be aware that women with fewer remaining
teeth may have an increased risk of MS. Further prospective,
well-designed studies are needed to reveal the causal relation-
ship between tooth loss and MS.
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