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Abstract
Background: The purpose of this study was to investigate the influence of diet and dietary habits on
dental caries status in the permanent teeth of 12- to 15-year-old adolescents in Shanghai, China.

Methods: We conducted a cross-sectional investigation among 11,599 school students aged 12- to 15
years from Shanghai, China. We distributed self-administered questionnaires and performed clinical
dental examinations according to WHO guidelines to obtain information about tooth-brushing habits, diet,
dietary habits, and dental caries status. We generated a logistic regression model including dental caries-
related variables to ascertain the potential risk factors associated with dental caries.

Results: The caries prevalence and number of decayed, missing, and filled teeth (DMFT) among the
11,599 12- to 15-year-old students surveyed were 26.2% and 0.59±1.314, respectively. The caries
prevalence and DMFT of girls were significantly higher than those of boys (P<0.05). Caries prevalence
and DMFT also increased with age (P<0.05). There was no significant difference (P>0.05) in caries
prevalence and mean DMFT among groups with different tooth-brushing habits. Logistic regression
analysis suggested that the possible risk factors for dental caries included female sex, older age,
consuming sugary drinks at least once daily, consuming vegetables once daily or less, and skipping
breakfast, with ORs ranging from 1.124 to 1.88 (P<0.05).

Conclusion: The caries prevalence among 12- to 15-year-old school students in Shanghai was lower than
that reported nationally and in some other developing or developed countries. Diet and dietary habits
were closely related to dental caries among adolescents. Poor eating habits (higher sugary drink intake,
lower vegetable intake, and skipping breakfast) in the developmental age may be a significant caries
coefficient in adolescents. A longitudinal study with full consideration of baseline variables is warranted
in the Chinese population. 

1. Introduction
Dental caries is one of the most prevalent chronic diseases and an alarming public health problem
worldwide [1]. It is a multifactorial disease characterized by the destruction of dental tissues due to
demineralization from the acids generated by bacterial plaque. The “classic” relationship between diet
and dental caries has been reviewed in recent years, and the relative importance of sugar consumption in
caries etiology is now seen as a modifying risk factor rather than primary causative factor [2–6]. This
relationship has also been confirmed by recent reports from cross-sectional and longitudinal studies in
different countries [7–12]. Furthermore, studies have suggested that individual eating behavior plays a
larger role in caries development than diet itself [13, 14]. Unhealthy lifestyle factors such as skipping
meals and choosing nutrient-poor foods are common among the vulnerable adolescent group [15, 16].
Children and adolescents generally prefer sweetened foods and soft drinks rich in carbohydrates, and
thus are at higher risk for caries development [17]. With the known cultural difference, where the Chinese
diet is different from a western diet, and with few studies addressing this issue there arises the need to
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explore this concept of the role of dietary habits and diet in caries occurrence in China. Therefore, it is
important to obtain information on diet and eating habits in adolescents to target and improve the dental
health of this population. Our aim was to investigate the role of dietary habits and diet in caries
occurrence in a cross-sectional study of 12- to 15-year-old school students in Shanghai (December 2018–
May 2019) and to relate the findings to dental caries development.

2. Study Population And Methodology

2.1 Study population:
This cross-sectional study used data collected from the Monitoring and Intervention Project of Common
Diseases of Students in Shanghai conducted in 2019. Based on our inclusion criteria, we recruited
children aged 12–15 years, with a target population of junior high school students. Three junior high
schools were selected randomly from each of the 17 districts of Shanghai. We monitored the entire class
in units, and selected at least 80 students from each grade, supplementing the shortfall with students
from nearby schools. A total of 11599 school students aged 12–15 years formed our study sample. This
study was reviewed and approved by the Independent Ethics Committee of Shanghai Municipal Center
for Disease Control and Prevention. Written informed consent was obtained from the parents or
guardians of all participants in the study. The STROBE guidelines (Strengthening the Reporting of
Observational Studies in Epidemiology) were followed [18].

2.2 Diet, dietary habits and oral hygiene routines
We collected data on diet, eating, and tooth-brushing habits with the aid of a self-reported questionnaire.
The questionnaire asked about tooth-brushing frequency, skipping meals, and dietary habits, as possible
risk factors for dental caries. The intakes of sugary drinks, confectioneries, fried foods, fresh fruits, and
vegetables were queried in separate items, and scored by frequency as “never,” “<1 time/day,” “1
time/day,” or “>2 times/day.” Breakfast habits were scored according to frequency as “occasionally” or
“every day.” The questions regarding oral hygiene focused on tooth-brushing routines. Students
completed the questionnaire in small groups in a quiet setting at school.

2.3 Dental examinations
Clinical dental examinations were performed in schools using a 0.5-mm ball‐ended community
periodontal index probe and a disposable dental mirror. We used the World Health Organization (WHO)
Oral Health Survey criteria to diagnose caries and made a positive diagnosis only when both visual and
tactile criteria were met simultaneously. We did not perform a bitewing x‐ray examination or use other
radiographs in the caries assessment. We used WHO coding to characterize the caries, and calculated
decayed‐missing‐filled teeth (DMFT) of from 28 teeth in the permanent dentition.

2.4 Statistical analyses
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We analyzed the data using IBM SPSS (version 20.0, Armonk, NY, USA). The DMFT index is represented
as mean ± standard deviation. Chi square tests were used to compare the significant differences in
permanent caries prevalence among children of different genders, ages, diets/dietary habits, and oral
hygiene routines [2]. A Mann–Whitney U test was used to compare significant differences in the DMFT
index among children of different genders, ages, dietary habits, and oral hygiene routines. To control for
potential confounding effects, logistic regression was performed. The permanent caries variable was
included as a dependent variable in the multivariable logistic regression models, and variables such as
gender, age, diet, and dietary habits were included simultaneously as independent variables. The level of
statistical significance was set at 0.05 for all two-sided statistical tests [19].

3. Results
3.1 General characteristics of the study sample

Table 1 lists the characteristics of the study population, including variables related to oral hygiene. The
sample comprised 11,599 school students aged 12–15 years from the city of Shanghai, of which 5968
were male (51.5%), and 5,631 were female (45.0%). In addition, 2605 subjects were 12 years old (22.5%),
2598 subjects were 13 years old (22.4%), 2523 subjects were 14 years old (21.8%), and 3873 subjects
were 15 years old (33.4%). A majority of the teenagers (75.2%) brushed their teeth twice a day, 24.7% of
teenagers brushed their teeth once a day, and the remaining teenagers (1%) brushed their teeth
occasionally or never.

3.2 Diet and dietary habits

In the week before the survey day, 77.5% of participants consumed sugary drinks less than once a day,
75.5% ate sweets less than once a day, 83.7% ate fried food less than once a day, 53.6% ate fresh fruit
once a day, and 50.3% ate vegetables at least twice a day. In addition, 18.9% of participants reported
irregular breakfasts, as shown in Table 2. The proportion of subjects who reported irregular breakfasts
increased with age, reaching the highest at 14 years of age (21.8%), and dropping slightly at 15 years of
age (20.4%), as shown in Figure 1.

3.3 Caries Status

The total caries prevalence and mean DMFT were 26.2% and 0.59±1.314, respectively. The caries
prevalence rate and mean DMFT of girls (30.6%, 0.74±1.511) were significantly (P<0.001) higher than
that of boys (22.1%, 0.45±1.087). In addition, the caries prevalence rate and mean DMFT of 15-year-olds
(32.0%, 0.78±1.540) was significantly (P<0.001) higher than that of other age groups. There was no
significant difference (P>0.05) in caries prevalence and mean DMFT among groups with different
brushing habits (Table 3).

3.4 The association between diet/dietary habits and caries occurrence
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Table 4 shows the results of using a backward logistic regression model to analyze the association
between dental caries prevalence and related risk factors. Five risk factors were present in the final
results: female sex, older age, consuming sugary drinks at least once daily, eating vegetables once daily
or less, and skipping breakfast. These were the most important risk factors for dental caries, with ORs
ranging from 1.124 to 1.88 (P<0.05).

4. Discussion
Oral health-related quality of life is significant in adolescents, as many of their social and psychological
coping skills are still developing [20]. The present study assessed the relationship between dietary habits
and caries incidence in 12- to 15-year-old adolescents in Shanghai, China.

The caries prevalence and mean DMFT among 12-year-olds were 19.7% and 0.59, respectively. These
values are much lower than those seen nationally (41.9% and 1.04, respectively) [21], and also lower than
those seen in other regions like Zhejiang province, China (40.9%; 0.98) [22], Sichuan province, China
(37.2%; 0.86) [23], Ambala, India (34.3%; 0.82) [24], and Galicia, Spain (39.6%; 0.98) [25]. The caries
prevalence showed an upward trend with increasing age, ranging from 19.7% among 12-year-olds to 32%
among 15-year-olds. This may be attributed to the continuous and cumulative process of caries
development as well as the increase in erupting teeth with advancing age. Other studies have also
reported a similar caries prevalence among these age groups [25, 26]. In our study, the 14- and 15-year-old
groups showed the highest overall caries prevalence, signifying a continued decline in oral health. The
prevalence of dental caries and the mean of DMFT were higher in females than in males. This may be
attributed to the earlier eruption of teeth in females, which could lead to prolonged exposure to cariogenic
acids in the oral environment. However, other evidence suggests that the higher caries susceptibility
among females may also be attributed to changes in salivary rates and composition induced by gender-
specific hormonal fluctuations [27].

Tooth brushing is a relatively affordable method of reducing dental caries risk, mainly via exposure to
fluoride from toothpaste and mechanical plaque removal [14, 28]. The association between tooth-
brushing frequency and dental caries may differ depending on the country. Bernabé et al. [29] reported a
reduced 4-year net increment in tooth decay via tooth-brushing twice a day or more compared with once a
day or less in a Finnish population. Similarly, Rothen et al. [30] demonstrated that brushing teeth with a
fluoride toothpaste twice daily reduced the incidence of caries in northwest American dental patients.
However, in this study, the frequency of tooth-brushing was not associated with the incidence of dental
caries. This finding supports a previous cross-sectional study in a Japanese population [31], possibly due
to the design of the study questionnaire. In addition to the frequency of tooth-brushing, the quality of
tooth-brushing is also important. Using the current questionnaire, it is impossible to know whether a
subject has adopted the correct method of brushing and sufficient time for tooth-brushing. These factors
may also affect the incidence of dental caries [32].
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Moreover, beverage consumption patterns have changed in the past 10 years. The consumption of sugar-
sweetened beverages has increased annually, while the consumption of water and milk has gradually
decreased [33]. A study on the fluid intake of Brazilian teenagers found that soft drinks are the second
most consumed beverage, accounting for 10% of teenagers’ daily energy intake [34]. The relationship
between the frequency of sugary drinks and caries has been clearly demonstrated in preschool children
and adults [35], with limited data on adolescents. Here, we present the impact of sugary drink
consumption on caries incidence based on the most recent data sample of Chinese teenagers. We
confirm a statistically significant relationship between elevated sugary drink consumption and dental
caries experience.

In this study, we also found that eating vegetables twice a day or more can reduce the risk of caries. This
result is similar to that of previous reports. A study by Chin-En Yen et al. found that a high vegetable
intake effectively reduced dental caries incidence among 182 children aged 3–6 years [36]. In addition, a
study of female university students in Saudi Arabia showed that eating vegetables four times per week or
more effectively reduced caries risk (odds ratios = 0.73) [37]. Another study conducted by Japanese
scholars including 600 cases of 70-year-old subjects found that vegetable intake was negatively
correlated with dental caries incidence [38]. Based on these findings, we speculate that vegetable intake is
significantly associated with fewer dental caries, regardless of age.

Our data showed that approximately 20% of participants did not eat breakfast every day. There were
significantly impaired eating habits that increased with age, including irregular breakfasts among 12- to
14- year-olds. Interestingly, we found evidence of “recovery” from these patterns and improved eating
habits among 15-year-olds, as shown in supplementary Figure 1. This data trend agrees with that
previously reported by Bruno et al. [15]. In addition, we found a statistically significant association
between irregular breakfast patterns and caries development, with a 1.124 times increased caries risk.
Skipping meals may reduce exposure to cariogenic foods, such as breakfast cereals, but irregular meal
patterns, like light meals and high-sugar snacks throughout the day [15, 39], may explain the enhanced
caries activity. In this study, caries risk caused by irregular breakfasts was lower than that reported in
previous studies of Swedish female teenagers [15] and Polish preschool children [16]. This may be due to
differences in the age and gender of the study populations or due to the differences in the diets of
Eastern and Western people. Westerners generally consume more sugar in their daily diets than
Easterners [40], and thus, Westerners may have a higher dental caries risk than Easterners.

However, our study has some limitations. We used a food frequency questionnaire to determine food
intake frequency, but subjects may not be able to recall exactly what they have eaten over time. A food
diary may be a solution to this problem, though it relies on the subject’s compliance. Recently, pre-post
meal digital photography proved to be a valid, accurate, and applicable method to assess food intake
[41]. In addition, this study was a cross-sectional investigation, and the time course was not considered.
Other studies have reported that previous dental caries experience at baseline increases the likelihood of
future caries [42]. Thus, a longitudinal study with full consideration of baseline variables is required to
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confirm the effect of irregular breakfasts, sugary drinks, and vegetable intake on the occurrence of dental
caries in the Chinese population.

Conclusion
The present study demonstrated a significant association between dietary habits and caries occurrence
among adolescents aged 12–15 years in Shanghai. The caries prevalence among 12- to 15-year-old
school students in Shanghai was lower than levels reported nationally and in some other developing or
developed countries. Poor eating habits (higher sugary drink intake, lower vegetable intake, and skipping
breakfast) in the developmental age may be a significant caries coefficient in adolescents.
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