
Posted at the Institutional Resources for Unique Collection and Academic Archives at Tokyo Dental College,

Available from http://ir.tdc.ac.jp/

Title
Metabolic Syndrome, Lifestyle, and Dental Caries in

Japanese School Children

Author(s)
Osawa, H; Sugihara, N; Ukiya, T; Ishizuka, Y;

Birkhed, D; Hasegawa, M; Matsukubo, T

Journal Bulletin of Tokyo Dental College, 56(4): 233-241

URL http://hdl.handle.net/10130/5682

Right

Description



Original Article

233

Bull Tokyo Dent Coll (2015) 56(4): 233–241

Metabolic Syndrome, Lifestyle, and Dental Caries in 
 Japanese School Children

Hiroya Osawa1), Naoki Sugihara1), Tokuko Ukiya1,2), Yoichi Ishizuka1), 
Dowen Birkhed3), Masaru Hasegawa2) and Takashi Matsukubo1)

1) Department of Epidemiology and Public Health, Tokyo Dental College,  
2-9-18 Misaki-cho, Chiyoda-ku, Tokyo 101-0061, Japan

2) Ichikawa Dental Association,  
2-9-9 Yawata, Ichikawa, Chiba 272-0021, Japan

3) Department of Cariology, Institute of Odontology, Sahlgrenska Academy,  
University of Gothenburg,  
Box 450 SE-450 30, Göteborg, Sweden

Received 12 March, 2015/Accepted for publication 16 July, 2015

Abstract

The number of children with Metabolic Syndrome (MetS) has recently been  
increasing in Japan. Few studies have investigated the relationship between MetS and 
oral health. The aim of this study was to investigate the association between MetS,  
lifestyle, and oral health status in school children. Our goal is to utilize these results  
in health education aimed at preventing the onset of MetS in school children and  
adults. A total of 689 Japanese children (365 boys and 324 girls) aged between 10 and 
13 years were examined and waist circumference (WC), ratio of WC to height, blood  
pressure, fasting blood sugar (FBS), high density lipoprotein-cholesterol, and triglyceride  
values determined together with oral health status, including dental caries experience 
(DMFT). The results revealed that 6.5% of the children fell under the health board 
recognized “MetS or high risk of MetS” (MetS/HR) classification. A total of 140 (20%) 
children had a high Streptococcus mutans count. The mean WC, FBS, and DMFT values 
were  significantly greater in children with a high salivary S. mutans count (p<0.05).  
Multiple logistic regression analysis revealed a statistically significance association between  
MetS/HR, non-breakfast eaters (odds ratio (OR): 2.70), no regular exercise (OR: 2.60), 
and a high salivary S. mutans count (≥105 CFU/ml; OR: 2.18; p<0.05). The present 
results indicate that lifestyle and salivary S. mutans count could be useful in screening 
children for MetS/HR. These variables may be useful in targeting interventions aimed 
at preventing MetS in school children.

Key words: Children — Dental caries — Epidemiology — Lifestyle —  
Metabolic syndrome
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Introduction

The number of children showing high obe-
sity, blood glucose, and blood pressure values,  
all factors associated with risk of Metabolic  
Syndrome (MetS), has recently been increasing  
in many countries3,13,20,30,33). The prevalence of 
obese children aged between 10 and 12 years  
increased from 5 to 10% over a 30-year period  
commencing in 1980 in Japan20). The preva-
lence of Japanese school children developing 
type 2 diabetes increased to between 3 and 5  
per 100,000 annually between 1987 and 200230).  
Many environmental factors are associated 
with excess body weight in children. Physical 
inactivity shows a positive correlation with 
obesity, whereas increased physical activity 
and decreased sedentary behaviors are pro-
tective against adiposity during childhood and  
adolescence22). While eating habits in Japan 
have changed, becoming more like those in 
the US in those aged under 30 years, parental 
lifestyle also directly affects children’s health. 
Many studies have reported that a US-style 
diet causes MetS in childhood6,22,30). If this  
diet is adhered to into adulthood, there is a 
danger that the onset of MetS will occur even 
earlier. It has been suggested that improving 
dietary habits, or shokuiku in Japanese, is very 
important in preventing the onset of MetS23).

Dental caries and MetS are both associated 
with bad dietary habits. Some studies have 
recently demonstrated that obesity is signifi-
cantly correlated with oral health status12). A 
high and frequent sucrose intake increases 
the risk of dental caries. Moreover, a poorly  
balanced diet, such as a sugar-rich diet  
(including beverages), is also associated with 
various health problems, including obesity 
and increased risk of osteoporosis1,2,29,31). The 
results of earlier studies, however, have been 
conflicting. Some researchers have reported 
an association between excess weight and  
the high frequency of the dental caries in 
children11,34), whereas one study found no 
significant association between body weight 
and dental caries in US children aged 2–17 
years15).

Under a health program initiated in 2005, 

the Ichikawa Medical Association in Japan  
has been screening school children for risk 
factors associated with MetS, classifying those 
with high values as “MetS or high risk of 
MetS” (MetS/HR). In 2007, it also launched 
a program to promote oral health in school 
children. The purpose of the present cross-
sectional study was to investigate the relation-
ship between MetS/HR, lifestyle, and oral 
health status as determined by dental caries 
experience (DMFT) and salivary Streptococcus 
mutans count in Japanese school children. 
Our goal is to utilize these results in health 
education aimed at preventing the onset of 
MetS in school children and adults.

Materials and Methods

1. Study population
A survey was conducted between September  

and December 2009. The participants com-
prised elementary and middle school students  
living in Ichikawa City, Chiba Prefecture,  
Japan, which has approximately 455,000 inhab-
itants (2009) and is located 20 kilometers 
from Tokyo. A total of 689 school children  
(365 boys and 324 girls) aged between 10 and  
13 years were examined. Written informed 
consent was obtained from all participants 
and the study protocol was approved by the 
Ethics Committee of Tokyo Dental College 
(Ethical Clearance Number 178).

2. Questionnaire
A structured questionnaire containing 10  

items on lifestyle and eating habits designed by  
members of the Ichikawa Dental Association 
was distributed to the elementary and middle 
school students (Table 1).

3. Physical and medical examinations
All 689 school children were evaluated by  

members of the Ichikawa Medical Association.  
Six physical health factors were evaluated:  
1) waist circumference (WC); 2) the ratio of 
WC to height; 3) blood pressure; 4) fasting  
blood sugar (FBS); 5) high density lipoprotein-
cholesterol; and 6) triglycerides. These criteria  

Osawa H et al.
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are used by the Japanese Society of Internal 
Medicine, the Japan Society for the Study of 
Obesity, and the Ministry of Health, Labour  
and Welfare in Japan to identify children at risk  
of developing MetS3). The four (a–d) physical  
health criteria defined are summarized in Table  
2. The criteria for classification as MetS/HR 
are a) plus more than one other item from 
b), c), or d) (Table 2). Data on children who 
declined to have a blood sample taken were 
excluded from the present analysis.

4. Dental examination
Data on DMFT in these school children 

obtained earlier by dentists in Ichikawa City  
during routine annual dental health checkups  
were used. Dental caries was monitored  

clinically by visual examination and probing. 
Questionable dental caries for observation  
was clinically defined as a dematerialized  
surface without cavitations, while manifest 
caries was defined as a carious lesion with 
cavitations. The children were classified into 
two groups according to the 25th percentile 
of the mean DMFT.

5. Saliva samples
The salivary S. mutans count was determined  

by using a simple chair-side monoclonal  
antibody method18). Paraffin-stimulated whole  
saliva samples were collected from the children  
at school during 3 minutes of chewing in the 
morning. The children were divided into two 
groups based on the 25th percentile of the  

 1) Do you have breakfast every day? (Yes, alone/Yes, with family/Seldom/No)

 2) Do you exercise regularly? (Yes, every day/Yes, sometimes/No)

 3) How often do you use electronic media for longer than three hours? (Every day/Three or four days per week/
One or two days per week/One day per week or less)

 4) Do you eat snacks before dinner? (Yes, every day/Yes, sometimes/No)

 5) Do you eat snacks before going to bed? (Yes/No)

 6) Do you drink soft drinks before going to bed? (Yes/No)

 7) What time do you have dinner? (Before 7 PM/7 PM–9 PM/After 9 PM)

 8) Do you eat yellow-green vegetables every day? (Yes/No)

 9) How often do you eat snacks? (Every day/Less than four days per week)

10) How often do you drink soft drinks? (Every day/Fewer than four days per week)

Table 1 Lifestyle questionnaire

a)
Waist circumference (WC) (cm)
or
WC (cm)/height (cm)

≥75i), ≥80ii)

≥0.5

b) Blood pressure (mmHg)
· Systolic

and/or
· Diastolic

≥125

≥70

c) Fasting blood glucose (mg/dl) ≥100

d)
HDL-C (mg/dl)
and/or
Triglycerides (mg/dl)

<40

≥120

MetS or high risk of MetS: a) plus more than one other item from b), c), or d)
High density lipoprotein-cholesterol: HDL-C
i) Children aged 6–11 yr, ii) Children aged 12–15 yr

Table 2 Criteria for MetS or high risk of MetS in children aged 6–15 yr
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S. mutans count. Those who had ≥105 CFU/ml  
were considered to be at risk of caries.

6. Statistical analysis
The odds ratio (OR) and 95% confidence 

interval (CI) for MetS/HR were calculated 
for lifestyle and oral health status using the 
Chi-squared test (p<0.05). Physical and oral  
health status were analyzed using an unpaired  
t -test (p<0.05). Continuous variables were 
presented as the mean±standard deviation. 
Multiple logistics regression analysis was used 
to identify which parameters had significant 
associations with MetS/HR and DMFT. Uni-
variate correlates with p<0.25 were selected  
for inclusion in the multiple logistic regression  
analysis. The analyses were performed using 
SPSS for Windows Ver.15.0J (IBM, Tokyo).

Results

The percentage of children who were  
MetS-free was 93.5% (n=644). The percent-
age of children classified as MetS/HR was 
therefore 6.5% (n=45) (Table 3). Table 4 
summarizes significant differences and shows  
the results of the Chi-square analysis of  
MetS/HR in relation to lifestyle and oral  
health status factors. The percentages of  
children who were “non-breakfast eaters”, 

“no regular exercise”, “addiction to electric  
media (every day)”, “having dinner after  
9 pm”, “eating yellow-green vegetables (No)”,  
and “high S. mutans count” were higher in 
MetS/HR than in healthy children, although 
the difference was not significant. Table 5 
shows the relationship between physical and 
oral health status in reference to S. mutans 
count. A total of 140 (20%) children in all age 
groups and of both sexes had a high S. mutans 
count. The mean WC, FBS, and DMFT were 
significantly higher in children with a high 
salivary S. mutans count (≥105 CFU/ml) than 
in those with a low count (<105 CFU/ml) 
(p<0.05).

Table 6 lists the results of the multiple 
 logistic regression analysis adjusting for age  
and sex in children classified as MetS/HR. The  
factors associated significantly with MetS/HR 
were not eating breakfast (OR: 2.70, 95%CI: 
1.01–7.23, p<0.05), no regular exercise (OR: 
2.60, 95%CI: 1.07–6.29, p<0.05), and high 
salivary S. mutans count (OR: 2.18, 95%CI: 
1.06–4.47, p<0.05).

Discussion

MetS or high risk of MetS in children is  
an increasingly worldwide problem, resulting 
from a combination of genetic, behavioral,  

n %

No risk 644 93.5

Risk (n=45, 6.5%) a)+d)  17  2.5

a)+c)  13  1.9

a)+c)+d)  10  1.5

a)+b)+c)+d)   2  0.3

a)+b)   1  0.1

a)+b)+c)   1  0.1

a)+b)+d)   1  0.1

 a) WC (≥75 cm, ≥80 cm) or WC/height (≥0.5)
 b) Systolic blood pressure (≥125 mmHg) and/or diastolic blood 

pressure (≥70 mmHg)
 c) Fasting blood glucose (≥100 mg/dl)
 d) HDL-C (<40 mg/dl) and/or Triglycerides (≥120 mg/dl)

Table 3 Number of children with combined risk factors

Osawa H et al.
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MetS or high risk of MetS

No % (n) Yes % (n) Odds ratio 95%CI p-value

Lifestyle

Breakfast BEs 93.5 (602) 86.7 (39) 2.21 0.88–5.50 0.08

NBEs  6.5 (42) 13.3 (6)

Regular exercise Yes 88.5 (570) 82.2 (37) 1.67 0.75–3.71 0.21

No 11.5 (74) 17.8 (8)

Addiction to electronic media <4 days per week 67.4 (434) 60.0 (27) 1.38 0.74–2.56 0.31

Every day 32.6 (210) 40.0 (18)

Snacks before dinner No 79.2 (510) 82.2 (37) 0.82 0.37–1.81 0.63

Every day 20.8 (134) 17.8 (8)

Snacks before bed No 31.2 (201) 37.8 (17) 0.74 0.40–1.40 0.36

Yes 68.8 (443) 62.2 (28)

Soft drinks before bed No 75.2 (484) 84.4 (38) 0.56 0.24–1.27 0.16

Yes 24.8 (160) 15.6 (7)

Time of dinner Before 9 pm 97.4 (627) 95.6 (43) 1.72 0.38–7.68 0.36

After 9 pm  2.6 (17)  4.4 (2)

Eating yellow-green vegetables Every day 92.9 (598) 86.7 (39) 2.00 0.81–4.97 0.11

No  7.1 (46) 13.3 (6)

Frequency of snacks <4 days per week 79.5 (512) 84.4 (38) 0.72 0.31–1.64 0.43

Every day 20.5 (132) 15.6 (7)

Frequency of soft drinks <4 days per week 75.2 (484) 82.2 (37) 0.65 0.30–1.43 0.29

Every day 24.8 (160) 17.8 (8)

Oral health status

S. mutans <105 CFU/ml 80.3 (517) 71.1 (32) 1.65 0.84–3.24 0.14

≥105 CFU/ml 19.7 (127) 28.9 (13)

Dental caries experience (DMFT) <2 72.4 (466) 80.0 (36) 0.65 0.31–1.39 0.27

≥2 27.6 (178) 20.0 (9)

BEs: Breakfast eaters, NBEs: Non-breakfast eaters.

Table 4 Significant differences and Chi-square analysis of MetS or high risk of MetS according to lifestyle and oral 
health status factors

S. mutans

<105 CFU/ml (n=549) ≥105 CFU/ml (n=140)

Mean±S.D. Mean±S.D. p-value

Physical health status

WC (cm) 63.7±7.8   67.4±11.3 0.04

WC (cm)/height (cm)  0.42±0.05   0.43±0.05 0.09

Systolic blood pressure (mmHg) 105.8±10.7 104.5±9.8 0.18

Diastolic blood pressure (mmHg) 60.4±7.7  59.5±6.5 0.17

Fasting blood glucose (mg/dl) 86.4±7.8  88.2±9.3 0.04

HDL-C (mg/dl)  67.3±13.5   68.0±15.3 0.57

Triglycerides (mg/dl)  86.8±54.3   92.9±65.3 0.26

Oral health status

Dental caries experience (DMFT)  0.93±1.65   1.26±1.73 0.04

Table 5 Relationship between physical and oral health status and salivary S. mutans count

MetS, Lifestyle, and Caries in Children
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cultural, and environmental influences, which  
calls for change not only at the individual 
level, but also in public policy, social environ-
ment, and cultural norms13,21,33). Dental caries  
and MetS/HR are both associated with dietary  
habits. Therefore, it has been hypothesized  
that MetS/HR is correlated with a high DMFT  
score and high salivary levels of S. mutans.  
The present cross-sectional study found that 
not only lifestyle (non-breakfast eaters and  
no regular exercise), but also the presence of 
high levels of salivary S. mutans was related to 
MetS/HR.

Not eating breakfast was found to be  
associated with MetS/HR (OR: 2.70). Regular 
breakfast consumption has been identified as  
an important protective factor against poor  
nutritional status and obesity19,27). Breakfast con-
sumption in adolescence significantly decreased  
the likelihood of obesity19). Teenagers who  
miss breakfast are more likely to snack during  
the day8). Consumption of snacks containing 
whole grains and low amounts of refined 
sugar has been shown to decrease appetite25), 
while diets high in sugar cause people to 
become hungry and seek more calories14).  
Not eating breakfast is associated with higher 
rates of caloric intake, poor nutrition, and  
obesity27). These findings suggest that breakfast  
eaters are at low risk of MetS26).

Some researchers have reported an asso-
ciation between MetS/HR and dental caries. 

Some studies have recently demonstrated 
that obesity is significantly associated with 
dental caries1,2,15,29,31). In the present study,  
however, no correlation was observed between 
MetS/HR and DMFT (Table 6). A relationship  
was observed between MetS/HR and high 
levels of S. mutans (Table 6). This suggests the 
need to use not only the DMFT, but also the 
carious and filled teeth score in investigating  
the correlation between MetS/HR and dental  
caries.

Behaviors like television viewing, use of  
personal computers or the Internet, and  
engagement in moderate-to-vigorous physical  
activities or outdoor activities have been indi-
vidually associated with increased or decreased  
body weight or changes in body weight and/ 
or adiposity in cross-sectional and longitudinal 
studies7,17). Manios et al.17) suggested that factors  
of obesity and cardiovascular disease in Greek 
children were correlated with physical activity  
and TV time, but not energy or fat intake. In 
the present study, MetS/HR was associated 
with no regular exercise. This indicates that 
preventing the onset of MetS in children  
must focus on promoting physical activity  
and reducing inactivity.

A positive correlation was observed between  
S. mutans count and MetS/HR (OR: 2.18) 
(Table 6). Children with a high salivary 
S. mutans count had slightly higher FBS and 
WC values than those with a low one (Table 

Explanatory variables MetS or high risk of MetS

Adj. odds ratio 95%CI p-value

Sex (0: Boy, 1: Girl) 0.24 0.11–0.50 <0.01

Age (0: 10–11, 1: 12–13) 0.86 0.62–1.20 0.38

Lifestyle

 Breakfast eaters (0: Yes, 1: No) 2.70 1.01–7.23 0.04

 Regular exercise (0: Yes, 1: No) 2.60 1.07–6.29 0.03

 Soft drinks before going to bed (0: No, 1: Yes) 0.45 0.19–1.06 0.07

 Eating yellow-green vegetables (0: Every day, 1: No) 2.01 0.73–5.55 0.18

Cariogenic microorganisms in saliva

 S. mutans (0: <105 CFU/ml, 1: ≥105 CFU/ml) 2.18 1.06–4.47 0.03

MetS or high risk of MetS (0: No, 1: Yes)

Table 6 Logistic regression model for MetS or high risk of MetS

Osawa H et al.
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5). Those children classified as MetS/HR  
did not eat breakfast regularly or engage in 
regular exercise. These children tend to be 
in the home longer than other children and 
eat more snacks, which may have caused the 
elevated levels of salivary S. mutans observed  
in this group. The main factor related  
S. mutans count was sugar intake, especially  
soft drink consumption before going to  
bed. Many researchers have found that the 
evidence for an association between mutans 
streptococci and lactobacilli counts in saliva 
and sugar intake is rather weak, due to the 
lack of objective experimental studies4,10,16,28). 
In a recent review, it was concluded that 
 cariogenic bacteria could not be used as an 
indicator of sugar intake on an individual 
level, but rather on a population level32).  
Vågstrand et al.31) conducted a survey investigat-
ing the association between salivary bacteria 
and reported sugar intake in Swedish women  
and their adolescent children. The data  
showed that a high body mass index and high  
sugar intake were independently associated 
with mutans streptococci count. A Japanese  
study also demonstrated that the mutans  
streptococci level in infants was associated  
with irregular snacking, eating between meals, 
and the frequent intake of sugary beverages24).  
Twetman et al.29) found that young type 1  
diabetes mellitus patients who had less control  
of the disease had higher levels of lactobacilli 
than patients with good control; and those 
patients with less control had high salivary 
glucose levels. Dye et al.9) reported that the 
risk of developing caries in primary teeth  
was significantly greater in school children 
who did not eat breakfast daily or who ate 
fewer servings of fruit and vegetables per day.  
Another study has indicated that the omission  
of breakfast and of irregular main meals  
was significantly associated with more caries 
in Swedish female teenagers according to  
a longitudinal survey5). The present results 
strongly support the hypothesis of a “sugar-
bacteria link”32). These results indicate that 
salivary S. mutans count is a potential bio-
marker for sugar intake in school children. 
Moreover, it would be possible to screen this 

group not only for the risk of dental caries, 
but also for MetS/HR.

In conclusion, this cross-sectional study 
focused on the relationship between MetS/
HR, lifestyle, and oral health status in 10 to 
13 year-old school children. MetS or high risk 
of MetS showed a correlation with not eating 
breakfast, no regular exercise, and a high 
salivary S. mutans count. It is important to 
monitor eating habits, and salivary S. mutans  
levels could be utilized to screen school  
children to detect those at risk of MetS/HR 
and/or dental caries. Moreover, the salivary 
S. mutans count offers a potential biomarker 
for sugar intake in school children. Taken 
together, these results indicate the need to 
educate Japanese school children on food 
and nutrition to prevent the onset of MetS 
and dental caries.
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