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Editorial

Oral diseases, especially a high prevalence of caries, 
periodontal disease and lost teeth, not only affect oral 
function, but also general health as they are closely 
related to serious systemic diseases, such as coronary 
heart disease, diabetes mellitus, digestive system 
diseases, low birth weight or premature birth, etc. 

It is important to regularly conduct an epidemiological 
survey to know not only the nationwide status of general 
health, but the status of oral health. China conducted the 
first, second and third Oral Health Surveys in 1983, 
1995 and 2005 respectively, gathering data about the 
status of oral health status, oral health acknowledgement 
and behaviour of Chinese residents in order to provide 
advice for treatment and prevention policies concerning 
oral diseases. With economic and social development, 
migration of population and changes in dietary habits, 
the distribution and patterns of oral diseases may 
change greatly. 

The most recent – the 4th National Oral Health 
Survey– was conducted over the past three years and 
was supported by the “Scientific Research Fund of 
National Health Commission of the People’s Republic 
of China (201502002). It was organised by the Chinese 
Stomatological Association, with cooperation from 
China’s Centre for Disease Control, 35 stomatological 
(dental) schools or hospitals all over the country and 
all the centres for disease control in the different 
administrative areas involved. 

The 4th National Oral Health Survey began in 2015, 
and the main procedures of the epidemiological survey 
and data collecting were carried out during 2015 and 
2016, with the main statistical analysis completed by 
2017. 

The 4th National Oral Health Survey is the most 
comprehensive oral health survey to date in China and 
was strictly conducted according to the procedures and 
criteria recommended by the World Health Organization 
(WHO), including all 31 provinces, autonomous regions 
and municipalities of the Chinese mainland and more 
than 170,000 subjects covering all age groups. 

The results from the 4th National Oral Health Survey 
are published in this and the next issue of Chinese 
Journal of Dental Research as two special issues, 
with all the manuscripts contributed by specialists in 
preventive dentistry from key stomatological schools 
in China. Such a large sample data will be extremely 
valuable for policy makers and researchers in the related 
fields.

In this issue, the first manuscript by Lu et al 
describes the overall introduction and methodology of 
the 4th  National Oral Health Survey. Others include 
dental caries in 3 to 5-year-old children, teenagers, the 
middle-aged and elderly populations, the periodontal 
status of adolescents, and dental fluorosis prevalence 
and risk factors, respectively. 

We hope they are helpful and interesting to you!

Prof. Xi-ping Feng
Shanghai Ninth People’s Hospital, Shanghai Jiao Tong 
University School of Medicine
Head, Experts group for the 4th National Oral Health 
Survey

Prof. Guang-yan Yu
Editor-in-Chief, Chinese Journal of Dental Research
President, Chinse Stomatological Association
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Oral diseases such as dental caries and periodontal 
diseases are major public health problems world-

wide. Poor oral health may have a profound impact on 
general health. Severe periodontal disease is strongly 
associated with diabetes mellitus and is considered the 
sixth most prevalent complication of diabetes1.

Pain, as well as problems with eating, chewing, smil-
ing and communication due to missing, discoloured or 
damaged teeth, can have a major impact on people’s 
daily lives and wellbeing2. 

According to the WHO, although great improve-
ments have been achieved in the field of oral health 
throughout the world, the global burden of oral dis-
ease remains high3. Dental caries of permanent teeth 
is the greatest prevalent disease and, according to the 

1  Department of Preventive Dentistry, Shanghai Ninth People’s 
Hospital, College of Stomatology, Shanghai Jiao Tong University 
School of Medicine; National Clinical Research Center for Oral 
Diseases;  Shanghai Key Laboratory of Stomatology & Shanghai 
Research Institute of Stomatology, Shanghai, P.R. China

2  Faculty of Dentistry, The University of Hong Kong, Hong Kong 
SAR, P.R. China.

3  Chinese Stomatological Association, Beijing, P.R. China.
4  School & Hospital of Stomatology, Wuhan University, Wuhan, P.R. 

China.
5  West China Hospital of Stomatology, Sichuan University, Chengdu, 

P.R. China.
6  Guanghua School of Stomatology, Hospital of Stomatology, Sun Yat-

sen University, Guangzhou, P.R. China.
7  Peking University School and Hospital of Stomatology, Beijing, P.R. 

China.
8  Chinese Center for Disease Control and Prevention, Beijing, P.R. China.
#  These authors contributed equally to this study and share first authorship.

Corresponding author: Prof. Xi Ping FENG, Department of Preventive 
Dentistry, Shanghai Ninth People’s Hospital, College of Stomatology, 
Shanghai JiaoTong University School of Medicine, 500 Quxi Road, Shang-
hai 200011, P.R. China. Tel: 86 21 33183424; Fax: 86 21 33183424. Email: 
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The 4th National Oral Health Survey in the Mainland  
of China: Background and Methodology
Hai Xia LU1#, Dan Ying TAO1#, Edward Chin Man LO2, Rui LI1, Xing WANG3, Bao Jun TAI4, 
De Yu HU5, Huan Cai LIN6, Bo WANG3, Yan SI6, Chun Xiao WANG8, Shu Guo ZHENG7,  
Xue Nan LIU7, Wen Sheng RONG7, Wei Jian WANG7, Xi Ping FENG1

Oral disease patterns change over time and it is important to conduct epidemiological sur-
veillance population surveys regularly to monitor the situation. The overall objectives of the 
present survey were: (1) to describe the oral health status of Chinese children and adults in 
the 2015–2016 4th National Oral Health Survey; (2) to investigate the oral health knowl-
edge, attitudes, and behaviours among children and adults; (3) to explore the association 
among sociodemographic characteristics, oral health behaviours, and the oral health status 
of Chinese children and adults. A national oral health survey was conducted among a repre-
sentative sample of Chinese children and adults. Local residents from the five age groups – 3 
to 5 years, 12 to 15 years, 35 to 44 years, 55 to 64 years, and 65 to 74 years – were selected. 
A multi-stage cluster sampling method was adopted for the identification of participants. All 
31 provinces, autonomous regions and municipalities of the mainland of China were included. 
All participants were clinically examined and information on their oral health status, including 
oral mucosal lesions, dental caries experience, periodontal health status, dental fluorosis, and 
dental prosthesis status, was collected according to the procedures and criteria recommended 
by the World Health Organization (WHO). A calibration training programme and quality 
control procedures were conducted to ensure the reliability of the findings. Information on 
sociodemographic background, oral health behaviours, knowledge and attitude was also col-
lected from all five age groups through a questionnaire survey. 
Key words: China, epidemiology, methodology, the 4th National Oral Health Survey 
Chin J Dent Res 2018;21(3):161–165; doi: 10.3290/j.cjdr.a41079

This study was supported by the “Scientific Research Fund of National 
Health Commission of the People’s Republic of China (201502002)”.
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Global Burden of Disease Study 2016, is the second 
highest incidence disease. The incidence rate is just 
followed by the upper respiratory infections4. It affects 
60% to 90% of school-age children and almost 100% of 
the adult population in most countries5,6. Additionally, 
most children and adolescents, worldwide, have signs 
of gingivitis (gingival bleeding) and about 5% to 20% 
of adults have severe periodontitis, which can lead to 
tooth loss5. Even in industrialised countries the public 
generally considers that losing teeth is a natural conse-
quence of ageing. In the United States of America and 
the United Kingdom, 26% and 46% of the population, 
respectively, are edentulous3. 

Conducting regular oral health surveys has become 
increasingly important as a public health surveillance 
measure. National and regional data from regular 
oral health surveys are used to assess oral health 
needs, monitor oral health status – including disparities 
between different populations – plan intervention pro-
grammes at national and local levels, establish sound 
health policies, and evaluate progress towards national 
health objectives7. 

Over the past few decades, three national oral health 
surveys have been conducted in China. According to 
WHO criteria, the level of dental caries among school 
children and adults in China is considered to be at a 
very low level on the world map, based on the findings 
of the 2005 national oral health survey8. Despite this, 
the last national survey showed the d/D (decay)-com-
ponent contributed the most to the dental caries index 
among children, whereas in adults the M (missing)-
component was the most prominent. As for periodontal 
health, gingival bleeding and calculus were prevalent in 
both adolescents and adults. 

The population of China – a newly industrialised 
lower-middle-income country – is steadily ageing 
(from an aged population proportion of 7.7% in 2005 
to 10.5% in 2015), along with a decrease in the size of 
the rural population (from 57.0% in 2005 to 43.9% in 
2015)9, as well as economic development and dramatic 
changes in lifestyle10. Therefore, people’s oral disease 
patterns are expected to alter over time. It is important 
to regularly conduct epidemiological surveys to monitor 
the oral disease patterns of children and adults in China. 

The overall objectives of the present survey were: 
(1) to describe the oral health status of Chinese children 
and adults in the 2015–2016 4th National Oral Health 
Survey; (2) to investigate the oral health knowledge, 
attitudes, and behaviours among children and adults; 
(3) to explore the association among sociodemographic 
characteristics, oral health behaviours, and oral health 
status of Chinese children and adults.

Furthermore, the subsequent papers in this and the 
following issues, separately, and as a whole of results of 
the 4th National Oral Health Survey, reported detailed 
findings of various aspects of the national survey and 
may contain more specific objectives pertaining to the 
individual aspects of the study.

Materials and methods

Participants

The total population of China was 1.37 billion in 2015, 
and the country’s mainland comprises 31 provinces, 
autonomous regions and municipalities9. The present 
study included children and adults. Ethical approval 
was obtained from the Ethics Committee of the Chi-
nese Stomatological Association (Approval no. 2014-
003) prior to the implementation of the study. Written 
informed consent was obtained from the participants 
or children’s guardians, as appropriate. The survey was 
conducted from October 2015 to September 2016. 

The sample size for the five age groups was estimat-
ed. With reference to the findings of the 3rd National 
Oral Health Survey in 2005, the prevalence of dental 
caries experience among children aged 5 and 12 years 
were 66% and 28.9%, respectively; the detection rate 
of periodontal disease among adults was 86%. The 
95% confidence interval (CI) was set at 10% with two 
sides (95% CI was 15% for the 12-year-old group) and 
a design effect was set at 4.5. To account for the strati-
fication factor and an anticipated response rate of 80%, 
the sample size for the five age groups was 166,245 
participants: 13,365 each for the 3, 4 and 5 years age 
groups, 28,365 each for the 12, 13, 14 and 15 years age 
groups, and 4,230 each for the 35 to 44, 55 to 64 and 
65 to 74 years age groups. The minimum sample sizes 
for each province were 432 each for the 3, 4 and 5 years 
age groups; 915 each for the 12, 13, 14 and 15 years 
groups; and 136 each for the 35 to 44, 55 to 64 and 
65 to 74 years groups. 

In order to observe developmental trends of oral 
disease, the present national survey included additional 
age groups besides the WHO recommendation – that is 
ages 3 to 5, 12 to 15, 35 to 44, 55 to 64, and 65 to 74 
years. Residents (who had lived in the area for over 
6 months) from the five age groups – 3 to 5, 12 to 15, 
35 to 44, 55 to 64, and 65 to 74 years – were selected. 
A multistage cluster sampling method was adopted 
for this survey. All 31 provinces, autonomous regions 
and municipalities (including Tibet) in the mainland of 
China were included. Two urban and two rural districts 
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(defined according to the National Bureau of Statistics 
of China) were selected in each province using prob-
ability proportional to size (PPS) sampling. The local 
Centre for Disease Control and Prevention of each 
province was responsible for the identification of the 
districts. In total, 62 urban and 62 rural districts were 
selected. Three sub-districts (referred to as streets in 
urban districts, and as townships in rural districts) were 
then selected using the PPS sampling method in each 
district. A total of 186 streets and 186 townships were 
selected. One neighbourhood community from an urban 
district or one village community from a rural district, 
one junior high school, and one kindergarten were also 
selected using a simple random sampling method in 
each sub-district.

In total, 186 neighbourhood communities, 186 vil-
lage communities, 372 primary high schools and 
372 kindergartens were selected. Adults (age groups 
35 to 44, 55 to 64, and 65 to 74 years) were recruited 
from neighbourhood or village communities. In each 
neighbourhood or village community, 36 local residents 
with a male to female ratio of 1:1 (12 each for the age 
groups 35 to 44, 55 to 64, and 65 to 74 years) were 
consecutively recruited. Children aged 3 to 5 years and 
12 to 15 years were selected from kindergartens and 
schools, respectively. In total, 320 students from each 
school (80 for each age group: 12, 13, 14 and 15 years) 
and 108 preschool children from each kindergarten (36 
for each age group: 3, 4 and 5 years), with an equal 
number of boys and girls, were invited to participate 
in the survey using the cluster sampling method. If the 
selected school or kindergarten did not have a sufficient 
number of students or preschool children, additional 
children were selected from schools or kindergartens 
located closest to the selected school/kindergarten.  

Clinical examination

All participants were clinically examined and informa-
tion on their oral health status, including oral mucosal 
lesions, dental caries experience, periodontal health sta-
tus, dental fluorosis, and dental prosthesis status was col-
lected. The diagnostic criteria were adopted according to 
the WHO recommendation11, except for the root caries. 
A disposable dental mirror, an intraoral light-emitting 
diode light and a ball-ended WHO Community Peri-
odontal Index (CPI) probe were used in the examination. 
Portable dental chairs were carried to the survey sites, 
and the participants were examined in a supine position.

Oral mucosal lesions

All adults (35 to 44, 55 to 64, 65 to 74 years) were exam-
ined for oral mucosa. Oral cancer, leukoplakia, lichen 
planus, ulceration, candidiasis, abscess and other condi-
tions were recorded if they were found.

Dental caries experience

Dental caries experience was measured by the decayed, 
missing, and filled teeth (DMFT/dmft) index according 
to WHO criteria11. The root caries was measured by 
counting the number of roots that were decayed or filled 
(DF-Root). Dental caries was recorded as present when 
there was an unmistakable cavity, undermined enamel, 
or a detectably softened floor or wall. Dental caries was 
primarily assessed by visual inspection and then con-
firmed by tactile inspection using a WHO CPI probe. 
Where any doubt exists, caries should not be recorded 
as being present. For children (3 to 5 years old and 12 
to 15 years old), only the coronal part of the teeth was 
examined, while for adults the status of the root was also 
recorded. The diagnostic criteria of root caries are a little 
different from criteria recommended by the WHO. Root 
caries was recorded as being present when a lesion feels 
soft or leathery on probing with the CPI probe. If a single 
caries lesion affects both crown and root, no matter from 
where the caries originally was, coronal and root caries 
were both recorded as being present. A residual root 
was recorded both as coronal and root caries. All teeth 
(including third molars) were examined. 

Periodontal status

The modified CPI (data on gingival bleeding, calculus, 
pocket depth and clinical attachment loss were collected 
separately) recommended by WHO were used to exam-
ine the periodontal health status11. For children aged 
12 to 14 years, only gingival bleeding and calculus were 
recorded. For the 15 years and adult groups, all four 
aspects were examined. For each tooth, the presence of 
gingival bleeding and calculus was evaluated using a 
dichotomous index, scored as 0 or 1 corresponding to 
absence or presence, respectively. Probing pocket depth 
(PPD) was assessed using the following scores: 0 = no 
probing pocket; 1 = probing pocket depth of 4 mm to 
5 mm; and 2 = probing pocket depth of 6 mm or greater. 
Clinical attachment loss (CAL) was scored using four 
categories: 0 = 0 mm to 3 mm; 1 = 4 mm to 5 mm, 
2 = 6 mm to 8 mm; 3 = 9 mm to 11 mm; and 4 = 12 mm 
or more. All teeth present (including third molars) were 
subjected to a periodontal examination.
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For the 12 to 15-year-old age group, a self-completed 
questionnaire was designed to collect the data of the 
participants’ sociodemographic background, attitude to 
oral health, knowledge and behaviours. Teachers and 
interviewers co-organised and illustrated the content of 
the questionnaire, before the participants completed all 
questions by themselves in the classroom. 

In the adult age groups, a structured questionnaire 
including participants’ age, gender, education level, 
per capita household income, occupation, oral health 
knowledge, and attitude were recorded in face-to-face 
interviews by trained interviewers. Moreover, the ques-
tionnaire aimed to collect information on oral health-
related quality of life, including physical functioning, 
pain and discomfort, and psychosocial functioning.

Data analysis

Collected data were fed into computers using a data 
input platform designed for the national survey. A proof-
read and logic check was also performed and if errors 
were found, original forms were inspected to correct the 
mistakes. Data were analysed using SPSS, version 22.0 
(IBM Corp, Armonk, NY, USA). Statistical significance 
level was set at 0.05 for all tests.

The descriptive statistics (means, standard devia-
tion and percentage) of clinical data, by age group, 
were presented. Bivariate analyses were performed to 
investigate the relationships among sociodemograph-
ic characteristics, oral health behaviours, and the oral 
health status of Chinese children and adults. 

Other specific statistical analysis methods will be 
described in the following papers according to the dif-
ferent objectives. 
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Dental fluorosis

Dental fluorosis was only recorded for the 12-year-old 
age group. Dean’s index was applied to evaluate den-
tal fluorosis recommended by the WHO11. The assess-
ment was made on the base of the two teeth that were 
most severely affected. If the two teeth were not affected 
equally, the score for the less severe teeth was recorded.

Dental prosthesis status

The presence of dentures was recorded for the adult 
groups. This included implant supported dentures, fixed 
prostheses, removable partial dentures, complete den-
tures and unqualified dentures.

Calibration

Prior to the field survey, calibration training programmes 
were launched to ensure reliability of the results. Two or 
three examiners selected from each province attended 
the training programmes and then conducted all the clin-
ical examinations in their own province. Each examiner 
was calibrated with a standard examiner in the same set-
ting. Examiners with kappa values higher than 0.8 for the 
DMFT index and 0.6 for periodontal pocket depths were 
qualified. In the field survey, 5% of the participants were 
randomly selected for a duplicate examination on each 
examination day to monitor inter-examiner reproducibil-
ity. As measured using Kappa statistics, the inter-examin-
er reliabilities of the DMFT index and periodontal pocket 
depth were > 0.8 and > 0.6, respectively. A calibration 
training programme and quality control procedures were 
conducted to ensure the reliability of the findings.

Questionnaire survey

Three structured questionnaires in the survey were 
applied to 3 to 5-year-old children, 12 to 15-year-old 
adolescents, and adults, respectively. Two or three 
trained investigators acted as interviewers. Furthermore, 
in districts where dialect was difficult to understand, a 
local person acted as an assistant. 

For the 3 to 5-year-age group, the child’s parents or 
grandparents were interviewed face-to-face. The ques-
tionnaire included the respondent’s relationship to the 
child, his/her birth weight, feeding approaches within 
the first half year of life, toothbrushing behaviour, sugar 
intake behaviour, dental attendance experience and 
household income, parents’ or grandparents’ education 
levels, and parents’ or grandparents knowledge of and 
attitude to oral health knowledge.
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Dental caries is one of the most widespread chronic 
diseases1. It is a major cause of pain, as well as 

local and systematic infection2. When it happens in 
childhood, a child’s eating patterns, the development of 
permanent dentition and general health will be impact-
ed3. Notably, dental caries among preschool children has 
seen an alarming increase and is a major public health 
issue for children globally4. Preventing preschool chil-
dren from dental caries is of great importance and there 
should be no delay.

The People’s Republic of China, a developing coun-
try in East Asia, has a multiracial population of 1.34 bil-
lion5. The National Oral Health Survey aims to obtain 
the current prevalence trends and treatment status of 
oral disease and to make policies to decrease its preva-
lence. The first survey was conducted in 1983, and the 
second and third were in 1995 and 2005, respectively. 
The status of dental caries among 5-year-old children 

1  School & Hospital of Stomatology, Wuhan University, Wuhan,  
P.R. China.

2  Chinese Stomatological Association, Beijing, P.R. China.
3  Shanghai Ninth People’s Hospital, Shanghai JiaoTong University 

School of Medicine, Shanghai, P.R. China.
4  West China School of Stomatology, Sichuan University, Chengdu, 

P.R. China.
5  Guanghua School of Stomatology, Hospital of Stomatology,  

Sun Yat-sen University, Guangzhou, P.R. China.
6  Peking University School and Hospital of Stomatology, Beijing, 

P.R.  China.
7  Chinese Center for Disease Control and Prevention, Beijing, 

P.R.  China.

Corresponding author: Dr Bao Jun TAI, School & Hospital of Stoma-
tology, Wuhan University, Luoyu Road 237, Wuhan 430079, P.R. China. 
Tel: 86 27 87686227; Fax: 86 27 87647443. Email: taibaojun@126.com

This study was supported by “Scientific Research Fund of National Health 
Commission of the People’s Republic of China (201502002)”.

Dental Caries Status and its Associated Factors among 3- to 
5-year-old Children in China: A National Survey
Min Quan DU1, Zhen LI1, Han JIANG1, Xing WANG2, Xi Ping FENG3, De Yu HU4,  
Huan Cai LIN5, Bo WANG2, Yan SI6, Chun Xiao WANG7, Shu Guo ZHENG6, Xue Nan LIU6, 
Wen Sheng RONG6, Wei Jian WANG6, Bao Jun TAI1

Objective: To investigate the prevalence and severity of dental caries among pre-school chil-
dren in China as part of the 4th National Oral Health Survey. 
Methods: The sampling process was conducted with a multistage stratified cluster method. 
A total of 40,360 children aged between 3 and 5 years were recruited for this study. Each 
participant was clinically assessed according to the 5th edition of the oral health survey’s 
basic methods recommended by the World Health Organization (WHO) and their parents or 
grandparents completed a questionnaire at a face-to-face interview. The status of dental car-
ies was shown in the form of the mean dmft and the prevalence of dental caries. The logistic 
regression analysis was performed to study the relationships between the prevalence of dental 
caries and the selected variables. 
Results: The prevalence of dental caries was 50.8%, 63.6% and 71.9% for 3-, 4- and 5-year-
olds, respectively. The mean dmft was 2.28, 3.40 and 4.24, respectively. Logistic regression 
analysis showed that children who were mixed-fed had a higher chance of staying free of 
dental caries; children who had dessert before going to bed were associated with a higher 
probability of caries.
Conclusion: The status of dental caries among preschool children in China is on the increase. 
The preschoolers’ dental caries status related to their breastfeeding conditions within the first 
6 months of life and their snacking habits.
Key words: China, dental caries, preschool children, epidemiology, the 4th National Oral 
Health Survey
Chin J Dent Res 2018;21(3):167–179; doi: 10.3290/j.cjdr.a41076

CJDR_18_03_BUCH.indb   167 10.09.18   10:57



168 Volume 21, Number 3, 2018

Du et al

is one of its most important parts. The results of these 
surveys showed a decline in mean dmft and the preva-
lence of dental caries for 5-year-old children, although 
these indexes remained high and most caries remains 
untreated6,7. According to a meta-analysis about early 
childhood caries in China from1987 to 2013, the pooled 
prevalence of dental caries for children aged 3 to 5 
years was 40.2%, 54.4% and 64.1%, respectively. A 
declining trend was shown in the prevalence of dental 
caries from 1987 to 20048.

Since the most recent national survey in 2005, dra-
matic changes have happened in China. Due to demo-
graphic alterations (including population growth and 
ageing) and economic changes, corresponding dietary 
structure, nutritional status and psychosocial develop-
ment changes have also occurred. Moreover, the gov-
ernment has implemented policies aimed at preventing 
and curing dental caries. All of these factors have an 
effect on its status among preschool children.

This study formed part of the 4th National Oral 
Health Survey, which was conducted between 2015 
and 2016. It enrolled 3-, 4- and 5-year-old children; 
previously national surveys on the prevalence of dental 
caries among preschool children in China only recruited 
children aged 5 years. It is the first time the National 
Oral Health Survey in China has enrolled all three ages. 

The aim of this part of the study was to investigate 
the prevalence, severity and the intraoral distribution 
of dental caries among preschool children in China. 
The information on the children’s oral health-related 

behaviours and their guardians’ socioeconomic status 
was obtained. In addition, the study reported the factors 
affecting caries status in this population. The results of 
this study would be useful for dental professionals and 
policy makers in the planning of dental services for 
preschool children. 

Materials and methods

Ethical clearance 

This cross-sectional survey was a national study under-
taken by the Chinese Stomatological Association. Ethi-
cal approval (Approval no. 2014-003) for the study 
was obtained from the Ethics Committee of Chinese 
Stomatological Association and informed consent was 
obtained from the guardian of each child.

Selection of subjects and sampling design 

The targeted subjects were 3- to 5-year-old children who 
had lived in the survey area for more than 6 months, 
and their ages were calculated according to the survey 
month. 

By considering estimated caries prevalence rate 
(P = 66.0%)(the prevalence of dental caries among 
5-year-old children in the 3rd National Oral Health 
Survey, 2005), the design effect (deff = 4.5), the 
significance	 level	 (α	=	5%),	 the	 margin	 of	 error	
(δ	=	10%),	the	calculating	formula 

                    ua / 2
2

     n = deff     p(1-p)
	 	 	 												δ2

and the non-response rate (20%), a study sample of 
13,392 subjects was targeted for each age group. 

For the first time, the survey enrolled all 31 prov-
inces, autonomous regions and municipalities of the 
mainland of China. Multistage stratified cluster sam-
pling was used to select participants. As presented in 
Figure 1, in the first stage, probability proportional 
to size (PPS) design was used to randomly select two 
urban areas and two rural areas from each province after 
the division of urban and rural areas in each province. 
In the second stage, the PPS method was used to select 
three kindergartens randomly from each area. In the 
third stage, a random sample of 36 children with equal 
sex distribution of each age group was recruited at each 
kindergarten. Some children were recruited from the 
local community when the chosen kindergartens could 
not provide enough subjects. Fig 1  Sampling process.
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Clinical examination

Every participant received a clinical assessment 
according to the Fifth Edition of the Oral Health Survey 
Basic Methods, as recommended by the WHO9. The 
oral health assessment form included identification 
information (gender, age and ethnicity) and condition 
of the teeth (coronal caries). The subject sat on a mobile 
dental chair during the examination. Three trained 
examiners examined subjects with a plane mouth mir-
ror and a Community Periodontal Index (CPI) probe 
under artificial light. Food debris was gently removed 
before the inspection. Caries experience was assessed 
in the form of the dmft index and scored according to 
WHO standard criteria. It means a tooth was recorded 
as decayed (dt) when a lesion had an unmistakable 
cavity, undermined enamel, or a detectably softened 
floor or wall; a tooth that was sealed but also decayed, 
was included as well. A tooth was recorded as missing 
(mt) when it was extracted due to caries. For missing 
primary teeth, this score should be used only if the 
subject is at an age when normal exfoliation would not 
be a sufficient explanation for absence. A tooth was 
recorded as filled (ft) when it was permanently filled 
without caries9.

Three trained licensed dental practitioners who had 
been calibrated following WHO guidelines performed 
the examination. Three trained individuals with clin-
ical experience served as recording clerks. Before the 
survey, every examiner was calibrated with the other 
two examiners and a fourth examiner, who acted as the 
standard examiner in the same setting. Each examiner 
then examined a group of 10 pre-selected subjects twice 
on the following day to assess the consistency. During 
the survey, a 5% random sample of the children was re-
examined on the same day to assess the intra-examiner 
agreement. Moreover, an experienced dental epidemi-
ologist re-examined half of the teeth for five of the sub-
jects who had been assessed by other examiners. Kappa 
values were calculated and inter- and intra-examiner 
reproducibilities were > 0.80.

Questionnaire 

The subject’s parents or grandparents completed a ques-
tionnaire through a face-to-face interview. Two trained 
individuals with clinical experience acted as investiga-
tors, with one in charge of the quality of the question-
naire survey. In districts where dialect was difficult to 
understand, a local person also acted as an assistant. 

The questionnaire consisted of four parts:
•	 The respondent’s relationship to the child; 

•	 Early life factors: birth weight, feeding approaches 
within the first 6 months of life;

•	 Oral health-related behaviours: toothbrushing behav-
iour, sugar intake behaviour, dental attendance expe-
rience; 

•	 Family factors: household income, parents’ education 
levels, parents’ dental knowledge and attitude.

Statistical analysis

Data analysis was performed using the SPSS (PC ver-
sion 21.0) software with the level of statistical signifi-
cance set at P < 0.05. Children with missing data were 
excluded from the analysis. Initially, we performed 
descriptive analyses and the dental caries status was 
shown in the form of the mean dmft and the prevalence 
of dental caries. In addition, the Significant Caries Index 
(SiC, the mean dmft of one-third of the population with 
the highest caries scores) was calculated.

Then the chi-square test was performed to test the 
association of the prevalence of dental caries with the 
selected variables. ANOVA was employed to study 
the distribution of dmft scores according to different 
variables. Afterwards, the logistic regression model was 
taken into account to study the relationships between 
the prevalence of dental caries and the selected vari-
ables. The enter method was used in the logistic regres-
sion. Odds ratios (ORs) and 95% confidence intervals 
(95% CI) were reported as the measure of association. 

Results

In total, 12,390 3-year-olds, 13,978 4-year-olds and 
13,992 subjects aged 5 years respectively, were recruited 
for the study. Each child was clinically examined and 
their parents or grandparents were invited to complete 
questionnaires. 

The prevalence of dental caries was 50.8%, 63.6% 
and 71.9% for 3-, 4- and 5-year-olds, respectively. 
The mean dmft (SD) was 2.28 (3.41), 3.40 (4.15) 
and 4.24 (4.48), respectively. The Significant Caries 
Index (SiC) (SD) was 6.04 (3.57), 8.24 (3.65) and 
9.61(3.40), respectively. The constituent ratio of ft was 
1.5%, 2.9% and 4.1%, respectively. Table 1 presents 
the prevalence of dental caries, the mean dmft and the 
SiC according to gender, age and area. All of these 
indices showed an increasing trend with age. And all 
of these values were higher in rural areas than in urban 
areas. No difference was found for gender in all of the 
three age groups. 

A positively skewed distribution of the dmft score 
was revealed, with skewness values of 2.0, 1.4 and 
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1.1 among 3-, 4- and 5-year-olds, respectively (Fig 2). 
Maxillary central incisors had the highest prevalence of 
dental caries, while mandibular incisors had the lowest. 
Among anterior teeth, the prevalence of dental caries in 
maxillary teeth was higher than that in mandibular teeth. 
In posterior teeth, the condition was opposite (Fig 3). 

Tables 2 and 3 present the comparison of the 
prevalence of dental caries and mean dmft for selected 
variables respectively. Exclusively or predominantly 
breastfed, having dessert before sleep, having dessert 
more than twice a day, lower parental dental knowledge 
or attitude score, a lower parental level of education, 

Table 1  The caries status of 3- to 5-year-old children of China (2015–2016).

Variables N
Prevalence  

of dental caries
dt (SD) mt (SD) ft (SD)

Mean dmft 
(SD)

SiC(SD)

3 years

Total 12,390 50.8% 2.25 (3.38) 0.00 (0.07) 0.03 (0.36) 2.28 (3.41) 6.04 (3.57)

Area

Urban 6,366 48.9% 2.08 (3.26) 0.00 (0.06) 0.05 (0.45) 2.13 (3.32) 5.71 (3.60)

Rural 6,024 52.8% 2.42 (3.48) 0.00 (0.07) 0.02 (0.24) 2.44 (3.50) 6.38 (3.51)

Gender

Male 6,186 50.9% 2.27 (3.38) 0.00 (0.08) 0.03 (0.35) 2.30 (3.41) 6.07 (3.55)

Female 6,204 50.6% 2.23 (3.37) 0.00 (0.04) 0.04 (0.37) 2.27 (3.42) 6.01 (3.60)

4 years

Total 13,978 63.6% 3.29 (4.07) 0.01 (0.10) 0.10 (0.63) 3.40 (4.15) 8.24 (3.65)

Area

Urban 7,031 61.7% 2.99 (3.81) 0.01 (0.11) 0.15 (0.77) 3.14 (3.94) 7.72 (3.55)

Rural 6,947 65.6% 3.60 (4.29) 0.01 (0.08) 0.05 (0.43) 3.66 (4.33) 8.77 (3.68)

Gender

Male 7,028 63.7% 3.37 (4.11) 0.01 (0.10) 0.10 (0.65) 3.47 (4.19) 8.40 (3.60)

Female 6,950 63.6% 3.22 (4.03) 0.01 (0.10) 0.10 (0.61) 3.32 (4.10) 8.08 (3.70)

5 years

Total 13,992 71.9% 4.06 (4.39) 0.01 (0.16) 0.17 (0.79) 4.24 (4.48) 9.61 (3.40)

Area

Urban 7,091 70.4% 3.78 (4.22) 0.01 (0.16) 0.23 (0.93) 4.03 (4.35) 9.23 (3.37)

Rural 6,901 73.4% 4.34(4.54) 0.01(0.16) 0.11(0.61) 4.47(4.60) 9.98(3.42)

Gender

Male 7,031 72.2% 4.09(4.41) 0.01(0.15) 0.18(0.79) 4.27(4.49) 9.64(3.42)

Female 6,961 71.6% 4.03(4.37) 0.01(0.17) 0.17(0.78) 4.21(4.47) 9.57(3.40)
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Fig 2  The frequency distribution of the dmft of the 3-, 4- and 5-year-old children.

Fig 3  Distribution of teeth with dmf caries of the 3-, 4- and 5-year-old children by tooth position.

lower household income and starting toothbrushing 
at a later age were all associated with caries in the 
primary dentition in all three age groups. Three-year-
old children with a normal birth weight had a higher 
prevalence of caries than those who did not, while no 
difference was found among children aged 4 and 5. 

Additionally, guardians’ knowledge and attitude was 
described in detail and we found those living in urban 
areas had a higher awareness rate in terms of knowl-
edge and attitude than those guardians from rural area 
(Figs 4 and 5).
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Table 2  Chi-square test for relationship of the prevalence of dental caries and selected variables.

Categories
3 years 4 years 5 years

Prevalence P value Prevalence P value Prevalence P value

Area 0.000 0.000 0.000 

 Urban 48.9% 61.7% 70.4%

 Rural 52.8% 65.6% 73.4%

Birth weight 0.029 0.670 0.235 

 Low (< 2500 g) 43.9% 64.5% 68.6%

 Normal (≥ 2500 g) 50.8% 63.4% 71.6%

Breastfeeding 0.000 0.000 0.000 

 Exclusively breastfed 54.6% 66.6% 74.8%

 Predominantly breastfed 53.9% 67.0% 73.2%

 Mixed fed (50/50) 39.7% 56.1% 65.4%

 Predominantly formula fed 47.2% 57.5% 67.0%

 Exclusively formula fed 47.4% 60.5% 69.3%

Sugar intake frequency 0.000 0.000 0.000 

 Less often then daily 48.9% 62.1% 70.1%

 Once a day 50.7% 63.7% 71.4%

 Twice a day or more 54.3% 66.8% 77.2%

Dessert before sleep 0.000 0.000 0.000 

 Often 58.0% 69.7% 78.1%

 Sometimes 53.7% 66.2% 74.7%

 Never 44.8% 58.4% 66.5%

Toothbrushing 0.797 0.006 0.000 

 Yes 50.7% 62.9% 70.8%

 No 50.9% 65.3% 74.8%

Age when toothbrushing started 0.044 0.000 0.000 

 Before or within first year 46.9% 55.4% 64.7%

 After the first year 50.7% 64.0% 72.1%

Parental dental knowledge 0.000 0.000 0.007 

 Score 0–2 53.7% 66.9% 73.2%

 Score 3–5 52.5% 65.1% 72.8%

 Score 6–8 48.6% 61.3% 70.5%

Parental dental attitude 0.022 0.000 0.016 

 Score 0–2 53.6% 66.8% 76.2%

 Score 3–4 52.4% 66.3% 71.9%

 Score 5–6 50.0% 62.3% 71.5%
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Categories
3 years 4 years 5 years

Prevalence P value Prevalence P value Prevalence P value

Parental education level 0.000 0.000 0.000 

 Up to primary school 54.6% 65.2% 73.8%

 Junior middle school 53.5% 66.9% 74.1%

 Senior middle school 50.6% 63.4% 72.4%

 Higher education 47.3% 59.7% 67.9%

Household income 0.018 0.000 0.008 

 Very low (< 6000 Yuan) 53.5% 67.2% 72.6%

 Low (6000-12000 Yuan) 51.2% 66.3% 72.8%

 Medium (12000-18000 Yuan) 51.0% 63.1% 70.4%

 High (18000-27000 Yuan) 50.4% 60.8% 68.4%

 Very high (≥ 27000 Yuan) 47.3% 59.1% 68.9%

Table 3  ANOVA for relationship of mean dmft and selected variables.

3 years 4 years 5 years

Mean dmft P value Mean dmft P value Mean dmft P value

Area 0.000 0.000 0.000 

 Urban 2.13 3.14 4.03 

 Rural 2.44 3.66 4.47 

Birth weight 0.346 0.298 0.521 

 Low (< 2500 g) 2.08 3.15 4.05 

 Normal (≥ 2500 g) 2.28 3.39 4.21 

Breastfeeding 0.000 0.000 0.000 

 Exclusively breastfed 2.53 3.72 4.60 

 Predominantly breastfed 2.47 3.53 4.35 

 Mixed fed (50/50) 1.64 2.69 3.44 

 Predominantly formula fed 1.98 2.89 3.67 

 Exclusively formula fed 2.07 3.20 4.02 

Sugar intake frequency 0.000 0.000 0.000 

 Less often then daily 2.12 3.20 3.97 

 Once a day 2.31 3.30 4.24 

 Twice a day or more 2.57 3.92 4.98 

Dessert before sleep 0.000 0.000 0.000 

 Often 2.94 4.43 5.00 

 Sometimes 2.49 3.61 4.56 

 Never 1.83 2.84 3.63 
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Logistic regression analysis was used to assess vari-
ables contributing to dental caries in children.  Table 4 
illustrates the relationships among selected variables in 
the regression model. In all three age groups, children 
who were mixed-fed had a higher chance of remaining 
caries-free. Children who had dessert before sleep were 
associated with a higher probability of caries. Also, for 
children aged 4 and 5 years, those who began brushing 
their teeth later in life and ate more sugar more fre-
quently had a higher probability of caries.

Discussion

The results of this study showed remarkable increasing 
trends of prevalence in both urban and rural areas among 
all three age groups.

Compared with the statistics obtained from the third 
national survey, the prevalence of caries had increased 
from 66.0% to 71.9% and the mean dmft changed from 
2.71 to 4.23 in 5-year-old children7, which was far from 
the goal of a no-caries rate of 50% in individuals aged 
5 years established for the year 2020 by the WHO10. 

3 years 4 years 5 years

Mean dmft P value Mean dmft P value Mean dmft P value

Toothbrushing 0.648 0.000 0.000 

 Yes 2.27 3.28 4.12 

 No 2.30 3.65 4.61 

Age when toothbrushing started 0.017 0.000 0.000 

 Before or within first year 1.97 2.63 3.40 

 After the first year 2.27 3.43 4.27 

Oral health knowledge 0.000 0.000 0.000 

 Score 0–2 2.46 3.79 4.61 

 Score 3–5 2.39 3.50 4.30 

 Score 6–8 2.15 3.19 4.08 

Oral health attitude 0.226 0.001 0.007 

 Score 0–2 2.44 3.80 4.70 

 Score 3–4 2.35 3.52 4.28 

 Score 5–6 2.25 3.32 4.19 

Parental education level 0.000 0.000 0.000 

 Up to primary school 2.64 3.66 4.48 

 Junior middle school 2.45 3.67 4.57 

 Senior middle school 2.22 3.39 4.30 

 Higher education 2.05 2.98 3.72 

Household income 0.000 0.000 0.001 

 Very low (< 6000 Yuan) 2.52 3.67 4.17 

 Low (6000-12000 Yuan) 2.25 3.60 4.43 

 Medium (12000-18000 Yuan) 2.46 3.23 4.00 

 High (18000-27000 Yuan) 2.13 3.23 3.92 

 Very high (≥ 27000 Yuan) 1.94 2.96 3.90 
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In Indonesia, a country whose per capita GDP is much 
lower than China, the prevalence of dental caries among 
5-year-olds (90%) was much higher than that we found 
in China11. Compared with Thailand, a country similar 
to China in terms of per capita GDP, we found the two 
countries had similar prevalence (78.5%) and mean 
dmft (4.4)12. Compared with caries status found in 
many industrialised countries, the caries status in China 
was more severe. Among 5-year-olds, the prevalence 
in Japan13 and Singapore14 were only 39% and 49%, 
respectively. The caries level of 3- and 4-year-olds also 

increased compared with the caries status obtained in 
the previous study – from 41.4% to 50.8% and from 
53.4% to 63.6%, respectively8. The prevalence reported 
in Japan was only 8.6% among 3-year-olds13. This dif-
ference between the two populations alarmed us that the 
prevalence of dental caries in China was severe even 
at a low age and it is therefore necessary to prevent 
children from dental caries at an earlier age in China. 

There are many possible explanations for this 
increasing trend. Despite all the efforts to control the 
prevalence of dental caries, there was a marked increase 

Fig 4  Oral health attitude: Item 1: Oral health 
is important; Item 2: Regular oral health exam-
ination is necessary; Item 3: The health of the 
teeth is not decided at birth and the efforts of 
yourself work as well; Item 4: Oral disease pre-
vention mainly depends on yourself; Item 5: It 
is important to protect your children’s first per-
manent molar; Item 6: The condition of maternal 
teeth will affect their children.

Fig 5  Oral health knowledge: Item 1: Gingi-
val bleeding is abnormal when toothbrushing; 
Item 2: Bacteria can cause gingival inflamma-
tion; Item 3: Toothbrushing can prevent gingi-
val bleeding; Item 4: Bacteria can cause dental 
caries; Item 5: Sugar intake can lead to dental 
caries; Item 6: Deciduous dental caries can-
not be left alone; Item 7: Pit and fissure sealing 
can prevent children from dental caries; Item 8: 
Fluoride can protect teeth.
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Table 4  Logistic regression analysis.

 95% C.I.

P value Exp (B) Lower Upper

3 years

Urban vs rural 0.277 1.054 0.959 1.159 

Low birth weight vs normal birth weight 0.219 1.140 0.925 1.405 

Breastfeeding

 Exclusively breastfed 0.000 Reference group

 Predominantly breastfed 0.305 0.936 0.826 1.062 

 Mixed fed (50/50) 0.000 0.481 0.413 0.559 

 Predominantly formula fed 0.001 0.745 0.625 0.887 

 Exclusively formula fed 0.000 0.705 0.616 0.806 

Sugar intake frequency 0.309 1.021 0.981 1.064 

Dessert before sleep 0.000 1.359 1.259 1.468 

Toothbrushing vs not 0.043 0.903 0.819 0.997 

Before or within first year vs later 0.471 1.079 0.878 1.326 

Parental dental attitude 0.884 1.004 0.956 1.054 

Parental dental knowledge 0.225 0.981 0.951 1.012 

Parental education level 0.006 0.928 0.880 0.978 

Household income

 Very low (< 6000 Yuan) 0.546 Reference group

 Low (6000-12000 Yuan) 0.264 0.916 0.786 1.068 

 Medium (12000-18000 Yuan) 0.404 0.937 0.803 1.092 

 High (18000-27000 Yuan) 0.843 0.984 0.839 1.154 

 Very high (≥ 27000 Yuan) 0.179 0.891 0.754 1.054 

4 years

Urban vs rural 0.178 1.066 0.971 1.171 

Low birth weight vs normal birth weight 0.521 1.070 0.870 1.315 

Breastfeeding

 Exclusively breastfed 0.000 Reference group

 Predominantly breastfed 0.334 0.941 0.831 1.065 

 Mixed fed (50/50) 0.000 0.671 0.581 0.774 

 Predominantly formula fed 0.000 0.626 0.530 0.740 

 Exclusively formula fed 0.000 0.769 0.672 0.879 

Sugar intake frequency 0.001 1.070 1.027 1.116 

Dessert before sleep 0.000 1.349 1.250 1.456 

Toothbrushing vs not 0.931 1.004 0.908 1.111 
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 95% C.I.

P value Exp (B) Lower Upper

Before or within first year vs later 0.010 1.318 1.068 1.627 

Parental dental attitude 0.826 0.995 0.948 1.043 

Parental dental knowledge 0.016 0.964 0.935 0.993 

Parental education level 0.973 1.001 0.950 1.055 

Household income

 Very low (< 6000 Yuan) 0.010 Reference group

 Low (6000-12000 Yuan) 0.507 0.952 0.822 1.101 

 Medium (12000-18000 Yuan) 0.092 0.877 0.753 1.022 

 High (18000-27000 Yuan) 0.004 0.795 0.680 0.930 

 Very high (≥ 27000 Yuan) 0.003 0.778 0.659 0.918 

5 years

Urban vs rural 0.598 1.027 0.931 1.133 

Low birth weight vs normal birth weight 0.887 0.985 0.799 1.214 

Breastfeeding

 Exclusively breastfed 0.000 Reference group

 Predominantly breastfed 0.113 0.900 0.791 1.025 

 Mixed fed (50/50) 0.000 0.670 0.578 0.777 

 Predominantly formula fed 0.018 0.797 0.661 0.963 

 Exclusively formula fed 0.000 0.771 0.670 0.886 

Sugar intake frequency 0.000 1.159 1.106 1.216 

Dessert before sleep 0.000 1.330 1.224 1.444 

Toothbrushing vs not 0.348 1.055 0.943 1.181 

Before or within first year vs later 0.001 1.469 1.165 1.852 

Parental dental attitude 0.394 1.022 0.972 1.073 

Parental dental knowledge 0.561 1.009 0.978 1.041 

Parental education level 0.141 0.959 0.908 1.014 

Household income

 Very low (< 6000 Yuan) 0.226 Reference group

 Low (6000-12000 Yuan) 0.960 1.004 0.862 1.169 

 Medium (12000-18000 Yuan) 0.268 0.915 0.782 1.071 

 High (18000-27000 Yuan) 0.057 0.854 0.726 1.005 

 Very high (≥ 27000 Yuan) 0.197 0.891 0.748 1.062 
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in economic development over the period of time 
reviewed in the survey15. The rise of the per capita GDP 
had increased significantly since 2005, compared with 
the period from 1995 to 2005. It resulted in a higher 
sugar intake, while access to oral healthcare was still 
absent16. This might be responsible for this trend17.

What is more, the significant difference of the status 
of caries between urban and rural areas was still alarm-
ing. There were many possible explanations for the 
higher level of dental caries and lower level of teeth 
being filled in rural areas. The higher awareness rate 
in all items of guardians’ knowledge and attitude in 
urban rather than rural areas may explain the difference. 
Another possible explanation was the lack of access to 
dental care in some rural areas16. 

Regarding guardians’ dental knowledge and attitude, 
the proportion of people who knew that pit and fissure 
sealing can prevent children from dental caries and that 
fluoride can protect teeth was extremely low (Figs 4 
and 5). Consequently, policy makers should pay more 
attention to the propaganda and the use of pit and fis-
sure sealing and fluoride in its various forms.

What interested us was that the children in this study 
who were exclusively or predominantly breastfed in the 
first six months of life had a higher prevalence of dental 
caries, although this behaviour was recommended by 
the WHO18. Similar results were found in the previous 
national study conducted in 200519. Furthermore, a 
longitudinal study in 2015 about the association of car-
ies and breastfeeding among the Japanese population, 
found that 30-month-old infants who were exclusively 
or predominantly breastfed for the first six months of 
life had a higher risk of suffering dental caries com-
pared with those who were not, and this association 
decreased with age20. While the relationship between 
breastfeeding and general health is sure, it is not clear 
what specific conditions associated with breastfeeding 
contribute to dental caries21. This means the informa-
tion about breastfeeding delivered to parents should be 
accurate. Consequently, it is necessary to give appro-
priate guidance on breastfeeding considering the social 
context of China. 

Low birth weight is not a risk factor among 3- to 
5-year-olds. It has been reported that low birth weight 
may affect the tooth formation in utero, which will 
result in enamel hypoplasia22. It may increase the risk 
of early childhood caries23. However, this study could 
not find an association between low birth weight and 
the prevalence of dental caries, a result consistent with 
the previous study in China19. 

In conclusion, dental caries status among preschool 
children in China showed an increased trend compared 
with the last national survey. The preschoolers’ dental 
caries status related to their breastfeeding conditions 
within the first half year of life and their snacking hab-
its. It is important to identify the factors leading to the 
observed trends and corresponding action should be 
taken to prevent dental caries.
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The researchers Hermann 1 and Broggini 2 suggested that the interface or microgap between the implant

 and the abutment has a harmful e�ect on the marginal bone level.
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The di�erent torque applied to the abutment-implant system determines the bacterial leakage at the 

implant-abutment interface. No microleakage was observed at 20 and 30 Ncm.

1. Hermann JS, Cochran DL, Nummikoski PV, Buser D. Crestal Bone Changes Around Titanium Implants. A Radiographic Evaluation of 
Unloaded Nonsubmerged and Submerged Implants in the Canine Mandible. J Periodontol 1997;68(11):1117-1130

2. Broggini N, McManus LM, Hermann JS, Medina R, Schenk RK, Buser D, Cochran DL.Peri-implant inflammation defined by the 
implant-abutment interface. J Dent Res 2006;85(5):473-8.

GAP “0” Scientific support 
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between the abutment and the implant. No gap was found at screw/abutment or abutment/implant interface.
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Puberty is an important stage of children’s growth 
and development, during which both their physical 

and mental status gradually mature1. As an important 
part of general health, oral health is also a hot topic. 
After more than 6 years’ replacement of primary teeth by 
their successors, the permanent dentition begins to take 
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Permanent Teeth Caries Status of 12- to 15-year-olds in China: 
Findings from the 4th National Oral Health Survey
Jun Kang QUAN1#, Xiao Zhe WANG1#, Xiang Yu SUN1, Chao YUAN1, Xue Nan LIU1,  
Xing WANG2, Xi Ping FENG3, Bao Jun TAI4, De Yu HU5, Huan Cai LIN6, Bo WANG2, Yan SI1, 
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Objective: To investigate the dental caries status of teenagers in China by means of analysing 
national data from the 4th National Oral Health Survey of China.
Methods: Data for 12- to 15-year-olds participated in the 4th National Oral Health Survey of 
China were used for statistical analysis. Children who were recruited in the survey completed 
a dental examination and filled in a questionnaire. Social demographic factors, oral hygiene 
behaviours, sugar consumption habits, status of dental service utilisation, and pit-and-fissure 
sealant history were compared between adolescents with caries experiences and those without. 
For decayed, missing and filled permanent teeth (DMFT) and each of its components, mean 
values were statistically tested to see if significance existed between or among different cat-
egories of all involved variables.
Results: In total, data from 27,821, 30,961, 30,691 and 29,128 Chinese 12-, 13-, 14-, and 
15-year-olds respectively, were analysed. Social demographic factors, sugar consumption and 
dental service utilisation showed statistical significance when compared between those with 
and without dental caries experience in the 12- and 15-year-old groups. Certain categories of 
these factors above also had important influence on the mean value of the number of decayed 
teeth (DT), filled teeth (FT) and DMFT, and they might be potential determinants of dental 
caries experience of permanent teeth for teenagers. 
Conclusion: Dental caries in 12- and 15-year-old Chinese adolescents was impacted by 
certain social demographic and dental behavioural factors, which could provide some impli-
cations for policy makers and dental public health professionals when attempting to enhance 
oral health status for those teenagers in the early stages  of permanent dentition. 
Key words: adolescents, dental caries, dental behaviour, social demographic factor, the 4th 
National Oral Health Survey
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its function during the following decades of life. Thus, 
the World Health Organization (WHO) regards 12- to 
15-year-olds as a reference group for oral health surveys 
among population, as an expansion of the 12-year-old 
group used previously2.

Dental caries, or tooth decay, is the most common 
disease in the oral cavity among teenagers worldwide. 
In 1995 and 2005, the prevalence of permanent caries 
in 12-year-old Chinese children was 45.8% and 28.9%, 
respectively, while the mean number of decayed, miss-
ing (due to caries) and filled permanent teeth (mean 
DMFT) changed from 1.03 to 0.5 during the decade3,4. 
The caries status in China exhibits characteristics typi-
cally found in developing countries, as in the year 2005, 
89% of caries teeth in 12-year-old adolescents remained 
untreated3,4. The geographic distribution of dental car-
ies also showed an appearance of inequality in both 
DMFT and the number of decayed teeth (DT) among 
different regions of the whole country5. Meanwhile, 
the oral behaviours of these teenagers – including 
toothbrushing habits, consumption of sugary foods, and 
visits to the dentist – vary in different provinces and 
urban/rural areas6,7. 

China, as one of the largest developing countries in 
the world, has accomplished a great achievement in 
economic development during the past decade, however 
the unchanged family-planning policies started from 
1980s mad the size of the young population still under 
strict control before the 4th National Oral Health Survey 
began. As the birth rate maintained at a lower level than 
ever before, children’s wellbeing, especially for those 
of school age and who will become the backbone of 
society in about 2030, is emphasised by the government 
several times. As dental caries poses a great burden to 
the population4,8, caries control has been put onto the 
government’s agenda by carrying out national public 
health programmes with a broad application of appro-
priate preventative techniques for children. Under this 
condition, analysis of the most recent prevalence data of 
caries among children at teenage and its related factors 
will yield greater understanding of the current situation, 
and could provide more reasonable suggestions on the 
reformation and innovation of policies related to dental 
public health. 

The aim of this study was to analyse data of caries 
status among 12- to 15-year-old adolescents in China, 
and to discover its relationships with certain influence 
factors, so as to comprehensively describe the current 
situation of dental caries in Chinese teenagers, as well 
as to lay the foundation for further in-depth analysis.

Materials and methods

Data resource

This cross-sectional study used data from the 4th 
National Oral Health Survey of China (2015–2016), 
which covered the four WHO index ages. All 31 prov-
inces, autonomous regions and municipalities of the 
mainland of China participated in the survey. Partici-
pants were selected using a multistage stratified cluster 
sampling method. Firstly, each province was divided 
into two strata: urban and rural areas, then two districts 
or counties were randomly selected from each stratum. 
Secondly, three middle schools were randomly chosen 
from every district or county, respectively, from a list 
provided by the council. Thirdly, at each middle school, 
a random sample of 320 children aged 12, 13, 14, and 
15 years was recruited using the list of enrolees, with 80 
children enrolled for each age group. A target sample 
of 3,840 participants was initially set per province, for 
a total of 119,040 children nationally. Finally, a total 
of 118,601 school-age participants completed a clinical 
examination and questionnaire, and were enrolled for 
the present analysis. Ethical clearance was approved by 
the Stomatological Ethics Committee of Chinese Stoma-
tological Association (Approval no. 2014-003).

Variable selection

Dental clinical examinations were carried out with par-
ticipants seated on a chair, using artificial light, plane 
mouth mirrors and standard WHO CPI probes. All per-
manent teeth were examined and dental caries was diag-
nosed according to the WHO criteria. Before the national 
survey began, unified training sessions were provided to 
representative survey examiners from all the provinces. 
For reliability assessment, duplicate examinations were 
conducted during the main survey. Five percent of par-
ticipants were re-examined to calculate inter-examiner 
reliability, and the Kappa score was 0.94 for the exam-
ination of dental caries in 12- to 15-year-olds. 

The number of DMFT was calculated to show the 
overall caries status and experience. Each item of 
DMFT, namely the number of decayed permanent teeth 
(DT), missing permanent teeth (MT) and filled perma-
nent teeth (FT), was also computed separately. These 
values could exhibit children’s dental caries experience, 
and will be used as a grouping variable in the subse-
quent step of comparative analysis.

As well as the above, variables involved in the 
present study included five categories in total: social 
demographic factors, oral hygiene behaviours, sugar 
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consumption habits, utilisation of dental service, and 
pit-and-fissure sealants. Area, gender, number of chil-
dren in the family, and paternal and maternal education 
levels were reported as social demographic factors. Oral 
hygiene behaviours were frequency of toothbrushing, 
use of toothpaste, use of fluoride paste, and use of dental 
floss. Sugar consumption habits refer to frequency of 
taking three typical categories of sweet things: sweet 
foods, sweet drinks, and sweetened milk/yoghurt/tea/
coffee. Utilisation of dental services was measured by 
the date of last dental visit and purpose for that visit. The 
detailed information of grading standard of each vari-
able is exhibited in the Supplementary table. All these 
variables extracted from the examination tables and 
questionnaires were representative oforal health-related 
factors, which will then be further statistically analysed 
of their relationships with dental caries experience.

Statistical analysis

First, a descriptive analysis of each factor involved was 
performed for the full study sample of 12- to 15-year-
olds to show the number of children and percentage 

of each category. Next, these factors were compared 
between children with permanent caries experience and 
those without (DMFT > 0) with a Chi-square test used 
to assess if statistical significance existed. Furthermore, 
the mean value of DMFT and its subcategories (DT, 
MT and FT) were compared among all categories of 
involved factors using a t test (for two-categorised vari-
ables under normal distribution), one-way analysis of 
variance (ANOVA, for these factors with three or more 
categories under normal distribution) or non-parameter 
tests (under non-normal condition, Mann-Whiney test 
for two-categorised variables, and the Kruskal-Wallis 
test for these factors with three or more categories). 
P < 0.05 was considered as statistically significant.

Results

In total, 27,821 12-year-olds, 30,961 13-year-olds, 
30,691 14-year-olds and 29,128 15-year-olds were 
enrolled in this research. There was an equal male to 
female ratio, and in all age groups an even distribution 
for urban and rural areas. The distribution of all involved 
factors for the full study sample is presented in Table 1. 

Supplementary Table  Variables involved in the present study

Categories Sub-categories Options

Social demographic factors Area Urban/rural

Gender Male/female

Number of children in the family One/more than one

Paternal and maternal educational levels Low level (lower than primary school, primary school)

Middle level (junior middle school, senior middle school, 
technical secondary school)

High level (junior college, university, postgraduate or higher)

Oral hygiene behaviour Frequency of toothbrushing
More than twice a day/once a day/less than once a day/
seldom or never

Use of toothpaste Yes/no

Use of fluoride paste Yes/no

Use of dental floss Never/occasionally/every week/every day

Sugar consumption habits
Frequency of taking three typical 
 categories of sweet things*

One to three times a month (score 1)/once a week (score 2)/ 
two to six times a week (score 3)/once a day (score 4)/more 
than once a day (score 5)#

Utilisation of dental  
services

The time of last dental visit
Within 6 months ago/6-12 months ago/more than 12 months 
ago/never

Purpose of that visit
Consulting and dental examination/prophylactic reasons/
treatment

*  Three typical categories of sweet things: sweet foods, sweet drinks, and sweetened milk/yoghurt/tea/coffee.
#  Total score: 3–6, 7–10, 11–14, 15–18 were considered as low, relatively low, middle, and high level of frequency.
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Table 1  Characteristics of the samples for Chinese 12- to 15-year-olds.

Variables
12-year-olds 13-year-olds 14-year-olds 15-year-olds Total

N % N % N % N % N %

Total 27,821 23.5 30,961 26.1 30,691 25.9 29,128 24.6 118,601 100.0 

Social demographics

Area

Urban 14,265 51.3 15,745 50.9 15,527 50.6 14,772 50.7 60,309 50.9 

Rural 13,556 48.7 15,216 49.1 15,164 49.4 14,356 49.3 58,292 49.1 

Gender

Male 13,841 49.8 15,516 50.1 15,376 50.1 14,530 49.9 59,263 50.0 

Female 13,980 50.2 15,445 49.9 15,315 49.9 14,598 50.1 59,338 50.0 

Number of children in the family

One child 10,011 36.0 11,281 36.4 11,154 36.3 11,092 38.1 43,538 36.7 

More than one child 17,806 64.0 19,678 63.6 19,534 63.7 18,036 61.9 75,054 63.3 

Father’s education level

Low level 4,756 19.7 5,574 20.5 5,863 21.5 5,717 21.6 21,910 20.8 

Middle level 16,263 67.2 18,231 66.9 18,186 66.6 17,454 66.1 70,134 66.7 

High level 3,164 13.1 3,441 12.6 3,256 11.9 3,251 12.3 13,112 12.5 

Mother’s education level

Low level 6,861 28.4 8,102 29.8 8,555 31.6 8,455 32.2 31,973 30.5 

Middle level 14,544 60.2 16,062 59.0 15,782 58.2 15,114 57.5 61,502 58.7 

High level 2,751 11.4 3,053 11.2 2,771 10.2 2,700 10.3 11,275 10.8 

Oral hygiene habits

Frequency of toothbrushing

More than twice a day 8,879 31.9 9,827 31.7 10,015 32.6 9,935 34.1 38,656 32.6 

Once a day 14,158 50.9 16,497 53.3 16,832 54.9 16,358 56.2 63,845 53.8 

Less than once a day 1,469 5.3 1,543 5.0 1,423 4.6 1,075 3.7 5,510 4.6 

Seldom or never 3,309 11.9 3,092 10.0 2,416 7.9 1,756 6.0 10,573 8.9 

Toothpaste use 

Yes 24,233 99.6 27,573 99.6 27,995 99.7 27,099 99.7 106,900 99.7 

No 86 0.4 98 0.4 77 0.3 88 0.3 349 0.3 

Use of fluoride toothpaste

Yes 1,645 55.0 1,861 54.6 2,326 58.0 2,992 62.1 8,824 58.0 

No 1,346 45.0 1,547 45.4 1,683 42.0 1,826 37.9 6,402 42.0 

Use of dental floss

No 25,149 90.4 27,753 89.7 27,710 90.3 26,470 90.9 107,082 90.3 

Occasionally 2,314 8.3 2,794 9.0 2,593 8.5 2,363 8.1 10,064 8.5 

Every week 188 0.7 218 0.7 205 0.7 142 0.5 753 0.6 

Every day 164 0.6 191 0.6 177 0.6 147 0.5 679 0.6 
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Variables
12-year-olds 13-year-olds 14-year-olds 15-year-olds Total

N % N % N % N % N %

Sugar consumption habits

Low frequency 5,998 26.9 5,950 26.7 5,349 24.0 4,998 22.4 22,295 23.5 

Relative low frequency 10,827 24.1 11,710 26.1 11,568 25.8 10,760 24.0 44,865 26.1 

Middle frequency 8,490 21.6 10,223 25.4 10,458 26.6 10,144 25.8 39,315 25.9 

High frequency 2,505 20.7 3,072 14.3 3,310 27.3 3,221 26.6 12,108 24.6 

Dental service utilisation

Time from the last dental visit 

Less than 6 months 3,646 13.1 3,890 12.6 3,582 11.7 3,206 11.0 14,324 12.1 

6-12 months 3,704 13.3 3,721 12.0 3,294 10.7 2,893 9.9 13,612 11.5 

More than 12 months 7,433 26.7 8,296 26.8 7,771 25.3 7,170 24.6 30,670 25.9 

Never 13,036 46.9 15,052 48.6 16,037 52.3 15,853 54.4 59,978 50.6 

Purpose of the last dental visit

Consulting and dental 
examination

1,791 27.8 1,937 28.7 1,665 27.1 1,537 27.8 6,930 27.9 

Prophylactic reasons 1,380 21.4 1,270 18.8 1,026 16.7 810 14.7 4,486 18.0 

Treatment 3,272 50.8 3,542 52.5 3,446 56.2 3,181 57.5 13,441 54.1 

Pit-and-fissure sealant history

Yes 1,918 6.9 1,901 6.1 1,563 5.1 1,405 4.8 6,787 5.7 

No 25,903 93.1 29,060 93.9 29,128 94.9 27,723 95.2 111,814 94.3 

Table 2 shows the prevalence of permanent dental 
caries, as well as mean DMFT values, and its subgroup 
(DT, MT, and FT) values in 12- to 15-year-olds under 
different stratification of location and sex. Overall, 
38.5% of 12-year-olds, 41.2% of 13-year-olds, 43.3% 
of 14-year-olds and 44.42% of Chinese 15-year-olds 
experienced permanent dental caries, which showed sig-
nificant difference among age groups (P < 0.001). The 
strong relationship between age and caries prevalence 
was manifested not only in diverse locations, but also 
in different sex clusters (P < 0.001). The mean DMFT 
values of 12- to 15-year-old children were 0.86 ± 1.48, 
0.99 ± 1.67, 1.10 ± 1.83, 1.20 ± 1.99, respectively. A 
remarkable difference (P < 0.001) was exhibited among 
age groups, indicating that age was an important associ-
ated factor with permanent dental caries experience in 
young Chinese people. Strikingly, 81.3% to 83.4% of 
permanent teeth with caries remained untreated in four 
age groups.

To explore the potential correlative factor of dental 
caries prevalence, a comparison of five categorised 
variables was made in the 12- and 15-year-old groups. 
Results from the Chi-square test exhibited that nine 
selected variables were significantly associated with 
the prevalence of caries in children aged 12, includ-
ing location, sex, number of children in the family, 
paternal education level, maternal education level, 
use of toothpaste, sugar consumption habits, date of 
last dental visit, and purpose of the most recent dental 
visit. Analogously, there were also nine variables sig-
nificantly associated with caries status in 15-year-olds, 
consisting of all factors in the categories of social 
demographic factors, sugar consumption habits and 
utilisation of dental service. Unlike the 12-year-olds, 
frequency of toothbrushing (P < 0.001), but not use of 
toothpaste (P = 0.709), exhibited an important influ-
ence on the prevalence of dental caries in the 15-year-
old group (Table 3).
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Furthermore, univariate analyses for different cat-
egories of involved factors with DT, MT, FT, and 
DMFT in 12 and 15-year-olds were carried out. Results 
in Tables 4 and 5 exhibited that, similar to those related 
factors with caries prevalence, each variable under 
social demographic factors, sugar consumption habits, 
utilisation of dental service and partial variables under 
the category of oral hygiene behaviours has important 
influence on mean value of DMFT, DT and FT, but not 
MT. Overall, preliminary results indicated that these 
factors might be potential determinants of dental caries 
experience in the permanent teeth of young people in 
China. 

Discussion

This study used data sourced from the 4th National Oral 
Health Survey of China, which was conducted in 2015 
and covered all 31 provinces, municipalities and autono-
mous regions countrywide in mainland China. With the 
analysis in our present study, we have obtained the prev-
alence and associated factors of permanent dental caries 
in Chinese adolescents aged 12 to 15 years old, and a 
descriptive analysis of the current condition of dental 
caries was also exhibited from all aspects, providing a 
necessary basis for the health authorities to improve the 
dental health of the young Chinese population. 

Over the past two decades, the prevalence of per-
manent caries in 12-year-old Chinese children fluctu-
ated in 1995, 2005 and 2015 – by 45.8%, 28.9%, and 
38.5%, respectively. A similar trend could be found in 
the change of mean DMFT – from 1.03, 0.5 to 0.86 – 
which always stayed at relative low levels, according 
to the WHO’s criteria3,4. As according to its economic 
condition the People’s Republic of China is still a 
developing country, the proportion of untreated tooth 
decay remained at a high level, although a slight reduc-
tion could be found from 88.8% to 83.4% in the past 
decade4. 

Our findings indicated that social geographical 
factors were strongly associated with not only the 
prevalence of permanent dental caries in all the 12- to 
15-year-old groups, but also the DMFT values. Children 
in rural areas had a higher level of caries prevalence and 
a higher DMFT score compared with those from urban 
areas. Analogous correlation was also reported in simi-
lar national surveys in Australia9, Greece10, Cyprus11, 
and Pakistan12, as well as the investigation using 
partial data of the 3rd National Oral Health Survey of 
China5, implying more treatments were needed for the 
rural teenage population. Poor oral health behaviours 
and limited access to health services were supposed Ta

b
le

 2
  

C
ar

ie
s 

p
re

va
le

nc
e 

an
d

 D
T,

 M
T,

 F
T,

 D
M

FT
 v

al
ue

s 
am

on
g 

12
- 

to
 1

5-
ye

ar
-o

ld
s.

Va
ri

ab
le

s
12

-y
ea

r-
o

ld
s

13
-y

ea
r-

o
ld

s
14

-y
ea

r-
o

ld
s

15
-y

ea
r-

o
ld

s

D
en

ta
l  

ca
rie

s 
 

p
re

va
le

nc
e

D
T

(S
D

)
M

T
(S

D
)

FT (S
D

)
D

M
FT

(S
D

)

D
en

ta
l  

ca
rie

s 
 

p
re

va
le

nc
e

D
T

(S
D

)
M

T
(S

D
)

FT (S
D

)
D

M
FT

(S
D

)

D
en

ta
l  

ca
rie

s 
 

p
re

va
le

nc
e

D
T

(S
D

)
M

T
(S

D
)

FT (S
D

)
D

M
FT

(S
D

)

D
en

ta
l  

ca
rie

s 
 

p
re

va
le

nc
e

D
T

(S
D

)
M

T
(S

D
)

FT (S
D

)
D

M
FT

(S
D

)

To
ta

l
38

.5
%

0.
71

(1
.3

3)
0.

00
(0

.0
7)

0.
14

(0
.6

2)
0.

86
(1

.4
8)

41
.2

%
 

0.
82

(1
.4

9)
0.

01
(0

.0
9)

0.
16

(0
.7

0)
0.

99
(1

.6
7)

43
.3

%
0.

90
(1

.6
0)

0.
01

(0
.1

0)
0.

19
(0

.7
9)

1.
10

(1
.8

3)
44

.4
%

0.
97

(1
.7

2)
0.

01
(0

.1
0)

0.
22

(0
.8

8)
1.

20
(1

.9
9)

A
re

a

 U
rb

an
37

.0
%

0.
66

(1
.2

8)
0.

00
(0

.0
7)

0.
16

(0
.6

8)
0.

83
(1

.4
8)

40
.5

%
0.

75
(1

.3
8)

0.
00

(0
.0

8)
0.

19
(0

.7
5)

0.
95

(1
.6

0)
42

.2
%

0.
84

(1
.5

2)
0.

00
(0

.0
8)

0.
21

(0
.8

4)
1.

05
(1

.7
8)

43
.3

%
0.

90
(1

.6
4)

0.
01

(0
.0

9)
0.

25
(0

.9
8)

1.
16

(1
.9

8)

 R
ur

al
40

.0
%

0.
77

(1
.3

8)
0.

00
(0

.0
8)

0.
11

(0
.5

4)
0.

88
(1

.4
9)

41
.9

%
0.

88
(1

.5
9)

0.
01

(0
.1

0)
0.

14
(0

.6
3)

1.
03

(1
.7

4)
44

.5
%

0.
97

(1
.6

8)
0.

01
(0

.1
2)

0.
16

(0
.7

2)
1.

14
(1

.8
8)

45
.6

%
1.

04
(1

.8
0)

0.
01

(0
.1

1)
0.

18
(0

.7
7)

1.
23

(2
.0

0)

G
en

d
er

 M
al

e
33

.8
%

0.
59

(1
.1

7)
0.

00
(0

.0
6)

0.
10

(0
.4

9)
0.

70
(1

.2
0)

36
.2

%
0.

68
(1

.3
1)

0.
01

(0
.0

8)
0.

13
(0

.5
7)

0.
81

(1
.4

7)
38

.0
%

0.
75

(1
.4

4)
0.

01
(0

.0
9)

0.
13

(0
.6

3)
0.

89
(1

.6
1)

39
.1

%
0.

82
(1

.5
8)

0.
01

(0
.0

9)
0.

15
(0

.6
8)

0.
98

(1
.7

6)

 F
em

al
e

43
.1

%
0.

84
(1

.4
6)

0.
00

(0
.0

8)
0.

17
(0

.7
2)

1.
02

(1
.6

3)
46

.2
%

0.
96

(1
.6

3)
0.

01
(0

.0
9)

0.
20

(0
.8

0)
1.

16
(1

.8
3)

48
.7

%
1.

05
(1

.7
4)

0.
01

(0
.1

1)
0.

24
(0

.9
1)

1.
30

(2
.0

0)
49

.7
%

1.
12

(1
.8

5)
0.

01
(0

.1
1)

0.
28

(1
.0

5)
1.

42
(2

.1
8)

CJDR_18_03_BUCH.indb   186 10.09.18   10:57



187Chinese Journal of Dental Research

Quan and Wang et al

Table 3  Prevalence and univariate variable analysis of related factors in 12- and 15-year-olds with and without permanent dental caries.

Variables
12-year-olds 15-year-olds

N DMFT > 0 (%) P value N DMFT > 0 (%) P value

Total 27,821 38.5 29,128 44.4 

Social demographics

Area

Urban 14,265 37.0  < 0.001 14,772 43.3  < 0.001

Rural 13,556 40.0 14,356 45.6 

Gender

Male 13,841 33.8  < 0.001 14,530 39.1  < 0.001

Female 13,980 43.1 14,598 49.7 

Number of children in the family

One child 10,011 36.9  < 0.001 11,092 43.0  < 0.001

More than one child 17,806 39.4 18,036 45.3 

Father’s education level

Low level 4,756 41.4  < 0.001a 5,717 46.5  < 0.001a

Middle level 16,263 38.0 17,454 44.0 

High level 3,164 34.6 3,251 41.9 

Mother’s education level

Low level 6,861 38.9  < 0.001a 8,455 45.1 0.005 

Middle level 14,544 38.9 15,114 44.5 

High level 2,751 34.3 2,700 41.6 

Oral hygiene habits

Frequency of toothbrushing

More than twice a day 8,879 38.8 0.428a 9,935 46.1  < 0.001a

Once a day 14,158 38.4 16,358 43.9 

Less than once a day 1,469 39.8 1,075 42.0 

Seldom or never 3,309 37.6 1,756 40.9 

Toothpaste use 

Yes 24,233 38.5 0.016 27,099 44.6 0.709 

No 86 51.2 88 46.6 

Use of fluoride toothpaste

Yes 1,645 36.5 0.524 2,992 43.9 0.193 

No 1,346 37.7 1,826 45.8 

Use of dental floss

No 25,149 38.3 0.436a 26,470 44.3 0.136a

Occasionally 2,314 40.0 2,363 45.9 

Every week 188 39.4 142 37.3 

Every day 164 39.6 147 46.9 
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to be responsible for the inequalities of caries status in 
Chinese schoolchildren between urban and rural areas5, 
a fact that requires further exploration and research.

The variables of parental (paternal and maternal) 
education level showed to be probable influencing fac-
tors for caries in 12- and 15-year-olds. In the present 
study, dental caries prevalence varied widely under dif-
ferent parental education levels, ranging from 34.3% to 
46.5%; while their DMFT and DT values were also sta-
tistically different. Interestingly, the national pathfinder 
survey in Greece also concluded that the level of pater-
nal educational is a significant predictor of the extent 
of dental caries, which was negatively related to DMF 
values and to untreated dental caries10, providing sup-
portive evidence for the findings of the present study.

As we know, an acknowledged consensus is that 
sugar products were implicated in several non-commu-
nicable diseases, undoubtedly including dental caries13. 
The cariogenic effects of sugar was further confirmed 
by well-conducted longitudinal studies in Brazil on 
the relationship between feeding practices and caries 

experience, with the conclusion that the higher the life-
course sugar consumption, the higher the increment 
of dental caries14,15. Although no cause-and-effect 
relationship could be concluded from the findings of 
our present cross-sectional study, the prevalence of 
dental caries and DMFT values assumed an ascending 
trend from 12-year-olds to 15-year-olds. In evidence, 
we could still draw a close association between the fre-
quency of all types of sugar consumption – sweet foods, 
sweet drinks, and sweetened milk/yogurt/tea/coffee – to 
the occurrence and development of permanent dental 
caries in young people.

Utilisation of dental services was also confirmed as 
an important factor associated with dental caries expe-
rience in the present study. With a certain degree of 
improvement achieved over the past 10 years, a problem 
needing urgent attention is that in 12- to 15-year-olds 
respectively there are still only 26.4%, 24.6%, 22.4% 
and 20.9% children reported to have visited a dental 
practitioner within the past year, while about 50% of 
teenage students had never visited a dentist before. 

Variables
12-year-olds 15-year-olds

N DMFT > 0 (%) P value N DMFT > 0 (%) P value

Sugar consumption habits

Low frequency 5,998 34.2  < 0.001a 4,998 38.5  < 0.001a

Relative low frequency 10,827 37.8 10,760 42.8 

Middle frequency 8,490 40.8 10,144 46.5 

High frequency 2,505 38.5 3,221 44.4 

Dental service utilization

Time from the last dental visit 

Less than 6 months 3,646 48.6  < 0.001a 3,206 58.2  < 0.001a

6-12 months 3,704 46.1 2,893 58.8 

More than 12 months 7,433 40.2 7,170 47.5 

Never 13,036 32.5 15,853 37.6 

Purpose of the last dental visit

Consulting and dental 
examination

1,791 39.3  < 0.001a 1,537 46.5  < 0.001a

Prophylactic reasons 1,380 37.7 810 42.5 

Treatment 3,272 56.6 3,181 70.4 

Pit-and-fissure sealant history

Yes 1,918 39.5 0.167 1,405 43.3 0.404 

No 25,903 38.3 27,723 44.5 

x2 test was performed to test between young Chinese people with experience of caries and those without.  
a x2 for trend
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Table 4  Univariate variable analysis of related factors with DT, MT, FT and DMFT in 12-year-olds.

Variables
DT MT FT DMFT

Mean SD P value Mean SD P value Mean SD P value Mean SD P value

Total 0.71 1.33 0.00 0.07 0.14 0.62 0.86 1.48 

Social demographics

Area

Urban 0.66 1.28  < 0.001 0.00 0.07 0.463 0.16 0.68  < 0.001 0.83 1.48 0.004

Rural 0.77 1.38 0.00 0.08 0.11 0.54 0.88 1.49 

Gender

Male 0.59 1.17  < 0.001 0.00 0.06 0.052 0.10 0.49  < 0.001 0.70 1.30  < 0.001

Female 0.84 1.46 0.00 0.08 0.17 0.72 1.02 1.63 

Number of children in the family

One child 0.60 1.20  < 0.001 0.00 0.06 0.082 0.21 0.76  < 0.001 0.82 1.45  < 0.001

More than one child 0.78 1.39 0.00 0.08 0.10 0.51 0.88 1.50 

Father’s education level

Low level 0.86 1.49  < 0.001a 0.01 0.11 0.011 0.06 0.36  < 0.001a 0.93 1.55  < 0.001a

Middle level 0.71 1.30 0.00 0.06 0.13 0.60 0.84 1.46 

High level 0.49 1.09 0.00 0.05 0.27 0.90 0.77 1.44 

Mother’s education level

Low level 0.80 1.45  < 0.001a 0.01 0.09  < 0.001a 0.06 0.40  < 0.001a 0.87 1.52  < 0.001a

Middle level 0.71 1.30 0.00 0.07 0.15 0.65 0.86 1.48 

High level 0.48 1.11 0.00 0.04 0.27 0.84 0.76 1.39 

Oral hygiene habits

Frequency of toothbrushing

More than twice a day 0.66 1.30  < 0.001 0.00 0.06 0.145 0.23 0.83  < 0.001 0.90 1.55 0.148 

Once a day 0.73 1.33 0.00 0.07 0.10 0.51 0.84 1.45 

Less than once a day 0.78 1.30 0.00 0.06 0.08 0.43 0.86 1.39 

Seldom or never 0.75 1.40 0.01 0.09 0.06 0.39 0.82 1.47 

Toothpaste use 

Yes 0.71 1.32 0.033 0.00 0.07 0.49 0.15 0.64 0.886 0.86 1.48 0.038 

No 1.17 2.00 0.01 0.11 0.14 0.53 1.33 2.05 

Use of fluoride toothpaste

Yes 0.62 1.25 0.011 0.00 0.06 0.750 0.16 0.61 0.427 0.79 1.38 0.048 

No 0.75 1.41 0.00 0.05 0.14 0.57 0.89 1.53 

Use of dental floss

No 0.72 1.33 0.158 0.00 0.07 0.886 0.12 0.59  < 0.001 0.85 1.47 0.093 

Occasionally 0.69 1.33 0.00 0.05 0.27 0.84 0.96 1.60 

Every week 0.68 1.29 0.01 0.07 0.27 0.78 0.95 1.62 

Every day 0.69 1.27 0.01 0.08 0.24 0.80 0.94 1.52 
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Fortunately, the percentage of children wanting a con-
sulting or dental examination and prophylactic applica-
tions for the last dental visit was approximately 43.5% 
to 49.2%, which increased visibly during the most recent 
decade4. However, enhancement of parental awareness 
of their children’s oral health and the importance of vis-
iting a dentist still requires more efforts to fulfil.

Some limitations need to be remembered when 
extrapolating the findings to further applications. 
Firstly, this was a cross-sectional study, which could 
not represent casual relationships between dental caries 
and the related factors. Secondly, only methods of sin-
gle factor analyses were applied, which could not avoid 
the mutual effects between different variables. Multiple 
factor analyses were needed for further exploration.

Nevertheless, this study could provide some helpful 
suggestions for policy makers. People’s awareness of 
maintaining oral and dental health still has a long way 
to go in China, since a large proportion of dental car-
ies remained untreated in young people, and a number 

of students had no history of dental attendance at all. 
It is recommended that health authorities strengthen 
people’s perception of the significance of regular pro-
fessional dental care and adopting appropriate self-care 
measures. Oral and dental health education and promo-
tion should be more comprehensively integrated into 
school courses for these adolescents. Under the ambi-
tious goal of “Healthy China 2030”, oral and dental 
health should be a greater priority for the wellbeing of 
these school children, who by that date will become the 
pillar of the state.

Conclusions

Dental caries in teenage Chinese adolescents was 
impacted by certain social demographic and dental 
behavioural factors, which could provide some implica-
tions for policy makers and dental public health profes-
sionals when attempting to enhance oral health status for 
those teenagers in the early stage of permanent dentition.

Variables
DT MT FT DMFT

Mean SD P value Mean SD P value Mean SD P value Mean SD P value

Sugar consumption habits

Low frequency 0.60 1.18  < 0.001 0.00 0.08 0.051 0.12 0.62  < 0.001 0.72 1.34  < 0.001

Relative low frequency 0.69 1.30 0.00 0.07 0.13 0.61 0.83 1.46 

Middle frequency 0.77 1.40 0.00 0.07 0.15 0.59 0.93 1.53 

High frequency 0.90 1.52 0.01 0.07 0.17 0.72 1.07 1.71 

Dental service utilisation

Time from the last dental visit 

Less than 6 months 0.80 1.47  < 0.001 0.01 0.11  < 0.001 0.46 1.17  < 0.001 1.27 1.87  < 0.001

6 to 12 months 0.83 1.38 0.00 0.08 0.26 0.79 1.09 1.64 

More than 12 months 0.74 1.34 0.00 0.08 0.14 0.55 0.89 1.48 

Never 0.64 1.26 0.00 0.05 0.01 0.18 0.66 1.27 

Purpose of the last dental visit

Consulting and  
dental examination

0.67 1.23  < 0.001 0.00 0.09  < 0.001 0.19 0.72  < 0.001 0.87 1.44  < 0.001

Prophylactic  reasons 0.65 1.33 0.00 0.05 0.20 0.73 0.86 1.56 

Treatment 0.95 1.53 0.01 0.12 0.57 1.25 1.53 1.96 

Pit-and-fissure sealant history

Yes 0.40 0.88  < 0.001 0.01 0.08 0.573 0.37 0.98  < 0.001 0.77 1.35  < 0.001

No 0.74 1.35 0.00 0.07 0.12 0.58 0.86 1.49 

t test or Mann-Whiney test for two-categorised variables, one-way analysis of variance or Kruskal-Wallis H test were used for analysis of these factors with three or 
more categories. 
Abbreviations: decayed teeth (DT), filled teeth (FT), missing teeth (MT) and that of decayed, missing and filled teeth (DMFT), standard deviation (SD)
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Table 5  Univariate variable analysis of related factors with DT, MT, FT and DMFT in 15-year-olds.

Variables DT MT FT DMFT

Mean SD P value Mean SD P value Mean SD P value Mean SD P value

Total 0.97 1.72 0.01 0.10 0.22 0.88 1.20 1.99 

Social demographics

Area

Urban 0.90 1.64  < 0.001 0.01 0.09 0.182 0.25 0.98  < 0.001 1.16 1.98 0.001

Rural 1.04 1.80 0.01 0.11 0.18 0.77 1.23 2.01 

Gender

Male 0.82 1.58  < 0.001 0.01 0.09 0.002 0.15 0.68  < 0.001 0.98 1.76  < 0.001

Female 1.12 1.85 0.01 0.11 0.28 1.05 1.42 2.18 

Ethnicity

Han 0.90 1.64  < 0.001 0.01 0.10  < 0.001 0.23 0.92  < 0.001 1.14 1.95  < 0.001

Zhuang 1.50 2.16 0.02 0.16 0.09 0.51 1.61 2.24 

Hui 0.76 1.34 0.00 0.06 0.09 0.53 0.85 1.47 

Manchu 1.10 1.81 0.01 0.09 0.41 1.05 1.52 2.24 

Uygur 1.90 2.39 0.01 0.08 0.08 0.41 1.98 2.44 

others 1.70 2.33 0.02 0.17 0.09 0.50 1.81 2.39 

Number of children in the family

One child 0.83 1.60  < 0.001 0.01 0.10 0.229 0.33 1.10  < 0.001 1.16 2.00 0.029

More than one child 1.06 1.79 0.01 0.10 0.15 0.71 1.22 1.99 

Father’s education level

Low level 1.17 1.93  < 0.001 0.01 0.12  < 0.001 0.11 0.62  < 0.001 1.29 2.06  < 0.001

Middle level 0.96 1.70 0.01 0.09 0.20 0.85 1.17 1.97 

High level 0.69 1.38 0.01 0.08 0.42 1.20 1.12 1.89 

Mother’s education level

Low level 1.11 1.86  < 0.001 0.01 0.12 0.004 0.10 0.61  < 0.001 1.23 2.01 0.009 

Middle level 0.94 1.67 0.01 0.10 0.24 0.92 1.19 1.98 

High level 0.67 1.41 0.00 0.07 0.44 1.22 1.12 1.92 

Oral hygiene habits

Frequency of toothbrushing

More than twice a day 0.92 1.68  < 0.001 0.01 0.11 0.075 0.38 1.22  < 0.001 1.31 2.15  < 0.001

Once a day 1.00 1.74 0.01 0.10 0.14 0.65 1.15 1.91 

Less than once a day 0.98 1.83 0.00 0.03 0.12 0.56 1.10 1.97 

Seldom or never 0.98 1.76 0.01 0.11 0.09 0.51 1.07 1.87 

Toothpaste use 

Yes 0.97 1.71 0.108 0.01 0.10 0.771 0.22 0.90 0.655 1.20 2.00 0.167 

No 1.39 2.41 0.01 0.11 0.18 0.92 1.58 2.55 
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Periodontal disease is one of the most prevalent oral 
health problems worldwide1, and is related not 

only to poor oral hygiene, but also to several system-
atic chronic diseases, such as diabetes mellitus. In the 
recent Global Burden of Disease Study, severe peri-
odontitis was listed as the 6th most prevalent disease in 
the world, affecting about 743 million people, with an 
overall prevalence of 11.2%. In the past two decades, the 
global burden of periodontal disease has grown rapidly 
by 57.3%1-3. 

An accumulation of dental biofilm is the main 
cause of periodontal disease, and a balance between 
virulence of biofilm bacteria and immune response of 
host determines the severity of periodontal disease. 
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Periodontal Status of Chinese Adolescents:  
Findings from the 4th National Oral Health Survey
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Objective: To investigate the periodontal health status and associated factors of adolescents 
aged 12 to 15 years old in China. 
Methods: A cross-sectional national oral health survey was conducted in 2015-2016. The 
multi-stage stratified cluster sampling was used to select participants in all 31 provinces, 
autonomous regions and municipalities in the mainland of China. Each participant received a 
clinical assessment including periodontal bleeding and calculus, and 15-year-old adolescents 
received additional examinations including for periodontal pocket depth and attachment loss, 
using the latest criteria from the Oral Health Survey Basic Methods, as recommended by the 
World Health Organization (WHO). A self-answered structured questionnaire was designed 
to collect the data of background information and associated risk factors.
Results: A total of 118,514 adolescents (14.0 ± 1.09 years old) completed all the oral examina-
tions and the questionnaire. The prevalence of periodontal bleeding and calculus was 61.0% 
and 67.3% respectively. In the group of 15 year olds, 6.5% adolescents had periodontal pocket 
and 0.5% had attachment loss. Molars were often involved and, furthermore, calculus also 
occurred on lower incisors. The periodontal status of adolescents became worse as they grew 
up. The condition of girls was significantly better than boys.
Conclusion: This survey illustrated a brief picture of periodontal status of adolescents in China 
showing that gingival bleeding and calculus were very common and frequent. Further actions 
on oral health education were necessary, especially for those in lower socio-economic classes.
Key words: adolescent, calculus, gingival bleeding, periodontal, the 4th National Oral Health 
Survey 
Chin J Dent Res 2018;21(3):195–203; doi: 10.3290/j.cjdr.a41075
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Periodontal disease is a chronic inflammatory process 
of periodontal tissue that roughly divides into gingivitis 
and periodontitis. Gingivitis is a common oral disease 
in individuals of all age groups, including children and 
adolescents4,5. Despite relating to poor oral hygiene, 
age, smoking habits and other risk factors are also 
related to periodontal disease3,6-8.

The national oral health survey is the most impor-
tant epidemiological population-based oral health sur-
vey in China, and has been repeated every 10 years 
since 19859,10. This cross-sectional survey covers all 
provinces, municipalities and autonomous regions in 
mainland China, reporting on oral health information. 
The latest national oral health survey was held in 2005, 
while it was found that gingival bleeding and calculus 
occurred in more than half of 12-year-old children in 
China (57.7% and 59.1%). There were significantly 
differences among individuals in different regions and 
areas10.

In the past three national oral health surveys, 12-year-
old children were selected as the representative group 
for adolescents in order to assess periodontal status and 
dental caries status.

According to the newest methods and criteria rec-
ommended by the WHO, 15 years old is a standard 
age group to evaluate the periodontal status of ado-
lescents11. Therefore, a 15-year-olds group was added 
into the 2015 survey to obtain relevant information. 
Moreover, the gingival bleeding and calculus status of 
12- to 15-year-old children were also included at this 
time. 

The objectives of this survey were: 
•	 To investigate the periodontal status and associated 

factors of 12- to 15-year-old children and surveillance 
of the trend of periodontal diseases;

•	 To investigate the oral health attitude, knowledge and 
behaviour and utilisation of oral health service, to 
assess the nation’s oral health needs;

•	 To provide information and evidence to form a public 
oral health policy. 

Materials and methods

To investigate the periodontal status of 12- to 15-year-
old adolescents in China, the 4th National Oral Health 
Survey was conducted in 2015-2016. This study was 
approved by the Stomatological Ethics Committee of 
Chinese Stomatological Association (Approval no. 
2014-003)

Study design

The sampling design was based on the data of the 2010 
population census published by the National Bureau of 
Statistics of the People’s Republic of China. A multi-
stage cluster sampling was used to select participants 
in 31 provinces, autonomous regions and municipali-
ties in mainland China. The probability-proportional-
to-size (PPS) with a varied population-sized method 
was used to choose several cities and countries. Three 
middle schools in each area were then also randomly 
selected using the same method. Finally, the quota sam-
pling method was applied to choose participants to be 
examined. 

Clinical examination

Each participant received a clinical assessment with 
examination criteria that followed the latest WHO rec-
ommendations (2013). This periodontal examination 
included periodontal bleeding, calculus, periodontal 
pocket depth and attachment loss, with the latter two 
applied only for the 15-year-olds. Three trained regis-
tered dental practitioners conducted examinations in 
each province, municipality, and autonomous region 
with three trained assistants as recorders. One on-site 
coordinator was respondent for quality control. 

Questionnaire survey

A self-answered structured questionnaire was designed 
to collect the data relating to subjects’ demographic 
information, oral health attitude, knowledge and behav-
iour and smoking habits. Teachers and researchers co-
organised and illustrated the content of the questionnaire 
before students completed all questions independently in 
the classroom. Every student’s questionnaire was fully 
inspected before he/she left the survey room to avoid 
mistakes being made and missing data.

Quality control

Before the fieldwork, all examiners received theoreti-
cal and clinical examination training by the standard 
examiner group. Examiners with kappa values higher 
than 0.6 qualified. In this study, 5% of subjects were ran-
domly selected for duplication to compare the results of 
two examiners. The inter-examiner reliability of perio-
dontal pocket depth was more than 0.6. All clinical items 
except full-mouth gingival bleeding were reviewed. Fur-
thermore, the members of the standard examiner group 
randomly reviewed 10 subjects from each examiner and 
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the kappa values of periodontal depths for each exam-
iner were more than 0.6. The same type of equipment 
was used at each location – including a mobile dental 
chair, light and CPI probe – to ensure the consistency of 
external conditions.

Results

In total, 118,514 adolescents (14.0 ± 1.09 years old) 
completed the oral examination and questionnaire. The 
demographic characteristics of the study population 
are presented in Table 1. The distribution of male and 
female subjects was balanced in most groups; however, 
there were more boys in the families with only one child 
and more girls in the families of ethnic minority. 

Figures 1 and 2 describe the periodontal health 
conditions according to different teeth. The histogram 
shows the prevalence of gingival bleeding and calculus 

in all age groups in Figure 1, and the line chart displays 
the teeth numbers with a periodontal pocket depth of 
over 3 mm, and with attachment loss in the 15-year-old 
group in Figure 2. Unsurprisingly, most of the calculus 
was found in the first molars and mandibular incisors, 
especially in the mandibular central incisors, and nearly 
half of the teeth were involved. Gingival bleeding was 
mostly found in all four first molars and the difference 
between maxillary and mandibular molars was not 
great. Periodontal pockets and attachment loss were 
concentrated in the mandibular second molar and max-
illary first molar. 

The periodontal status of Chinese adolescents is 
shown in Table 2. Gingival bleeding and calculus were 
used to evaluate the periodontal status of adolescents. In 
total, the prevalence of gingival bleeding and calculus 
was 61.0% and 67.3% respectively, and the mean teeth 
numbers found with gingival bleeding and  calculus 

Table 1  Demographic characteristics of 12- to 15-year-old Chinese adolescents. 

Male Female

Total % N % N % P value

Total 118,514 100 59,218 50.0 59,296 50.0 0.765

Age group 0.765

 12 27,813 23.5 13,835 49.7 13,978 50.3

 13 30,923 26.1 15,497 50.1 15,426 49.9

 14 30,688 25.9 15,376 50.1 15,312 49.9

 15 29,090 24.5 14,510 49.9 14,580 50.1

Area 0.883

 Urban 60,255 50.8 30,095 49.9 30,160 50.1

 Rural 58,259 49.2 29,123 50.0 29,136 50.0

Region 0.763

 East 41,860 35.3 20,871 49.9 20,989 50.1

 Middle 30,476 39.0 15,279 50.1 23,110 49.9

 West 46,178 25.7 23,068 50.0 15,197 50

Only child < 0.001

 Yes 43,476 36.7 24,655 56.7 18,821 43.3

 No 75,029 63.3 34,561 46.1 40,468 53.9
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Fig 1  Periodontal status among Chinese adolescents, presented by tooth position.

Fig 2  The tooth numbers with peri-
odontal pocket (depth over 3  mm) and 
attachment loss among Chinese ado-
lescents, presented by tooth position.

were 4.94 and 4.90 respectively. In total, 29,090  
15-year-olds were also examined for periodontal pocket 
and attachment loss. The prevalence and mean teeth 
number of periodontal pocket were 6.5% and 0.19, 
while for attachment loss it was 0.5% and 0.01. 

With a rise in age the periodontal status of subjects 
worsened, with girls performing better than boys in 
every age group (P < 0.001). The prevalence of gingi-
val bleeding among adolescents aged 12, 13, 14 and 15 
years significantly increased from 58.4%, to 60.1%, to 
60.8% and 64.7% by the age of 15. The corresponding 
mean teeth numbers were 4.31, 4.66, 5.01 and 5.78 
(P < 0.001). This increasing trend was more obvious 

in the calculus rate of different age groups presented 
by gender (Figs 3 and 4). The proportion of girls with 
calculus in the 12- to 15- year-old group increased from 
58.5%, to 61.7%, to 66.7% to 71.9%, while for boys 
rose from 64.1%, to 67.8%, to 72.0%, up to 75.3% as 
the age increased.

Adolescents living in urban areas had a significantly 
higher prevalence of gingival bleeding and calculus 
compared with those living in rural areas (P < 0.001). 
Compared with adolescents who were an only child in 
their families, the periodontal status of those children 
who were from families with more than one child was 
worse. Parents’ education levels were also associated 
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Table 2  Periodontal status of 12- to 15-year-old Chinese adolescents

N

Gingival bleeding Calculus Periodontal pocket Attachment loss

%
Teeth number
(mean ± SD)

%
Teeth number
(mean ± SD)

%
Teeth number
(mean ± SD)

‰
Teeth number
(mean ± SD)

Total 118,514 61.0 4.94 ± 6.50 67.3 4.90 ± 5.82

Age

 12 27,813 58.4** 4.31 ± 5.92** 61.3** 3.79 ± 4.88

 13 30,923 60.1 4.66 ± 6.25 64.7 4.31 ± 5.29

 14 30,688 60.8 5.01 ± 6.60 69.4 5.21 ± 5.98

 15 29,090 64.7 5.78 ± 7.10 73.6 6.27 ± 6.64 6.5 0.19 ± 1.06 5.0 0.01 ± 0.08

Gender

 Male 59,218 62.4** 5.13 ± 6.64** 69.9** 5.22 ± 5.95** 6.7 0.2 ± 1.07 5.2 0.01 ± 0.22

 Female 59,296 59.7 4.75 ± 6.36 64.8 4.58 ± 5.66 6.4 0.19 ± 1.05 4.9 0.02 ± 0.45

Area

 Urban 60,255 61.7** 5.03 ± 6.52** 66.9* 4.91 ± 5.92 6.4 0.19 ± 1.04 4.8 0.01 ± 0.29

 Rural 58,259 60.3 4.85 ± 6.48 67.8 4.89 ± 5.71 6.7 0.20 ± 1.08 5.3 0.02 ± 0.42

Only child

 Yes 43,476 56.5** 4.44 ± 6.26** 61.8** 4.38 ± 5.72** 5.6** 0.18 ± 1.05* 4.1 0.01 ± 0.35

 No 75,029 63.6 5.23 ± 6.62 70.5 5.21 ± 5.85 7.1 0.20 ± 1.06 5.7 0.02 ± 0.36

Father’s education level

  Middle school or below 21,904 65.2** 5.38 ± 6.66** 73.7** 5.70 ± 6.05** 7.6** 6.33 ± 7.23** 9.5** 7.08 ± 6.70**

  High school 65,506 61.7 5.05 ± 6.56 67.8 4.93 ± 5.78 6.7 5.86 ± 7.12 4.0 6.24 ± 6.57

  University or above 16,639 55.5 4.31 ± 6.18 60.1 4.11 ± 5.59 4.7 5.08 ± 7.12 3.4 5.42 ± 6.65

Mother’s education level

  Middle school or below 31,965 65.1** 5.38 ± 6.65** 73.4** 5.66 ± 6.01** 8.1** 6.28 ± 7.24** 8.4** 6.96 ± 6.67**

  High school 56,193 60.9 4.99 ± 6.55 66.8 4.80 ± 5.74 6.0 5.77 ± 7.02 3.8 6.15 ± 6.55

  University or above 15,781 55.4 4.27 ± 6.14 59.2 4.04 ± 5.56 4.2 4.88 ± 6.77 2.4 5.20 ± 6.58

Toothbrushing

 Yes 107,941 60.1** 4.80 ± 6.40** 66.4** 4.77 ± 5.74** 6.4** 5.62 ± 6.98** 0.5* 6.14 ± 6.56**

 No 10,566 70.3 6.43 ± 7.36 76.6 6.23 ± 6.42 8.7 8.21 ± 8.31 0.9 8.29 ± 7.54

Dental floss

 Yes 11,485 56.4** 4.45 ± 6.26** 58.9** 3.91 ± 5.40** 4.3** 5.29 ± 6.94** 0.5 5.08 ± 6.43**

 No 107,006 61.5 4.99 ± 6.53 68.2 5.01 ± 5.85 6.7 5.83 ± 7.11 0.5 6.39 ± 6.65
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with adolescents’ periodontal condition. Adolescents 
whose parents had received a higher education had 
better periodontal health condition than those whose 
parents had only been educated to middle school level 
or below. 

Adolescents with better oral health behaviour (brush-
ing teeth and using dental floss every day) had a lower 
prevalence of gingival bleeding and calculus, and less 
periodontal pocket and attachment loss for the 15-year-
old group.

The oral health knowledge score of adolescents 
without gingival bleeding and calculus was higher than 
those with gingival bleeding and calculus (P < 0.001). 
And the adolescents whose periodontal status was 
better had a better positive attitude on oral health 
(P < 0.001). 

Data in the questionnaire relating to oral health 
behaviour and parental education levels is presented 
in Table 3. It was found that more girls brushed their 
teeth every day, however more boys used dental floss. 

N

Gingival bleeding Calculus Periodontal pocket Attachment loss

%
Teeth number
(mean ± SD)

%
Teeth number
(mean ± SD)

%
Teeth number
(mean ± SD)

‰
Teeth number
(mean ± SD)

Smoking

 Yes 8,077 60.7** 5.28 ± 6.62** 66.7** 4.83 ± 5.79** 7.0 5.77 ± 6.95 0.7 6.88 ± 6.59**

 No 110,429 65.0 4.92 ± 6.45 76.1 5.94 ± 6.06 6.5 5.78 ± 7.11 0.5 6.21 ± 6.65

* Difference among groups: P < 0.05; ** difference among groups: P < 0.001

Fig 3  Prevalence of gingival bleeding 
among Chinese adolescents by gender and 
age. Difference among 12-to 15-year-old 
groups in all four groups: P < 0.001.

Fig 4  Prevalence of calculus among Chi-
nese adolescents, by gender and age. Dif-
ference among 12- to 15-year-olds in all four 
groups: P < 0.001.
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Table 3  The difference of oral health behaviour by age, gender and location. 

N
Brush teeth (%) Dental floss (%) Smoking (%) Dental visit (%)

Yes No Yes No Yes No Yes           No

Total 118,514 91.1 8.9 9.7 90.3 6.8 93.2 49.4 50.6

Age

 12 27,813 88.1** 11.9 9.6** 90.4 4.1** 95.9 53.1** 46.9

 13 30,923 90.0 10.0 10.3 89.7 5.9 94.1 51.3 48.7

 14 30,688 92.1 7.9 9.7 90.3 7.9 92.1 47.7 52.3

 15 29,090 94.0 6.0 9.1 90.9 9.3 90.7 45.6 54.4

Gender

 Male 59,218 86.6** 13.4 10.5** 89.5 12.1** 87.9 49.1 50.9

 Female 59,296 95.6 4.4 8.9 91.1 1.5 98.5 49.7 50.3

Area

 Urban 60,255 92.0** 8.0 11.7** 88.3 5.9** 94.1 53.8** 46.2

 Rural 58,259 90.1 9.9 7.6 92.4 7.8 92.2 44.9 55.1

** Difference among groups: P < 0.001

Adolescents in urban areas and the east region had 
healthier oral health behaviour and a higher proportion 
had well-educated parents.

Discussion 

This study is part of the 4th National Oral Health Survey 
in China and illustrated the periodontal status of 12 to 
15 years old Chinese adolescents. The prevalence of 
gingival bleeding and calculus in adolescents aged 12 to 
15 years old was relatively high. More than 60% of ado-
lescents did not have a satisfied periodontal condition 
and their periodontal health became worse when they 
grew up. Adolescents living in rural areas of eastern 
China had better periodontal health than those living in 
urban areas of the western region – except for the group 
of 15 year olds. The periodontal health condition of ado-
lescents from higher-educated families was better than 
those from less-educated families.

It was found that the periodontal health of 12-year-
old children was no better than the results from 10 years 
ago. The prevalence of gingival bleeding had increased 
from 59.1% to 61.3%, and calculus had risen from 
57.7% to 58.3%10. The periodontal status of both boys 
and girls had became worse, especially in boys (gingi-

val bleeding: 60.6% in 2005 vs 64.1% in 2015, calculus: 
57.9% in 2005 vs 59.4% in 2015). Calculus is calcified 
biofilm and its association with the initiation and pro-
gression of periodontal disease has been clearly demon-
strated12. It is regarded as an outcome of poor daily oral 
hygiene maintenance and also plays an important role 
in the development of periodontal disease. This high 
prevalence of gingival bleeding and calculus indicated 
the need for improvements in oral hygiene instruction 
and more routine periodontal examinations and scaling.

Compared with the result from surveys in other coun-
tries, the prevalence of gingival bleeding and calculus 
was considerably high. According to the latest data from 
the WHO Oral Health Country/Area Profile Programme 
(CAPP), in Japan the prevalence of gingival bleeding 
and calculus in subjects aged 15 to 19 years old was 
30.6% and 26.5%13, much lower than the results in 
this survey. An epidemiological study in Jordan found 
22.9% and 31.7% of 12 year olds had periodontal bleed-
ing and calculus14. In Namibia, 44.1% of adolescents 
aged 15 had calculus15. Botero et al extracted data 
from various studies from Latin American countries; it 
was found that 34.7% of children and adolescents were 
affected by gingivitis5. Although the study age groups 
were not exactly same, the wide difference revealed a 
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lack of awareness of prevention on periodontal disease 
for adolescents in China and more oral health instruc-
tion and motivation is quite urgent.

As a chronic oral disease, effective preventive 
measurement requires long-term focus on personal 
oral health care. A comprehensive system involved the 
cooperation of policy makers, oral health professionals 
and general populations16. The WHO asked for prior-
ity action for the improvement of oral health in youth 
through Health Promotion Schools worldwide17.

Adolescence is a transitional and crucial stage from 
mixed dentition to permanent dentition, which will 
determine the foundation of oral health status in adult-
hood. Specific actions to strengthen awareness and 
change the behaviours of oral health should be taken 
into consideration as part of future public oral health 
education. In the latest long-term plan for chronic dis-
eases prevention and treatment in China (2017–2035)18, 
it was noted that oral health education for adolescents 
in schools should be enhanced. 

The proportion of adolescents with gingival bleeding 
or calculus in older age groups was much higher than 
that in the younger age groups, which was in accord-
ance with results found in other studies. In Mexican, 
the rate of adolescents with healthy gums fell from 
83.3% in the 10 to 14 years age bracket, to 64.1% in the 
15 to 19 group5. This trend is more obvious in adults; 
the prevalence and severity of periodontal disease 
becomes higher as subjects age19,20. Periodontal disease 
is a chronic and progressive disease, thus prevention 
should start from the beginning of the permanent denti-
tion. 

The periodontal status of adolescents was greatly 
associated with gender. This significant difference 
between genders was also observed in other sur-
veys20-22, due to girls having a higher awareness and 
better knowledge of oral health23,24. In this study, girls’ 
better toothbrushing habits might explain the difference 
between genders. Although the proportion of boys using 
dental floss was higher than girls, the total number of 
subjects using dental floss was only small. 

The periodontal status of adolescents living in urban 
areas was worse than those who living in rural areas, 
although those young people in urban areas had better 
oral health habits and their parents’ level of education 
was higher. 

Family socioeconomic status (SES) was an important 
factor in predicting children’s periodontal conditions. 
Children from lower SES families had a worse gingival 
bleeding status25. In this survey, parents’ educational 
levels in the questionnaire were collected to imply the 
family’s SES. Adolescents whose parents had attended 
university were less likely to have gingival bleeding, 
compared with those whose parents received only a 
middle and high school education. In the Brazilian 
survey it was agreed that children whose father had 
less education experienced a higher level of gingival 
bleeding26. This socioeconomic disadvantage in child-
hood significantly related to a higher prevalence of peri-
odontitis in adulthood27. Therefore, more oral health 
education programmes would be concentrated on those 
adolescents from lower SES families, to benefit them 
from childhood and throughout their adult lives. 

Conclusions

The periodontal status of Chinese adolescents was unsat-
isfactory. The high prevalence of periodontal bleeding 
and calculus requires further action on oral health educa-
tion for teenagers, especially for adolescents from lower 
SES families. To reduce the future periodontal burden, 
professionals should collaborate with schools to carry 
out effective oral health promotion.
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The Prevalence and Associated Risk Indicators  
of Dental Fluorosis in China:  
Findings from the 4th National Oral Health Survey
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Bao Jun TAI4, De Yu HU5, Bo WANG2, Chun Xiao WANG6, Shu Guo ZHENG7, Xue Nan LIU7, 
Wen Sheng RONG7, Wei Jian WANG7, Yan SI7, Huan Cai LIN1

Objective: To explore the prevalence and associated risk indicators of dental fluorosis in the 
mainland of China. 
Methods: Data for this study was obtained from the 4th National Oral Health Survey in 
China, conducted from 2015 to 2016. The sample population was 12-year-old school students. 
Study participants were selected using a multi-stage, stratified random sample selection pro-
cedure using a sampling frame compiled from geographical distribution of China. The level 
of dental fluorosis was determined using the Dean index recommended by the World Health 
Organization (WHO). A structured questionnaire was distributed to all the subjects in schools. 
Participants completed a questionnaire with assistance from staff. A bivariate analysis was 
performed using the chi-square test. Logistic regression was performed to evaluate the asso-
ciation between dental fluorosis and the independent variables. 
Results: A total of 27,495 students were evaluated, of which 13,650 (49.6%) were male. 
Overall, dental fluorosis was found in 13.4% of participants; 6.3% had very mild fluorosis, 
4.3% had mild fluorosis, 2.3% had moderate fluorosis, and 0.5% had severe fluorosis. The 
community fluorosis index was 0.28. In the final logistic regression model students from rural 
areas (RR:1.582, 95%CI 1.473-1.700), students whose fathers had low education (RR:1.429, 
95%CI 1.230-1.661 & 1.184, 95%CI 1.026-1.365), and those students with sibling (RR:1.537, 
95%CI 1.414-1.671) were more significantly associated with dental fluorosis.
Conclusion: As a whole, China has a low dental fluorosis prevalence. Rural areas were the key 
places for the prevention of dental fluorosis. More prevention measures should be conducted 
on the children whose fathers were of lower education and who were not an only child.
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Fluoride is a natural chemical substance existing in 
nature. It has been commonly used to prevent and 

manage dental caries, and is widely accepted as a major 
factor in the dramatic decline of the disease1. However, 
fluoride is a double-edged sword on oral health. The 
impact of a long-term high intake of fluoride can have 
adverse effects on teeth and cause dental fluorosis2.

Dental fluorosis occurs due to the hypomineralisa-
tion of dental enamel caused by the ingestion of exces-
sive fluoride during enamel formation3. Severity of 
dental fluorosis depends on the fluoride dose and the 
timing and duration of fluoride exposure4. Mild dental 
fluorosis is characterised by an opaque area scattered 
on the teeth without tooth structure being destroyed. 
More severe dental fluorosis causes the tooth to lose its 
normal morphology and is a worse public dental health 
burden2. 

Over the past few decades, the wide availability of 
fluoride in many forms has exposed people to higher 
fluoride doses than strictly needed for preventive 
purposes. The increased exposure to fluoride has con-
tributed increasingly to dental fluorosis5,6. The early 
maturation stage of enamel development in permanent 
teeth is a critical stage of susceptibility for dental fluor-
osis2. The associated factors with dental fluorosis were 
unclear. Fluoride in drinking water is a well-recognised 
risk factor of dental fluorosis7. Non-fluoride factors had 
an effect on the risk of dental fluorosis8.

An increasing prevalence of dental fluorosis is 
reported worldwide. Estimated fluorosis prevalence 
ranges between 30% and 80% in fluoridated and 10% 
to 40% in non-fluoridated areas of the US9. A recent 
study from India reported 64.3% of adolescents were 
detected with dental fluorosis10. China is a vast, multi-
ethnic country with a diverse geographical environ-
ment. Prevalence of dental fluorosis is variable across 
the country. There is no clear prevalence, severity and 
associated factors of dental fluorosis in China.

Therefore, the objective of this study was to explore 
the prevalence of dental fluorosis in 12-year-old chil-
dren and the associated factors of dental fluorosis in 
China at a national level.

Materials and methods

Study sample

Data for this study were obtained from the 4th National 
Oral Health Survey of China, conducted from 2015 to 
2016. The sample population was school pupils aged 

12 years old. Sampling covered all 31 provinces, auton-
omous regions and municipalities of the mainland of  
China. The sample size was calculated according to the 
prevalence of dental caries in 12-year-old children in 
the 3rd National Oral Health Survey in China in 2005, 
which was reported to be 28.9%. Admissible error of 
prevalence was set at 15%. 

Study participants were selected using a multi-stage, 
stratified random sample selection procedure with a 
sampling frame compiled from the geographical dis-
tribution of China. Firstly, two city districts and two 
counties were randomly selected from each province. 
Secondly, three schools were randomly selected from 
each district and county. Thirdly, 80 12-year-old stu-
dents were selected from each school at random. If the 
student number in the selected school was insufficient, 
the remaining students were selected from the nearest 
schools. Informed written consent from each student 
was obtained. The study was approved by the ethi-
cal committee of Chinese Stomatological Association 
(Approval no. 2014-003). 

Clinical examination

The clinical examination was performed by 31 trained 
groups accordingly in 31 provinces, autonomous regions 
and municipalities in the mainland of China. Each trained 
group had three examiners. All the examiners received 
pilot group training before formal clinical examination. 
Duplicated examinations were conducted for 10% of the 
study subjects to monitor the reliability of the diagnoses 
and the data were used for the calculation of inter-exam-
iner agreement. The average of Kappa values was 0.81.

Dental fluorosis was recorded by the Dean’s index, 
which is recommended by the WHO11. The Dean index 
was recorded as: 0 (normal), 0.5 (questionable), 1 (very 
mild), 2 (mild), 3 (moderate), and 4 (severe). This 
assessment is based on visual examination. Clinical 
examinations were carried out using a flat dental mirror 
in daylight. Teeth were not dried prior to the adminis-
tration of the index. The labial/buccal surfaces of all 
erupted permanent teeth were assessed. 

The two teeth with the worst dental fluorosis score 
were recorded for the person-level score. If the scores 
of the two teeth were the same, the score was recorded 
as the person’s Dean’s index. If the scores of the two 
teeth were different, the score of the less affected 
tooth of the two was recorded as the person’s Dean’s 
index12.
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Questionnaire examination

A structured questionnaire was distributed to all the sub-
jects in schools. Participants completed an on-the-spot 
questionnaire with assistance from staff. The question-
naire mainly collected information on the child’s social, 
demographic, and behavioural status using a series of 
close-ended questions. The staff reviewed the question-
naire when it was handed in and asked students to fill in 
answers if there were any missing.

Statistical analysis

Data processing and statistical analysis was performed 
using the SPSS 21.0. The dependent variable was den-
tal fluorosis. Thus, those children who has not dental 
fluorosis record were excluded from this analysis. To 
verify associations between fluorosis prevalence and 
the researched variables, a chi-square statistical test or 
Fisher’s exact test and P < 0.05 was set as statistical sig-
nificance. Logistic regression was performed to evaluate 
the association between dental fluorosis and the inde-
pendent variables.

Results

A total of 27,495 students were enrolled to evaluate 
dental fluorosis excluding missing data and unrecorded 
data. The response rate was 98.8%. Overall, dental fluor-
osis was found in 13.4% of participants, of which, 6.3% 
had very mild fluorosis, 4.3% had mild fluorosis, 2.3% 
had moderate fluorosis, and 0.5% had severe fluorosis 
(Fig 1). The national percentage of moderate/severe 
fluorosis was 2.8%. The national community fluorosis 
index (CFI) value was 0.28. 

Results showed different prevalence among prov-
inces in China. The range of dental fluorosis prevalence 
was from 0 to 51.6%. Guizhou Province and Tianjing 
city had 51.6% and 45.1% dental fluorosis prevalence 
respectively – the top two most seriously affected areas 
in China. Seven provinces had dental fluorosis preva-
lence above 20%. Most of the provinces were lower 
than the national dental fluorosis prevalence level. 
Thirteen provinces had fluorosis prevalence below 5% 
(Table 1). 

Table 2 shows the results of the subjects’ socio-
demographic background factors with dental fluorosis. 
The most serious prevalence in China was 16.5% in 
rural areas, while the least was 9.1% from student’s 
fathers education > 12 years. This was the same with 
the distribution of the CFI value. There was no differ-
ence in dental fluorosis prevalence according to gender. 

Prevalence of dental fluorosis in rural area was more 
serious than in urban areas. Students with mothers 
and fathers with a lower level of education recorded a 
higher prevalence of dental fluorosis. Only children had 
less dental fluorosis than those with siblings (Table 2). 

In the final logistic regression model, students who 
lived in rural areas (RR:1.582, 95% CI 1.473-1.700) 
were more associated with dental fluorosis. In addi-
tion, students whose fathers were of low education 
(RR:1.429, 95% CI 1.230-1.661 & 1.184, 95% CI 
1.026-1.365), and students with siblings (RR:1.537, 
95% CI 1.414-1.671) were significantly associated with 
dental fluorosis (Table 3).

Figure 2 gives a detailed description of the asso-
ciation between the Dean index and the dental caries 
index. Decayed, missing and filled teeth (DMFT)/
decayed teeth (DT) were used as dental caries indexes. 
The children with higher values of DMFT/DT had a 
higher Dean index. DMFT increased sharply from the 
3 to 4 category of the Dean index. A similar tendency 
was showed in DT with the Dean index.

Discussion

The present study was a national oral health survey in 
mainland China. China has conducted a national oral 
health survey every 10 years since 1982 and data from 
four surveys has been collected to date. This survey 
is the first national survey including all 31 provinces, 
autonomous regions and municipalities of mainland 
China, including all the index age groups recommended 
by the WHO. 

Fig 1  The distribution of dean index in 12-year-old students 
in the mainland of China.

b
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Table 1  The prevalence and severity of dental fluorosis in the mainland of China.

Variables
Fluorosis 

(%)§
N 

Fluorosis Severity (%)

CFI#
DI = 0
Sound

DI = 0.5
Questionable

DI = 1
Very mild

DI = 2
Mild

DI = 3
Moderate

DI = 4
Severe

Guizhou 51.6 857  33.5 14.9 27.3 17.2  6.3 0.8 0.91

Tianjin 45.1 941  37.8 17.1 14.3 18.5 10.7 1.5 0.98

Tibet 40.3 927  39.2 20.5 17.6 14.5  7.0 1.3 0.83

Shanxi 38.5 868  43.4 18.1 13.1 10.6  7.9 6.8 0.94

Jilin 29.9 889  62.1  8.0  6.6 10.9  9.3 3.0 0.73

Sichuan 27.1 923  60.0 12.9 20.5  5.5  0.8 0.3 0.42

Gansu 24.4 928  53.6 22.1  9.6 10.5  3.7 0.6 0.11

Ningxia 16.8 849  66.0 17.2  7.8  6.2  2.8 0.0 0.37

Henan 16.6 915  78.3  5.1  6.3  3.8  6.1 0.3 0.36

Heilongjiang 15.8 901  74.8  9.4  6.5  6.4  2.8 0.0 0.32

Hebei 15.7 893  73.2 11.1  8.6  4.1  2.5 0.4 0.32

Shandong 13.8 933  74.4 11.8 11.6  2.1  0.0 0.1 0.20

Shaanxi 13.8 849  79.9  6.4  6.4  4.0  3.2 0.2 0.28

Zhejiang 10.2 879  85.7  4.1  5.2  3.8  1.0 0.2 0.19

Xinjiang 10.1 982  83.8  6.1  6.9  2.5  0.6 0.0 0.17

Jiangsu  8.2 905  87.7  4.1  4.5  2.9  0.7 0.1 0.15

Qinghai  7.4 824  74.9 17.7  4.6  2.2  0.5 0.1 0.20

Shanghai  6.6 942  88.4  5.0  3.9  1.6  1.1 0.0 0.13

Guangdong  4.2 946  92.7  3.1  2.9  0.6  0.7 0.0 0.08

Liaoning  3.5 762  95.1  1.3  2.5  0.8  0.3 0.0 0.06

Beijing  2.1 958  97.6  0.3  1.0  0.5  0.1 0.4 0.04

Fujian  1.9 913  92.6  5.6  1.3  0.2  0.3 0.0 0.06

Anhui  1.8 965  95.8  2.5  1.1  0.6  0.0 0.0 0.04

Inner Mongolia  1.6 793  97.1  1.3  0.9  0.6  0.0 0.1 0.03

Hunan  1.3 905  97.0  1.7  0.8  0.4  0.1 0.0 0.03

Yunnan  1.0 814  97.1  2.0  0.5  0.2  0.2 0.0 0.03

Jiangxi  0.4 923  99.2  0.3  0.4  0.0  0.0 0.0 0.01

Chongqing  0.3 941  99.1  0.5  0.1  0.1  0.1 0.0 0.01

Guangxi  0.1 897  99.9  0.0  0.1  0.0  0.0 0.0 0.00

Hainan  0.0 600 100.0  0.0  0.0  0.0  0.0 0.0 0.00

Hubei  0.0 873 100.0  0.0  0.0  0.0  0.0 0.0 0.00

§ Having at least one tooth with Dean’s fluorosis score 1 or greater, # community fluorosis index
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Table 2  Bivariate analysis of associated factors with dental fluorosis in 12-year-old students in the mainland of China.

Variables
Fluorosis

(%)§
N 

Fluorosis Severity (%)

CFI#
DI = 0
Sound

DI = 0.5
Questionable

DI = 1
Very mild

DI = 2
Mild

DI = 3
Moderate

DI = 4
Severe

Gender P = 0.21

 Female 13.1 13,845 79.2  7.7 6.4 4.1 2.1 0.5 0.27 χ = 2.5

 Male 13.7 13,650 79.0  7.3 6.3 4.5 2.4 0.5 0.28

Area P < 0.01

 Urban 10.4 14,108 83.3  6.2 5.2 3.4 1.5 0.4 0.21 χ = 219.9

 Rural 16.5 13,387 74.6  8.8 7.5 5.3 3.1 0.7 0.35

Father’s education* P < 0.001

 > 12 years  9.1 3,999 84.7  6.2 4.6 3.1 1.2 0.3 0.18 χ = 123.5

 9-12 years 13.0 14,960 79.7  7.3 6.0 4.2 2.2 0.5 0.27

 ≤ 9 years 16.1  8,534 75.4  8.5 7.6 5.0 2.8 0.6 0.33

Mother’s education P < 0.001

 > 12 years  9.4  3,842 84.7  5.9 4.7 3.0 1.4 0.3 0.19 χ = 107.1

 9-12 years 12.7 13,079 80.3  7.0 6.0 4.1 2.1 0.6 0.26

 ≤ 9 years 15.7 10,675 73.3  9.8 8.0 5.4 2.9 0.5 0.32

Only child ** P < 0.001

 Yes  9.5  9,893 84.6  5.9 4.7 3.0 1.4 0.4 0.19 χ = 211.5

 No 15.6 17,598 76.0  8.4 7.2 5.0 2.7 0.6 0.24

§ Having at least one tooth with Dean’s fluorosis score 1 or greater, # community fluorosis index, * two samples missing, ** four samples missing

Table 3  Multivariate analysis of associated factors with dental fluorosis in 12-year-old students in the mainland of China.

Variables β
Standard 

error
Relative risk

95% confidence interval
P value

Lower limit Upper limit

Area

 Rural 0.459 0.037 1.582 1.473 1.700 P < 0.001

 Urban*

Father’s education

 ≤ 9 years 0.357 0.077 1.429 1.230 1.661 P < 0.001

 9-12 years 0.168 0.073 1.184 1.026 1.365 P = 0.021

 > 12 years*

Only child 

 No 0.430 0.043 1.537 1.414 1.671 P < 0.001

 Yes*

* Reference group
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The results showed that the prevalence and sever-
ity of dental fluorosis is low in China. Weiner et al13 
compared national data collected in 2001 to 2002 with 
data from 2011 to 2012 for adolescents in the US. The 
normal percent was 49.8% in 2001, while the percentage 
was 31.2% in 2011.They found an continued increase 
in fluorosis rates in the US. Verma et al reported that a  
high prevalence of fluorosis was shown in India, with 
more than 50% having either severe or moderate fluor-
osis10. According to a report by Molina-Frechero et al, 
Mexico City recorded 59% dental fluorosis14. Compared 
with the 3rd National Oral Health Survey in 2005, there 
was not too much change in the prevalence and severity 
of dental fluorosis15. The prevalence of dental fluorosis 
in China was stationary over the past 10 years. 

However, different parts of China showed variable 
dental fluorosis prevalence. Guizhou province had the 
most dental fluorosis, which was consistent with a pre-
vious study16. Dental fluorosis in Guizhou province is a 
coal-burning type of endemic fluorosis. Endemic fluor-
osis caused by coal burning is a special type of fluorosis 
in China. Pollution from coal burning is not the only 
cause of dental fluorosis, but there is also risk of skel-
etal fluorosis. The government needs to introduce more 
preventive measures to reduce the coal-burning fluor-
osis. Besides, nearly half of students in Tianjin city had 
dental fluorosis. A potential reason for this was fluoride 
pollution in drinking water, especially in rural areas of 
Tianjin city17. There was very little dental fluorosis 
found in Hainan and Hunan. This was probably due to 
the low prevalence and a limited sample size. 

Rural areas in China had more serious dental fluor-
osis than urban areas. Although the difference between 
rural and urban areas is less nowadays, fluoride pol-
lution is more serious in rural areas than in urban 
areas18. There are many ways in which fluoride can 

pollute rural area, including underground water, food, 
and air pollution. Dental fluorosis has a strong associ-
ation with the amount of fluoride content in drinking 
water7. Drinking water is the prime dietary source of 
fluorides. In China, the concentration of fluoride in tap 
water is set lower in urban areas. In rural areas, most 
areas will use underground water. The concentration 
of fluoride in underground water is variable and often 
above 1 part per million. Recently, the Chinese govern-
ment has implemented water defluoridation projects 
and improved drinking water quality19. But children 
s are at a high risk of non-carcinogenic hazards from 
exposure to drinking water with high fluoride levels18. 
Furthermore, people living in rural areas lacked knowl-
edge about the potential damage of fluorides. 

The present study found that parents’ socioeconomic 
status was associated with dental fluorosis. A higher 
socioeconomic status in adolescents meant a decreased 
risk of dental fluorosis, a fact consistent with a previous 
study20. The link between a better socioeconomic status 
and better health outcomes has been demonstrated in 
many reports21. Parents of low socioeconomic status 
were much more likely to lack health knowledge about 
the potential damage of fluorides and were more likely 
to live in rural areas where water is from springs or 
wells22. Those students who were ‘only’ children also 
showed a lower risk of dental fluorosis, largely due to 
receiving more attention from their parents. They would 
get more knowledge about the fluorides, which would 
keep them away from dental fluorosis. 

We also found dental caries was increased with the 
severity of dental fluorosis. The structure of the teeth 
suffering dental fluorosis was impaired and more sus-
ceptible to dental caries23. 

 In conclusion, China has a low prevalence of dental 
fluorosis as a whole. Rural areas were the key places 
for the prevention of dental fluorosis. More prevention 
measures should focus on the children whose fathers 
were of lower education and those in families with more 
than one child.
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Dental caries is an alarming public health problem 
worldwide, ranked among the 10 most prevalent 

chronic diseases globally1,2. According to a World 
Health Organization (WHO) report, oral disease is a 
determining factor for quality of life3. Its high morbid-
ity increases the financial burden on both families and 
communities4, let alone the impact on individuals in 
terms of pain and suffering, and reduced quality of life 
impairment of function1.

Epidemiological studies on elderly people are recom-
mended by the WHO as age is an important factor to 
describe and analyse the cumulative damage of caries 
in oral health over the years5. Some studies have found 
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Dental Caries in Chinese Elderly People:  
Findings from the 4th National Oral Health Survey
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Objective: To investigate the dental caries status and related factors in Chinese elderly peo-
ple, using data from the 4th National Oral Health Survey of China. 
Methods: In this cross-sectional study, a multistage, cluster strategy was used to recruit 
4,431participants (2,222 male and 2,209 female) aged 65 to 74 years from all 31 provinces, 
autonomous regions and municipalities of the mainland of China. The survey was performed 
according to the diagnostic standard proposed by the World Health Organization (WHO). 
Socio-demographic information was collected with a closed questionnaire.
Results: The caries prevalence in 65 to 74-year-olds was rather high; the report shows it 
was 98.0% (DMFT ≥ 1) among elderly people in China. The mean DMFT, DT, MT and FT 
was 13.33 ± 9.32, 3.33 ± 4.17, 9.50 ± 8.66 and 0.49 ± 1.41, respectively. The filling rate was 
very low, assessed as 12.8%. The number of DMFT related to gender, residential district type, 
educational level, level of annual household income, toothbrushing frequency, consumption 
frequency of desserts, attitudes to oral health and oral health-related knowledge.
Conclusion: The prevalence of dental caries in Chinese elderly people is rather high and a 
lot of decayed teeth still need to be filled and suitable prevention and treatment for this group 
is urgently needed. 
Key words: caries, elderly people, prevalence, risk factors, the 4th National Oral Health 
Survey
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that elderly people with poor oral health were more 
likely to suffer from malnutrition6,7. And proper oral 
health services can enhance nutrition and general health 
for the elderly. According to the 6th National Population 
Census8, the 60+ age group in China accounted for 
13.26%, and with the acceleration of the ageing process 
and the arrival of an ageing society, elderly people’s 
oral health problems need more attention.

The oral health survey is one of the main means of 
obtaining this information and helping to draft suitable 
public health policies. In China, previous national oral 
health surveys (previously conducted in 1983, 1995 and 
2005) had shown a high prevalence of dental caries in 
the population of 65 to 74-year-olds. The methods and 
criteria used in the 4th National Oral Health Survey 
satisfied the standards recommended by the WHO, the 
5th edition of Oral Health Surveys-Basic Methods9, and 
provided necessary data in the past 10 years (from 2006 
to 2015) of China’s oral health status.

Materials and methods

The study was revised and approved by the Stomatologi-
cal Ethics Committee of Chinese Stomatological Asso-
ciation (Approval no. 2014-003).

Study design and sample selection

The clinical data collection of the 4th National Oral 
Health Survey in China was conducted between October 
2015 and September 2016.

To obtain a representative sample of the national 
population in China, participants were chosen from all 
31 provinces, autonomous regions and municipalities of 
the mainland of China. 

Sample selection followed a multistage, cluster strat-
egy. In the first stage, two districts and two counties 
from each province, autonomous region and municipal-
ity of the mainland of China were chosen randomly by 
the probability proportional to size (PPS) method. In the 
second stage, three neighbourhood committees in each 
district and three village committees in each country 
were selected randomly. In the third stage, participants 
were recruited by quota sampling. The PPS method was 
used to make the sampling more credible. 

The sample size was calculated by the formula

n = deff  µ2
a p (1–p)

          δ2

The design efficiency deff = 4.5, the level of confidence 
μα=	1.96,	 the	acceptable	error	δ	=	10%p,	according	 to	

the 3rd National Oral Health Survey in China, the preva-
lence of caries in people at aged 65 to 74 years was 
P = 86.0% and the non-response rate was 20%. Finally, 
a total of 4,431 subjects of 65 to 74-year-olds completed 
the survey.

Data collection

Data were collected through an oral examination con-
ducted by trained and accredited dentists. According to 
the diagnostic standard proposed by the WHO9, status of 
dental caries was examined under the artificial light with 
a plane dental mirror and Community Periodontal Index 
(CPI) probe. The kappa value of the examiners was 0.97. 
A structured questionnaire including socioeconomic and 
demographic information, knowledge and attitude to 
oral health, and oral health promoting behaviours were 
recorded by trained recorders in face-to-face interviews. 

According to criteria recommended by the WHO9, 
32 teeth were taken into consideration and caries status 
was evaluated on both crown and root. DT (decayed 
teeth with crown or root caries), MT (missing teeth due 
to caries or other reasons) and FT (filled teeth without 
any primary or secondary caries) were employed to 
assess tooth status. Decayed, missing, and filled teeth 
(DMFT index, sum of all the DT, MT and FT) were also 
calculated to describe the severity of dental caries. The 
prevalence of dental caries was counted as the percent-
age of respondents who suffered from crown or root 
caries to the total number of respondents. The filling 
rate reflects the workload of caries filling and the level 
of oral health care10. This index was calculated by the 
following formulate: (total number of FT/ total number 
of DT and FT) × 100%. 

Data analysis

For analysis of results, the sample was stratified in rela-
tion to the presence of teeth, in addition to sociodemo-
graphic variables such as gender, residential district type, 
education level, per capita annual household income, 
and individual features: toothbrushing habits, dental 
appointments, attitude and knowledge levels regarding 
oral health (Table 1).

A descriptive analysis was used to analyse the sever-
ity of dental caries. Because the DMFT index and its 
components were not normally distributed, a kind of 
non-parametric test (Mann-Whitney U-test or Kruskal-
WallisH-test) was used to compare the index according 
to participants’ socio-economic and demographic char-
acteristics, and their behaviours relating to oral health 
status.
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The prevalence of dental caries and the filling rate 
are reported as percentages and compared by Pearson’s 
χ2 analysis.

Statistical analyses were performed by SPSS 
Statistics v. 19.0 (IBM, Armonk, NY, USA). P < 0.05 
was considered to be significant.

Results

In total, 4,431 subjects aged 65 to 74 years were selected 
– 2,222 (50.1%) male and 2,209 (49.9%) female; 2,247 
(50.7%) living in urban areas and 2,184 (49.3%) from 

rural areas. The demographic characteristics of subjects 
are shown in Table 2.

Table 2 also presents that among 65 to 74-year-olds 
prevalence	 of	 caries	 was	 98.0%	 (DMFT	≥	1),	 with	
prevalence among females higher than males, and rural 
residents higher than urban residents. The mean DMFT 
was 13.33 ± 9.32 and the filling rate was 12.8% across 
the country. The filling rate in females is higher than 
that in males and the difference is significant, and the 
difference between rural and urban is obvious (6.8% 
vs 18.8%). The mean DMFT and its components show 
a tendency that participants with a higher income and 

Table 1  Variables related to dental caries analysis.

Variable Description

Gender  Male

Female

Residential areas

Urban

Rural

Educational level

Low 1/3 participants with lowest educational level, most of whom are illiterate

Medium 1/3 participants with medium educational level

High 1/3 participants with high educational level

Income level

Low 1/3 participants with lowest annual income, less than ¥5,000/person

Medium 1/3 participants with medium annual income, ¥5,000 to  ¥15,000/person

High 1/3 participants with highest annual income, more than ¥15,000 /person

Frequency of dessert consumption

High Consume sweet food or drinks  ≥ twice a day

Low Consume sweet food or drinks < twice a day

Frequency of toothbrushing

High ≥ Once a day

Low < Once a day

Oral health attitude 

Positive Correct ≥ 2 questions out of 4

Passive Correct < 2 questions out of 4 

Oral health knowledge 

Low Correct < 4 questions out of 8

High Correct ≥ 4 questions out of 8 
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those with a higher level of educational have less caries 
and a higher filling rate (Table 3).

Figure 1 shows that participants with better knowl-
edge of oral health had lower mean DMFT scores. 
Figure 2 also shows that participants with a more posi-
tive attitude to oral health had better oral health status. 
Those people who had better oral health promoting 
behaviours such as eating less sweet food or drinks, 
who brush their teeth at least once a day, use toothpicks 
at least once a day, and use toothpaste containing fluor-
ide had less dental caries than those who do not (Fig 3).

The DMFT and its components’ scores of 65 to 
74-year-olds according to different exposure variables 
are shown in Table 4.

The number of DMFT related to gender, residen-
tial district type, educational level, annual household 
income level, frequency of toothbrushing, frequency 
of consuming desserts, attitudes to oral health and oral 

Table 2  Dental caries status of 65 to 74-year-olds in China, 2015 to 2016.

Number of 
subjects (%)

Prevalence
(DMFT ≥1)

DMFT DT MT FT
Filling
rate

x s x s x s x s

Gender Total
Male
Female

4,431 (100)
2,222 (50.1)
2,209 (49.8)

98.0%
97.8%
98.3%

13.33
12.87
13.78

9.32
9.23
9.39

3.33
3.00
3.67

4.17
3.84
4.45

9.50
9.51
9.50

8.66
8.70
8.61

0.49
0.36
0.61

1.41
1.10
1.66

12.8%
10.7%
14.3%

Residential  
areas

Urban
Rural

2,247 (50.7)
2,184 (49.3)

98.4%
97.7%

12.71
13.96

8.96
9.64

3.02
3.65

3.81
4.48

8.99
10.04

8.29
8.99

0.70
0.27

1.70
0.99

18.8%
6.9%

Table 3  Dental caries status related to socio-economic status of 65 to 74-year-olds in China, 2015 to 2016.

Number of 
subjects (%)

Prevalence
(DMFT ≥ 1)

DMFT DT MT FT
Filling
rate

x s x s x s x s

Total 4,431 (100) 98.0% 13.33 9.32 3.33 4.17 9.50 8.66 0.49 1.41 12.8%

Level of 
education

Low 1,033 (23.3) 98.9% 15.38 9.91 4.16 4.80 11.00 9.39 0.22 0.92 5.02%

Medium 1,648 (37.2) 97.7% 13.61 9.38 3.50 4.27 9.75 8.83 0.37 1.24 9.56%

High 1,750 (39.5) 97.8% 11.85 8.64 2.70 3.51 8.40 7.86 0.76 1.73 21.97%

Personal 
income

Low 1,760 (39.7) 98.0% 14.25 9.62 3.80 4.55 10.15 9.00 0.30 1.14 7.4%

Medium 1,515 (34.2) 97.5% 13.07 9.37 3.31 4.10 9.39 8.70 0.37 1.19 10.2%

High 1,156 (26.1) 98.8% 12.25 8.64 2.66 3.51 8.68 7.97 0.91 1.90 25.6%

health-related knowledge. The inequality in the DT 
score was associated with gender, residential district 
type, educational level, annual household income level, 
toothbrushing frequency, attitude to oral health and oral 
health-related knowledge. The number of MT related 
to residential district type, educational level, annual 
household income level, toothbrushing frequency, the 
frequency of dessert consumption, attitudes to oral 
health and oral health-related knowledge. The num-
ber of FT related to gender, residential district type, 
educational level, annual household income level, 
toothbrushing frequency, frequency of eating dessert, 
attitudes to oral health and oral health-related knowl-
edge. The multivariate logistic regression analysis of 
DMFT shows that a high annual household income and 
frequent toothbrushing are protective factors in prevent-
ing dental caries (Table 5). 

CJDR_18_03_BUCH.indb   216 10.09.18   10:57



217Chinese Journal of Dental Research

Gao et al

Table 4  Mean DMFT and its components according to expo-
sure variables of 65 to 74-year-olds in China, 2015 to 2016.

Variable
P value

DMFT DT MT FT

Gender

 Male 0.001* 0.000* 0.691* 0.000*

 Female

Residential area

 Urban 0.000* 0.000* 0.000* 0.000*

 Rural

Educational level

 Low

 Medium 0.000** 0.000** 0.000** 0.000*

 High

Income 0.000* 0.000* 0.000* 0.000*

 Low

 Medium

 High

Toothbrushing

 < 1/day 0.000* 0.000* 0.002* 0.000*

 ≥ 1/day

Frequency of dessert consumption

 High 0.030* 0.134* 0.016* 0.000*

 Low

Attitude 0.000* 0.000* 0.011* 0.000*

 Positive

 Passive

Knowledge 0.000* 0.000* 0.000* 0.000*

 Low

 High

*Mann-Whitney U-test. **Kruskal-Wallis H(K) test.

Table 5  Multivariate logistic regression analysis of DMFT.

Variable OR 95% CI

Gender  Male 0.831 0.627-1.101

Female 1

Residential area

Urban 0.869 0.642-1.175

Rural 1

Educational level

Low 1

Medium 0.784 0.627-0.979

High 0.615

Income level

Low 1

Medium 0.938 0.771-1.142

High 0.880

Frequency of dessert consumption

High 1.050 0.999-1.103

Low 1

Frequency of toothbrushing

High 0.781 0.715-0.854

Low 1

Oral health attitude 

Positive 1

Passive 1.074 0.917-1.258

Oral health knowledge 

Low 1

High 0.999 0.917-1.088
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Discussion

As a vulnerable group, elderly people usually have poor 
oral health status. This survey revealed a high preva-
lence of dental caries, and a high number of DMFT 
and its components in this elderly group, which was 
in accordance with the 3rd oral health survey in China.

Fig 1  Trend of dental caries status related to oral health atti-
tude of 65 to 74-year-old people (higher score means more 
positive attitude to oral health care).

b

Fig 2  Trend of dental caries status related to oral health 
knowledge of 65 to 74-year-old people (higher score means 
more right answers).

b

Fig 3  Distribution of dental caries related to oral health behaviours, including frequency of sweet food/drinks consumption, fre-
quency of daily toothbrushing, frequency of daily use of toothpicks, and type of toothpaste used by 65 to 74-year-olds.

Although worldwide there has been a decline in 
dental caries, the distribution of caries becomes more 
unfair because of social-economical inequalities. But 
most studies were aimed at a younger population, with 
only  a small amount of attention paid to older people11.

This study provides national information about den-
tal caries in the Chinese elderly population. The DMFT 

CJDR_18_03_BUCH.indb   218 10.09.18   10:57



219Chinese Journal of Dental Research

Gao et al

index and its components reflect lifetime experience 
of dental caries, rather than specifying each current 
moment12. The results revealed that the severity of 
dental caries was apparently associated with levels of 
educational.

Participants with a higher level of educational had a 
lower severity of dental caries. The survey shows that 
average education levels of female participants was 
lower than males, which was in accordance with the 
severity of caries. The level of educational background 
affects occupation and income, and thus influences one’s 
health service usage, oral cleaning habits, and diet13,14.

Some studies found that people with a lower educa-
tional level were more likely to have tooth extractions 
without receiving a prosthesis and they usually had the 
poorest oral clinical outcomes, including the presence 
of decay, existence of untreated decay and deep peri-
odontal pockets15,16.

Therefore, oral health projects targeting this sector 
of the population are needed to help them to prevent 
and treat oral health diseases. Children should also be 
prevented from dropping out of school, especially in 
remote areas.

Annual household income was closely related to edu-
cational level1 and also related to the severity of dental 
caries and filling rates. Because in some areas of China 
dental treatment fee are not included in the insurance 
and not all treatments can be paid by the insurance, 
people have to foot these bills themselves. According 
to our survey, more than two-thirds of Chinese elderly 
people have a low per-capita annual household income 
(< ¥15,000/year), which cannot support their need for 
dental treatment. Economic development levels of dis-
tricts are another influencing factor in oral health sta-
tus. Usually people living in a more developed district 
will have better access to visit dental practitioners and 
receive some treatments and advice. This is one of the 
reasons why people living in rural countries have more 
decayed teeth and a lower filling rate. We need more 
programmes to provide oral health service resources 
in less developed parts of China and encourage dental 
practitioners to work there.

It is also often inconvenient for the elderly to go to 
a hospital or clinic for treatment, especially when they 
are living alone. Some projects for the elderly to receive 
oral health examinations and treatment at home or in the 
community are needed.

Brushing teeth at least twice a day is a recommended 
oral health care method, but among elderly Chinese, 
only 30% of participants reported this was achieved. 
The difference in DMFT scores is obvious between the 
group who brush their teeth less or more than twice a 

day (14.79 vs 9.92). So, we still need to carry out more 
public educational programmes to promote proper oral 
health selfcare skills.

Dental caries status reported in China was less seri-
ous than that reported in Uruguay18 and Chile19, but 
higher than that reported in Malawi20 and Cambodia21. 
As everyone knows, the health status including oral 
health status of disadvantaged populations was closely 
related to per-capita gross domestic product and public 
health projects. 

In conclusion, the prevalence of dental caries in 
elderly Chinese people is rather high and a lot of 
decayed teeth still need to be filled. The oral health bur-
den on Chinese dental practitioners and the government 
is still high to achieve WHO goals Suitable prevention 
and treatment for this group is urgently needed.
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In recent decades there has been increased attention 
towards root caries1. According to the 6th National 

Population Census2, the 60+ group in China accounts 
for 13.26% of the population. With the acceleration of 

1  State Key Laboratory of Oral Diseases, National  Clinical Research 
Center for Oral Diseases, Department of Preventive Dentistry, West 
China Hospital of Stomatology, Sichuan University, Chengdu, P.R. 
China.

2  Chinese Stomatological Association, Beijing, P.R. China.
3  Shanghai Ninth People’s Hospital, Shanghai JiaoTong University 

School of Medicine, Shanghai, P.R. China.
4  School & Hospital of Stomatology, Wuhan University, Wuhan, P.R. 

China.
5  Guanghua School of Stomatology, Hospital of Stomatology, Sun Yet-

sen University, Guangzhou, P.R. China.
6  Peking University School and Hospital of Stomatology, Beijing, P.R. 

China.
7  Chinese Center for Disease Control and Prevention, Beijing, P.R. China.

How Root Caries Differs between Middle-aged People  
and the Elderly: Findings from the 4th National Oral Health 
Survey of China
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Objective: To investigate the differences in distribution of root caries and related factors 
between middle-aged and elderly people in China.
Methods: In this cross-sectional study, a multistage, cluster strategy was used to recruit 4,410 
participants (2,197 males and 2,213 females) aged 35 to 44 years and 4,431 participants 
(2,222 males and 2,209 females) aged 65 to 74 years from all 31 provinces, autonomous 
regions and municipalities of the mainland of China. The survey was conducted according 
to the basic methods proposed by the World Health Organization (WHO). Sociodemographic 
information, oral health behaviour, attitude and knowledge, history of dental prophylaxis and 
general health condition were collected with a closed questionnaire.
Results: A great increase in the occurrence of root caries in Chinese adults from 35 to 44-year-
old to 65 to 74-year-olds, with the prevalence (DFR ≥ 1) from 25.4% to 61.9% and with 
the mean DFR score from 0.54 ± 1.34 to 2.63 ± 3.75. Filling rates were also very low, only 
1.8% and 3.0%, respectively. Females and residents of rural areas were more likely to suffer 
from root caries. In both the middle-aged group and the elderly group, root caries related to 
gender, education level, sweet food/drinks consumption, oral health knowledge and status of 
root surface explosion. In 35 to 44 year olds, toothbrushing is a significant protection factor 
(OR = 0.88, 95%CI 0.81 ~ 0.96), while using toothpicks is a risk factor (OR = 1.06, 95%CI 
1.02 ~ 1.10). In 65 to 74 year olds, not having dental had scaling in the past 12 months is a 
risk factor (OR = 1.66, 95%CI 1.09 ~ 2.53).
Conclusion: Root caries among middle-aged people and elderly people in China have dif-
ferent risk factors and need more attention in future research to develop proper prevention.
Key words: China, elders, middle-aged, risk factor, root caries, the 4th National Oral Health 
Survey
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the ageing process and the arrival of the ageing society, 
the oral health problems of the older groups need more 
attention. Longitudinal data from multiple countries 
indicated similar increases in tooth retention3, which is 
associated with an increased risk for root caries, which 
is a debilitating disease4.

Older adults will have a richer history of oral disease 
such as coronal caries and periodontitis and their treat-
ment poses a risk of developing further chronic destruc-
tive conditions. Destruction of the periodontal tissues, 
including gingival recession, can be a part of the normal 
ageing process. Gingival recession puts the exposed 
root surfaces of teeth at risk of developing root caries5. 
As a consequence of ageing, root caries is expected 
to become a more significant oral health problem in 
middle-aged and elderly people.

A considerable percentage of adults is affected 
by root caries. The prevalence of root caries lesions 
reported by various studies ranged from 9.8% to 
71%6,7. In the 3rd National Oral Health Survey of 
China in 2005, the prevalence of root caries was 32.7% 
in 35 to 44 year olds and 63.6% in 65 to 74 year olds, 
and the prevalence of untreated root caries was 97.2% 
and 98.1% respectively8. Untreated root caries lesions 
reflect experience of the disease and a lack of access 
to dental services.

The picture of root caries described from the 3rd 
National Survey of Oral Health in China in 2005 is 
incomplete. In the past 10 years, there has been rapid 
growth in various aspects in China, including dietary 
structure, nutritional status and psychosocial develop-
ment9. Furthermore, awareness and affordability of oral 
health has been improved. Moreover, the government 
has increased activity aimed at preventing and curing 
oral disease. All of these factors influence oral health 
status. 

Root caries is a complex disease that relates to 
multiple factors. A recent systematic review examined 
risk models10 and identified the following factors as 
important correlates of root caries: sociodemograph-
ic (e.g. age, gender, race/ethnicity), systemic health 
(e.g. dementia), intraoral status (e.g. number of teeth, 
plaque, bacterial species, tooth decay, periodontal 
attachment loss, gingival recession, salivary flow), and 
behavioural habits (e.g. dental care use, toothbrushing, 
smoking). Subsequent studies have confirmed findings 
from the systematic review11-13 and found additional 
factors related to root caries: poor self-reported oral 
health14, living in rural areas15, etc. Although age is an 
unequivocal risk factor for root caries in adults16, few 
investigators to date have examined root caries risk fac-
tors cross-referencing for middle-aged and older adults.

Therefore, the aims of this study were to describe 
the prevalence and the severity of root caries among a 
representative sample of Chinese adults and explore the 
associations with socio-demographic, socio-economic, 
clinical and behavioural factors that influence root 
caries in these populations. The differences and simi-
larities of the 35 to 44-year-old age group and the 65 
to 74-year-old age group were also anticipated to be 
revealed. We expect to use these findings to develop 
relevant policies and interventions aimed at preventing 
root caries in adults.

Materials and methods

The study was revised and approved by the Stomatologi-
cal Ethics Committee of Chinese Stomatological Asso-
ciation (Approval no. 2014-003).

Study design and sample selection

The retrospective survey was based on a cross-sectional 
national survey conducted between October 2015 and 
September 2016.

To obtain a representative sample of the national 
population in China, participants were chosen from all 
31 provinces, autonomous regions and municipalities 
of the mainland of China. The probability proportional 
to size (PPS) method was used in the 4th National Oral 
Health Survey in China to make the sampling more 
credible. 

Sample selection followed a multistage, cluster strat-
egy. In the first stage, two districts and two counties of 
each province, autonomous region and municipality of 
the mainland of China were chosen randomly by the 
PPS method. In the second stage, three neighbourhood 
committees in each district and three village commit-
tees in each county were selected randomly. In the third 
stage, participants were recruited by quota sampling. 
The sample size was calculated by the formula:

n = deff  µ2
a p (1–p)

          δ2

The design efficiency deff = 4.5, the level of confidence 
μα	=	1.96,	the	acceptable	error	δ	=	10%p,	according	to	
the Third National Oral Health Survey in China, the 
prevalence of caries in people aged 65 to 74 years and 
35 to 44 years were P = 86.0%. Considering the non-
response rate (20%) and stratification factors, a total 
of 4,410 35 to 44 year olds and 4431 65 to 74 year olds 
completed the survey.
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Data collection

Data were collected through an oral examination con-
ducted by trained and accredited dental practitioners. 
According to the diagnostic standard proposed by the 
WHO17, 32 teeth were taken into consideration. The 
status of dental roots was examined under artificial light 
with a plane dental mirror and Community Periodontal 
Index (CPI) probe. Exposed root with no caries, decayed 

root, filled root with caries and unexposed root were 
judged and recorded. Root caries was recorded as pre-
sent when a lesion felt soft or leathery on probing with 
the CPI probe. If a single caries lesion effected both 
crown and root including residual root, no matter where 
the caries originated, coronal and root caries were both 
recorded as present. The kappa values of the examiners 
were both 0.97.

Table 1  Variables related to dental caries.

Variable Description

Gender  Male

Female

Resident areas

Urban

Rural

Educational level

Low 1/3 participants with the lowest level of education, most of whom are illiterate

Medium 1/3 participants with a medium level of education

High 1/3 participants with a high level of education

Income level

Low 1/3 participants with the lowest annual income, less than ¥5000/person

Medium 1/3 participants with a medium annual income, ¥5000 to ¥15000/person

High 1/3 participants with the highest annual income, more than ¥15000/person

Frequency of dessert consumption

High Consuming sweet food or drinks ≥ twice a day

Low Consuming sweet food or drinks < twice a day

Frequency of toothbrushing

High ≥ Once a day

Low < Once a day

Frequency of toothpick use

High ≥ Once a day

Low < Once a day

Oral health attitude 

Positive Correct ≥ 2 questions out of 4

Passive Correct < 2 questions out of 4 

Oral health knowledge 

Low Correct < 4 questions out of 8

High Correct ≥ 4 questions out of 8 
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knowledge level towards oral health, and general health 
(Table 1).

A descriptive analysis was used to analyse the sever-
ity of root decay. Multivariate binary logistic regression 
analysis was used to identify risk factors for high root 
caries.

The prevalence of dental caries and the filling rate 
are reported as percentages and compared by Pearson’s 
χ2 analysis.

Statistical analyses were performed by SPSS 
Statistics v. 19.0 (IBM, Armonk, NY, USA). P < 0.05 
was considered to be significant.

Results

The	root	caries	prevalence	was	25.4%	(DFR	≥	1)	in	the	
35 to 44 years age range. The mean DFR score was 
0.57 ± 1.48, the mean DR score was 0.56 ± 1.46, and the 
mean FR score was 0.01 ± 0.22. The root caries preva-
lence	was	61.9%	(DFR	≥	1)	and	 the	mean	DFR	score	
was 2.64 ± 3.76 in the 65 to 74 years age group. In both 
35 to 44-year old group and 65 to 74 years group, female 
and elder people living rural areas would have higher 
prevalence of root caries. These differences are at a sig-
nificant level, as shown in Table 2

Figure 1 describes the distribution of decay and filled 
root on all 32 teeth in the mandibular and maxillary 
arches. The number of subjects was very close in both 
the 35 to 44 and the 65 to 74-year-old groups and 32 
teeth were examined and recorded for every subject. 

A structured questionnaire including socioeconomic 
and demographic information, knowledge and attitude 
of oral health, and oral health-promoting behaviours 
were recorded by trained recorders in face-to-face 
interviews.

Data analysis

DR (decayed teeth with root caries) and FR (filled 
root without any primary or secondary caries) were 
employed to assess tooth status. Decayed and filled 
teeth (DFR – the sum of DR and FR) were also calcu-
lated. The prevalence of dental caries was counted as 
the percentage of respondents who suffered from root 
caries to the total number of respondents. The filling 
rate reflects the workload of caries filling and the level 
of oral health care. This index was calculated by the 
following formulate: (total number of FR/ total number 
of DR and FR) × 100%. Root caries index (RCI) was 
calculated in different gender and population group to 
show the rate of teeth with root caries compared with 
teeth with exposed root surface (RCI = number of teeth 
with root caries lesions/number of teeth with gingival 
recession × 100%).

For analysis of results, the sample was stratified in 
relation to the presence of teeth, in addition to socio-
demographic variables such as gender, residential 
area, level of education, annual household income, and 
individual features – smoking, toothbrushing and use 
of toothpicks habits, dental appointments, attitude and 

Table 2  Root caries status by residential areas and gender in the 35 to 44 and 65 to 74-year-old group.

Age group Variables No.
Prevalence
(DFR ≥ 1)

DRoot FRoot DFRoot

x s x s x s

35-44

Urban 2,239 21.9% 0.45 1.33 0.02 0.28 0.44 1.39

Rural 2,171 29.1 % 0.67 1.57 0.01 0.12 0.68 1.58

Male 2,197 22.5 % 0.48 1.36 0.01 0.13 0.49 1.37

Female 2,213 28.3 % 0.64 1.55 0.02 0.27 0.66 1.58

Total 4,410 25.4 % 0.56 1.46 0.01 0.22 0.57 1.48

65-74

Urban 2,247 60.1 % 2.23 3.35 0.14 0.82 2.37 3.44

Rural 2,184 63.9 % 2.90 4.04 0.03 0.25 2.93 4.04

Male 2,222 59.2 % 2.36 3.50 0.08 0.57 2.44 3.54

Female 2,209 64.7 % 2.76 3.92 0.09 0.66 2.85 3.95

Total 4,431 61.9 % 2.56 3.72 0.09 0.61 2.64 3.76
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Those numbers in Figure 1, which are the sum of root 
caries on each position for all subjects, are strictly com-
parable. In the middle-aged group it was clearly shown 
that the root surface caries was mostly concentrated in 
the posterior teeth. Not only did the number of lesions 
per tooth increase significantly with age in the elderly 
group compared with the middle age group, but the ratio 
of anterior teeth and bicuspid teeth was no less than that 
of posterior teeth.

Exposed root surfaces result from gingival recession 
and are supposed to be at higher risk. And RCI is used 
to outline the activities of root caries lesions. Table 3 
presents different RCI according to different variables. 
It showed that females, rural residents and elderly peo-
ple have a higher RCI index.

In both groups there are common risk factors: being 
female, having sweet food or drinks more than twice a 
day and exposed root surfaces. There are some com-
mon protective factors: high education level and high 
oral health knowledge level. In the 35 to 44-year-old 
group, high frequency of toothbrushing is a significant 
protection factor (OR = 0.88, 95%CI 0.81 ~ 0.96) 
while using toothpicks is a risk factor (OR = 1.06, 95 

CI% 1.02 ~ 1.10). In the 65 to 74 year-old-group, those 
people who have not had scaling during the previous 12 
months were at risk (OR = 1.66, 95%CI 1.09 ~ 2.53) 
(Table 4).

Discussion

Root surface caries is one of the significant oral health 
problems in adults, especially in elderly people18,19. In 
this national cross-sectional survey in 2015, it is revealed 
that a great increase in root caries occurrence in Chinese 
adults from 35 to 44-year-olds to 65 to 74-year-olds, with 
the	prevalence	(DFR	≥	1)	from	25.4%	to	61.9%	and	with	
the mean DFR score was from 0.54 to 2.63. Compared 
with the results in the 3rd National Oral Health Survey 
of China in 2005, the prevalence of root caries decreases 
a lot in 35 to 44-year-old subjects (from 32.7%, 0.75 to 
25.4%, 0.54) and less in 65 to 74-year-olds (from 63.6%, 
2.74 to 61.9%, 2.63). Considering an increase in the 
number of teeth retained in the mouth, the measures of 
oral health promotion take effects in the past 10 years. 
In spite of this, the filling rates were very low, only 1.8% 
and 3.0%, respectively.

Fig 1  Relation of root 
caries and tooth position 
in adults and the elderly.
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Table 3  RCI according to different variables.

Age group Variables
Number of

residual teeth
Number of

exposed root
Rate of exposed root

to residual teeth
Mean DFR RCI

35-44

Male 29.69 10.99 37.3% 0.49 10.8%

Female 29.50 9.07 31.0% 0.66 17.3%

Urban 29.60 9.41 32.0% 0.47 12.6%

Rural 29.59 10.67 36.4% 0.68 15.3%

Total 29.60 10.03 34.2% 0.57 14.0%

65-74

Male 23.56 15.01 68.8% 2.44 21.6%

Female 23.54 13.65 63.1% 2.85 27.5%

Urban 23.92 14.36 64.3% 2.37 22.6%

Rural 23.17 14.31 67.7% 2.93 26.6%

Total 23.55 14.33 66.0% 2.64 24.5%

Table 4  Multivariate binary logistic regression analysis of root caries in the middle-aged and elderly groups.

35-44 years 65-74 years

P OR 95% CI P OR 95% CI

Female 0.01 1.30 1.08 1.57 0.02 1.22 1.04 1.44 

Rural residents 0.56 1.05 0.90 1.22 0.77 1.02 0.89 1.17 

High educational level 0.00 0.63 0.56 0.71 0.00 0.81 0.74 0.89 

High sweet food or drink consumption 0.00 1.05 1.02 1.07 0.04 1.02 1.00 1.05 

High frequency of toothbrushing 0.00 0.88 0.81 0.96 0.58 0.99 0.94 1.04 

High frequency of toothpick use 0.00 1.06 1.02 1.10 0.21 0.98 0.95 1.01 

Without scaling in past 12 months 0.17 1.23 0.92 1.65 0.02 1.66 1.09 2.53 

Positive attitude to oral health 0.63 1.02 0.94 1.12 0.94 1.00 0.93 1.07 

High scores in oral health knowledge 0.00 0.92 0.88 0.96 0.02 0.95 0.92 0.99 

Without diagnosed choric diseases 0.56 1.05 0.89 1.25 0.30 0.93 0.82 1.06 

Annual household income 0.05 0.96 0.93 1.00 0.60 1.00 1.00 1.00 

Exposed root surfaces 0.00 1.03 1.03 1.04 0.00 1.05 1.05 1.06 

Smoking 0.08 0.84 0.68 1.02 0.53 0.95 0.81 1.12 
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In this study, the root caries was measured by count-
ing the number of roots that were decayed or filled 
(DF-Root). However, the diagnostic criteria of root 
caries are a little different from criteria recommended 
by the WHO and a residual root was recorded both as 
coronal and root caries. In fact, estimating the preva-
lence and incidence of root caries can be challenging 
as loss of teeth confounds the data and the diagnostic 
criteria for root caries differ between studies. There are 
a few published studies reporting wide ranges for the 
prevalence of root caries (25% to 100%). It is difficult 
and inappropriate to produce any definitive figures on 
the global prevalence and to compare with other coun-
tries. But it is believed that along with the social ageing 
process root disease will still put a serious burden on the 
population’s health.

Elderly adults from urban areas had a lower mean 
DFR score and a higher FR score than those living 
in rural areas (even though some of them are not sig-
nificant). But in the middle-aged group, residential area 
type contributes less in terms of the mean DFR score, 
and the mean FR score is similar between urban and 
rural areas. This finding shows that elderly people liv-
ing in rural areas tend to receive less dental treatment 
compared with their counterparts living in urban areas. 
The middle-aged group is more likely to use dental 
services when they need them, regardless of where 
they live. This finding supports a previously reported 
study showing that people living in non-metropolitan 
areas are less likely to have used dental services in the 
previous 12 months.

The precondition for the occurrence of root caries is 
root surface exposure due to gingival recession, which 
reflects periodontal health. From the middle-age group to 
the elderly group, the number of teeth with root carious 
lesions increased four times, from 0.5 per person to 2.6. 
The prevalence of people affected increased from 25.4% 
to 61.9%. It was shown in Table 2, although the middle-
aged group and the elderly group had 29 and 23 natural 
teeth respectively, the composition of root surface expo-
sure increased from 14% to 25%. The changing trend of 
the above indicators is basically consistent. In multivari-
ate analysis, the exposed root is a meaningful predictor 
for both the middle-aged and older group (OR 1.03, 95% 
CI 1.03 to 1.05; OR 1.05, 95% CI 1.05 to 1.06). Existing 
studies revealed that exposed root surface is mainly 
attachment loss due to periodontal diseases or gum atro-
phy formation. It is important for people to know that 
early prevention and control of periodontal disease are 
primary measures in reducing root surface caries.

In most conditions, RCI can still be used to reflect 
root caries activity9,13. According to this study, RCI in 

the middle-aged group was 14%, and that of the elderly 
group was 25%. There are similar urban-rural differ-
ences in caries, periodontal disease and missing teeth 
repaired among Chinese residents. This supports results 
reported by a previous study showing that people living 
in non-metropolitan areas are less likely to report that 
they use dental services17. 

The occurrence of root caries was shown to be relat-
ed to tooth position. The lower front teeth are usually 
more susceptible to periodontal disease, but they are 
very easy to clean and get more attention, so they still 
have the lowest incidence of root caries.

Of the several variables that were considered in this 
study, the significant factors regarding root caries were 
gender, level of education, toothbrushing frequency, 
consumption of desserts, and oral health-related knowl-
edge. Almost similar findings were reported by the 
previous studies conducted by Kumara-Raja and Radha 
et al20 and Tan and Lo21 which found that existing 
sociodemographic factors – low-income families and 
a low level of education – are the main factors for root 
caries because adults have a lack of awareness about 
oral health and poverty, which were responsible for the 
higher probability of oral diseases. 

The report shows that in both the middle-aged group 
and the elderly group females were at a higher risk of 
suffering from root caries, a finding that is consistent 
with the 3rd National Oral Health Survey. In some 
studies, the results are the same, but others are not22-
25. In both groups, men had a higher educational level 
than women, especially in the elderly group. Females 
consumed sweet food or drink more frequently than 
males. But women had better periodontal conditions 
and better oral health promoting habits. There are a lot 
of correlated factors, and further studies are needed to 
investigate the influencing factors.

Higher socio-economic status was associated with a 
lower severity of DR among Chinese adults. Root car-
ies experience is socially patterned; people on a lower 
income and with a lower level of education suffered 
more with root caries. This finding was also consist-
ent with a previous reported study26. Socio-economic 
position is associated with less healthy behaviour and 
more limited access to dental services, either treatment 
or preventative services. A combination of these factors 
could increase the risk of having more untreated root 
caries lesions.

More frequent toothbrushing is associated with lower 
root caries experience and presents only as decayed root 
surfaces, which supports a previous study27. As tooth-
brushing can mechanically remove plaque, fluoridated 
toothpaste used in toothbrushing could assist in altering 
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the balance between demineralisation and remineralisa-
tion, and brushing has a preventive effect on root caries.

Frequent use of toothpicks in the middle aged group 
contributes to more root caries (OR 1.06, 95% CI 1.02 
~ 1.10) while in 65 to 74 year olds the result show no 
significant association. There are only a few studies 
investigating the relationship between toothpick use and 
root caries. Toothpicks were originally recommended 
for cleaning the adjacent spaces after gingival recession 
and have proved to provide sufficient protection. But a 
lot of residents use toothpicks of improper materials, 
shape and methods, which lead to the possibility of 
periodontal trauma and gingival recession and a rise in 
the risk of disease.

In both groups, the attitude to oral health does not 
show an association to root caries, but participants with 
higher oral health knowledge scores had less severe 
root caries. This finding shows that even when people 
have awareness of the importance of oral health, they 
still need correct actions to prevent oral diseases. Thus, 
more public educational programmes should be carried 
out to help people learn the necessary skills to prevent 
caries.

Conclusions

The root caries experience was different for middle-aged 
adults and elderly adults, and this increases with age. 
Prevention measures should be taken as early as possi-
ble. Root exposing and gingival recession resulting from 
periodontitis and unhealthy oral cleaning habits were the 
main factors related to root caries in the population of 
middle-aged and elderly adults recruited for this study. 
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