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Abstract 

Background: The aim of the current study was to (a) measure the socioeconomic inequalities in oral health and 
examine whether the inequalities are greater in disease experience or in its treatment and to (b) decompose the fac-
tors that influence oral health inequalities among the adults of Guangdong Province.

Methods: A cross-sectional study was conducted among 35- to 44-year-old and 65- to 74-year-old adults in Guang-
dong Province. All participants underwent oral health examinations and answered questionnaires about their oral 
health. We measured the concentration indices of the DMFT and its separate components, namely, decayed teeth 
(DT), missing teeth (MT), and filled teeth (FT), to explore the inequalities in oral health status; then, we analysed its 
decomposition to interpret the factors that influence the inequalities.

Results: The results showed that significant inequality was concentrated on FT (CI =  0.24, 95% CI = 0.14/0.33, 
SE = 0.05). The concentration indices for the DMFT (CI =  0.02, 95% CI =  0.02/0.06, SE = 0.02) and MT (CI =  0.02, 95% CI 
0.03/0.08, SE = 0.03) were small and close to zero, while the concentration for DT (CI =  − 0.04, 95% CI =  − 0.01/0.02, 
SE = 0.03) was not statistically significant. The results from the decomposition analysis suggested that a substantial 
proportion of the inequality was explained by household income, high education level, regular oral examination and 
type of insurance (5.1%, 12.4%, 43.2%, − 39.6% (Urban Employee Basic Medical Insurance System) and 34.5% (New-
Type Rural Medical Collaboration System), respectively).

Conclusions: The results indicated greater inequalities in dental caries than in caries experience. Among the 
included factors, household income, high education level, and regular oral health examinations had the greatest 
impact on the inequalities in the number of FT. In addition, the current medical insurance systems, including the 
Urban Employee Basic Medical Insurance System, Urban Resident Basic Medical Insurance System, and the New-Type 
Rural Medical Collaboration System, have not been effectively used in oral treatment. Policy-making and the imple-
mentation of interventions for tackling socioeconomic oral health inequalities should focus on reducing the burden 
of treatment and providing greater access to dental care for low-income groups. Welfare policies are skewed towards 
rural areas and low-income people.
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Background
Socioeconomic-related oral health inequalities are a 
major concern [1] worldwide and exist in both developed 
and developing countries [2–5]. A study from the United 
States [6] reported that periodontal disease inequalities 
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are pervasive and associated with education, income and 
race/ethnicity. In the United Kingdom [7], social gradi-
ents in regard to dental caries are common in both chil-
dren and adults. Socioeconomic disparities in oral health 
care are both unnecessary and avoidable, and even more 
important, they are considered unfair and unjust [8]. 
Therefore, socioeconomic inequalities in oral health have 
drawn extensive attention. For instance, the international 
Centre for Oral Health Inequalities Research and Policy 
(ICOHIRP) was founded in 2013, and the London Char-
ter on Oral Health Inequalities was subsequently pub-
lished in 2015 [4].

With a permanent resident population of 108.49 mil-
lion in 2015 (Data from STATS.GD.GOV. CN: http:// 
stats. gd. gov. cn/ gdtjnj/ conte nt/ post_ 14248 95. html), 
Guangdong Province is located in southern China and 
covers an area of 174,246  km2 (Data from Ministry of 
Civil Affairs of the People’s Republic of China: http:// 
xzqh. mca. gov. cn/ defau ltQue ry? sheng ji=% B9% E3% B6% 
AB% CA% A1% 28% D4% C1% 29& diji=- 1& xianj i=-1). 
Since 1989, the economic aggregate of Guangdong has 
ranked first among the 31 provinces of China (Data from 
National Bureau of Statistics: http:// www. stats. gov. cn/ 
tjsj/ ndsj/ 2015/ index ch. htm). The province suffers from 
inequalities in the economic development level [9], and 
the socioeconomic gradient is closely associated with oral 
disease distribution [10–12]. As a developed region in 
China, the current situation of Guangdong Province can 
predict the future development of other regions. How-
ever, there is a lack of research on socioeconomic-related 
oral health inequalities in this region of China. This situ-
ation is not conducive to the development of policies to 
promote oral health equality.

Socioeconomic inequalities in oral health have been 
reported both internationally and nationally to explore 
measures to reduce oral health inequalities. Tselmuun 
Chinzorig [13] reported inequalities in caries expe-
rience among Mongolian children. Mengru Xu [14] 
measured and decomposed socioeconomic-related ine-
quality in the use of oral health services among Chinese 
adults and found that oral health care service utiliza-
tion was disproportionately concentrated among bet-
ter-off Chinese adults. These studies focused either on 
a single aspect of oral disease or on oral health care ser-
vice utilization. However, oral disease and oral health 
care services together affect oral health outcomes, 
which should be considered in research on oral health 
inequalities. Dental caries are a long-term chronic dis-
ease whose lifelong effects and management can be 
directly observed and measured. Dental caries are com-
monly measured by the DMFT index and its compo-
nents, namely, DT (decayed teeth), MT (missing teeth), 
and FT (filled teeth). The DMFT is the sum of DT, MT 

and FT, which reflects one’s actual disease experience 
(past and present), while DT, MT, FT separately indi-
cate the management of that disease [15]. To address 
social inequalities in oral health, it is very important to 
understand whether oral health inequalities are due to 
the experience of disease or to the treatment of disease.

Previous studies have usually assessed oral health ine-
quality through regression-based methods [16] or vari-
ation in mean health across quintiles of the oral health 
index [17]. Although convenient and easy to interpret, 
such a grouped analysis provides only a partial picture 
of how health varies across the full distribution of the 
oral health index. A complete picture can be provided 
using a concentration index, which displays the share of 
health accounted for by cumulative proportions of indi-
viduals in a population ranked from poorest to richest 
[17]. Moreover, the decomposition of the concentration 
index helps to analyse which variables contribute to 
the inequality [17]. In this context, the use of the con-
centration index and its decomposition approach has 
permitted an understanding of contributors to socio-
economic inequalities in oral health.

The aim of this study was to explore the socio-
economic inequalities of oral health in Guangdong 
Province that exist mainly in disease experience or 
treatment and to analyse the factors that influence the 
inequality by a concentration index decomposition 
approach.

Methods
Study design and sample
This study presents an analysis of the data from an epi-
demiological survey of oral health status in Guangdong 
Province conducted from December 2015 to April 2016.

A cross-sectional study was conducted among two age 
groups (35–44-year-olds and 65–74-year-olds) of adults 
in Guangdong Province. In this study, we obtained a rep-
resentative sample by using a multistage stratified cluster 
sampling method with selection probabilities propor-
tional to size (PPS) [18]. In the first stage, four districts 
and four counties were chosen randomly by stratified 
sampling using the probability-proportional-to-size 
(PPS) method. In the second stage, the PPS method was 
used to select three neighbourhood committees in each 
district and three village committees in each county. In 
the third stage, the individuals who were interviewed 
in the selected communities were chosen using a quota 
sampling method [19] that excluded people with serious 
physical or psychological illness or disadvantages, as well 
as those who were unable or unwilling to finish the sur-
vey. The sample size for each age group was estimated 
from the following formula:
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N represents the sample size. Considering the stratifi-
cation of urban–rural and male–female, the sampling 
design efficiency ‘deff’ was set to 3.0. Furthermore, p rep-
resents the prevalence of caries among 35–44-year-old 
adults of Guangdong in the Third National Oral Health 
Survey [20], which was 63.9%. The level of confidence is 
μ = 1.96, and the margin of error is δ = 10%. The required 
sample size for each age group was 266 according to the 
formula. Finally, 576 participants responded to the invita-
tion and completed the survey, with 288 participants in 
each age group.

This study was approved by the Stomatological Ethics 
Committee of the Chinese Stomatological Association on 
July 9, 2014 (Approval No.: 2014-003). Before the study, 
all the participants were provided with all the details of 
the survey, and signed informed consent was obtained.

Data collection
Data were collected through structured questionnaires 
and oral examinations at the corresponding communi-
ties. The structured questionnaire [21, 22] solicited infor-
mation on household income, education, oral health 
knowledge, attitudes, oral health practices and key soci-
odemographic variables. Prior to the data collection, the 
questions were pre-tested in comparable groups of adults 
in order to assess reliability and validity. A sub-sample 
of participants who were given the same questionnaire 
20–30 days after completion of the initial questionnaire 
and consistency rates of at least 70% were achieved [23]. 
Trained dentists completed the questionnaires in one-to-
one interviews in Chinese, which helped overcome barri-
ers of illiteracy. Furthermore, in districts where dialects 
were difficult to understand, a local person acted as an 
assistant. The training sessions for the dentists were held 
by the Chinese Stomatological Association and Peking 
University Hospital of Stomatology in Beijing before the 
start of the survey. Survey staffs were trained by a stand-
ard survey staff on the questionnaire content, question-
naire methods, questionnaire skills, details to be paid 
attention to. After the training, questionnaire consistency 
assessment was carried out from a sub-sample of par-
ticipants who completed the questionnaire supervised by 
the same survey staff 20–30 days after completion of the 
initial questionnaire, and the consistency rates were more 
than 90%. The oral examination of the participant’s dental 
caries status was performed with the aid of a mirror and 
a ball-ended WHO Community Periodontal Index probe 
by three calibrated and accredited dentists with the assis-
tance of trained recorders, according to World Health 
Organization (WHO) criteria [24]. The calibration results 
were 0.83–0.92, as calculated by kappa statistics. The 

N = deff(µ2p(1− p)/δ2 numbers of decayed teeth and missing teeth and filled 
teeth were recorded based on the criteria recommended 
by the WHO [24].

Variables
The variables in the study included the following.

Oral health outcomes The participants’ dental caries 
status was evaluated by analysing the DMFT index, which 
is commonly used for epidemiological studies in dental 
research. Teeth were classified as decayed (DT) if there 
was evidence of cavitation on the crown or root. Teeth do 
not present for any reason in people 30 years and older 
were classified as missing (MT). Filled teeth without 
secondary caries were classified as filled (FT). The total 
number of DTs, MTs and FTs was recorded as the DMFT 
score, which was used to assess the participant’s dental 
caries disease experience [25].

Household income Annual household income was 
obtained by the question: “What was your approximate 
total household income in the past 12 months?” Partici-
pants were asked to answer with an exact number using 
the integer value of ¥10,000. To facilitate statistics, we 
categorized household income as follows: low (≤ ¥20 000/
year, approximately US$2903.5/year), medium (¥30 000/
year-¥40,000/year, approximately US$4353.8/year–
US$5805.0/year), medium–high (¥50 000/year − ¥70,000/
year, approximately US$7256.3/year − US$10,158.8/year) 
and high (≥ ¥80 000/year, approximately US$11,610.0/
year) [26, 27] when bivariate analysis and multivariate 
analysis were performed. The participants were allowed 
to leave this question unanswered because income is a 
sensitive issue.

Education Education was classified as no formal school-
ing, primary school, middle school, high school, technical 
secondary school, junior college, university completed, or 
postgraduate degree or above.

Health‑related behaviour variables These variables 
included the consumption of desserts (Yes/No), con-
sumption of sugared drinks (Yes/No), tooth brushing 
(Yes/No), toothpick use (Yes/No), floss use (Yes/No), 
last time of dental attendance (never visit dentist, visited 
dentist 1 year ago, visited dentist 6–12 month ago, visited 
dentist within last 6 months).

Oral health knowledge Oral health knowledge was 
measured by eight questions [23], as shown in Table  1, 
and the quality of measurement is shown in Table 2. The 
correct answer for each question was coded as 1, and an 
incorrect answer or “don’t know” answers were coded as 
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0. The sum of the eight answers created a single oral health 
knowledge variable ranging from 0 to 8. A score less than 
or equal to 4 was categorized as "low", and a score greater 
than 4 was categorized as "high".

Oral health attitudes Four questions [23], as shown in 
Table 1, were included as items in the oral health attitude 
summary score, and the quality of measurement is shown 
in Table 2; the answer for each question was “agree”, “disa-
gree” or “neither”. Responses were coded 1 for a positive 
attitude and 0 for a negative attitude or neither. The final 
oral health attitude scores ranged from 0 to 4; scores were 
categorized as "low" (0–2) and "high" (3–4).

Subjective health conditions These included self-rated 
oral health (good, fair or poor), chronic disease (yes/no).

Socio‑demographic variables These included gender 
(male or female), age, type of household (non-agricultural 
family or agricultural family).

Insurance information variable There are three medi-
cal insurance systems for citizens in China: the urban 
employee basic medical insurance for the urban employed, 
the new-type rural collaboration medical system for rural 
residents, and the urban resident basic medical insurance 
covering urban residents without formal employment. 

Citizens are insured on a voluntary basis. We obtained 
the insurance information variable by asking the follow-
ing questions:

Reimbursement for dental treatment: "Do you get 
reimbursement for dental treatment?" "Yes/No".
Urban Employee Basic Medical Insurance System: 
"Do you have the urban employee basic medical 
insurance system?" "Yes/No".
Urban Resident Basic Medical Insurance System: 
"Do you have the urban resident medical insurance 
system?" "Yes/No".
The New‑Type Rural Medical Collaboration System: 
"Do you have the new‑type rural medical collabora‑
tion system?" "Yes/No".

Analysis
Concentration Index
Statistical analyses were carried out adjusted for the 
complex sample. The sample weights of each sampling 
stage were the inverse of the probability of selection. The 
sample weights of each evaluated case were the product 
of the sample weights of each stage.

Inequalities in oral health status, including the DMFT, 
DT, MT, and FT, were identified by the concentration 
index (CI) in the study. The concentration index provides 
a way to assess the degree of health-related economic 
inequality [28–30] and is increasingly used in the den-
tal literature [31]. The CI is constructed by a concentra-
tion curve (CC). The CC illustrates the distribution of 
a health variable (Y axis) against an economic variable 
(X axis). The economic variable (household income) is 
cumulatively ranked and ranges from the poorest person/

Table 1 Questionnaire about oral health knowledge and oral health attitudes

Number Question Answer

Questions about oral health knowledge

1 Gingival bleeding is normal when brushing teeth No () Yes () Don’t know ()

2 Germs are one of the reasons for gingivitis No () Yes () Don’t know ()

3 Toothbrushing is useless to prevent gingivitis No () Yes () Don’t know ()

4 Dental caries are mainly caused by germs No () Yes () Don’t know ()

5 Sugar consumption can lead to dental caries No () Yes () Don’t know ()

6 Fluoride is useless in protecting teeth No () Yes () Don’t know ()

7 Pit and fissure sealant can protect teeth No () Yes () Don’t know ()

8 Oral disease can influence systemic health No () Yes () Don’t know ()

Questions about oral health attitudes

1 My oral health is very important to me Agree () Disagree () Neither ()

2 Regular dental check-ups are important Agree () Disagree () Neither ()

3 Tooth condition is decided at birth and is not related to self-care Agree () Disagree () Neither ()

4 Self-care is important in preventing dental problems Agree () Disagree () Neither ()

Table 2 Reliability and validity of knowledge and attitude

Measure Cronbach alpha KMO P of Bartlett Test

Knowledge 0.76 0.78 < 0.001

Attitude 0.73 0.77 < 0.001
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household to the richest. In fact, the curve shows among 
which economic groups health is mostly concentrated. If 
health is equally distributed across the economic groups, 
the curve will be a 45-degree line called the ‘equality line’. 
Otherwise, the curve will lie above or below the equal-
ity line, thereby showing the existence of inequality in the 
distribution of health. The CI value is the area between 
equality line and the CC. In the case of equality, the CC 
and the equality line coincide, and the CI is zero. If the 
CC lies above the equality line, this indicates that health 
is highly concentrated among people of lower economic 
status, and the CI will take a negative value. If the CC lies 
below the equality line, this indicates that health is highly 
concentrated among people of higher economic status, 
and the CI will take a positive value [29]. The CI can be 
represented by following [32, 33]:

where  yi and  Ri are, respectively, the health status of the 
ith individual and the fractional rank of the ith individual 
in terms of the index of household economic status; μ is 
the mean of the health of the sample; and cov denotes the 
covariance.

Decomposition of the concentration index
After measurement of the CI, we can go further and 
decompose the CI to understand which variables con-
tribute to the inequality [30]. To do so, a negative bino-
mial model was chosen since count data showed signs 
of overdispersion [34, 35]. Wagstaff and colleagues [17] 
wrote a nonlinear model of the relationship between a 
health variable, y, which may be count data, and factors 
(x) in terms of a general functional form G:

where G takes a particular form for the negative binomial 
model. The concentration index for y, CI can be written 
as follows:

where μ is the mean of y, xk is the mean of xk ,  Ck is the 
concentration index for xk , and GCε is the generalized 
concentration index for the error term (ε).

Equation (b) consists of two components: (1) an 
explained component and (2) an unexplained compo-
nent. The first component is made up of two constitu-
ents: elasticity and the CI of regressors. The second 
component, the unexplained part, is the part of the ine-
quality that cannot be explained by systematic variation 

CI = 2/µ cov(yi,Ri)

(a)yi = G

(

α +

∑

i

βixi

)

+ εi

(b)CI =
∑

K

(βkxk/µ)Ck + GCε/µ

in the determinants across economic groups. To perform 
the decomposition, the values of all variables in Eq. (b) 
should be calculated. First, the coefficients (βk) of the 
explanatory variables are calculated. To do so, a regres-
sion analysis using an appropriate regression model must 
be conducted. In the present study, considering that FT is 
a continuous variable and not normally distributed, non-
parametric tests, namely, the Mann–Whitney U-test and 
Kruskal–Wallis H(K) test, were used to evaluate the 
bivariate associations between each explanatory variable 
and FT. Then, linear regression was used to calculate the 
coefficient of explanatory variables. In the second step, 
the means of the health variable (μ) and each determi-
nant ( xk ) are calculated. All the variables in Eqs. (a) and 
(b) are calculated, and one can reveal the contribution of 
each determinant to inequality by multiplying the elastic-
ity of each determinant by 

(

βkxk
µ

)

Ck . This is the absolute 
contribution of each determinant to the measured ine-
quality. In the last step, to calculate the percentage con-
tribution, the absolute contribution of each determinant 
is divided by the CI of the health variable 

(

βkxk
µ

)

Ck/CI. 
The contribution of an X variable to the measured health 
inequality can be either positive or negative. A positive 
contribution shows that the variable would add to the 
inequality in the health variable and vice versa.

Statistical analyses were conducted using Stata MP 
13. The level of statistical significance for the tests men-
tioned was set at p < 0.05.

Results
Sample characteristics
The final sample consisted of 576 participants aged 
35–44  years and 65–74  years. The basic characteris-
tics of dental caries in the study participants are shown 
in Table 3. Nearly all (95.6%) participants reported hav-
ing dental caries experience (DMFT ≥ 1), and the mean 
DMFT score was 8.51 (95% CI 7.85/9.18). The prevalence 
rate for DT ≥ 1 was 66.1%, and the mean number of DTs 
was 2.30 (95% CI 1.94/2.66). The mean number of MTs 
was 5.35 (95% CI 4.68/6.01), and 84.6% of participants 
suffered from missing teeth. Surprisingly, only 31.1% of 

Table 3 Basic characteristics of dental caries in the study 
participants

DMFT, decayed, missing and filled teeth; DT, decayed teeth; MT, missing teeth; 
FT, filled teeth

Outcome ≥ 1 (%) Mean 95% CI

DMFT 95.6 8.51 7.85 9.18

DT 66.1 2.30 1.94 2.66

MT 84.6 5.35 4.68 6.01

FT 31.1 0.87 0.51 1.22
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participants received dental caries treatment, and the 
mean number of FTs was 0.87 (95% CI 0.51/1.22).

Concentration curve and concentration index
Figure 1 presents the concentration curves for oral health 
outcomes in the participants, and the corresponding con-
centration indices are presented in Table  4. The results 
show that significant inequality is concentrated in FTs 
(CI 0.24, 95% CI 0.14/0.33, SE = 0.05). The concentration 
indices for MT (CI 0.02, 95% CI = 0.03/0.08, SE = 0.03) 
and DMFT (CI = 0.02, 95% CI = 0.02/0.06, SE = 0.02) 
were small and close to zero, while the concentration for 
DT (CI = − 0.04, 95% CI = − 0.01/0.02, SE = 0.03) was 
not statistically significant.

Decomposition of concentration index
Bivariate analysis
Table  5 presents bivariate analysis results that explore 
the potential determinants of FT among the partici-
pants. The number of FTs was associated with the type 
of household, education level, consumption of desserts, 

time of last dental visit, use of toothpicks, reimburse-
ment for dental treatment, urban employee basic medical 
insurance system, new-type rural medical collaboration 
system and household income.

Multivariate analysis
Table 6 presents the β value from the negative binomial 
model exploring the determinants of the number of FTs 
among the study participants.

The results from Table  6 highlight several signifi-
cant predictors of the number of FTs among the study 

Fig. 1 Concentration curve of DMFT, DT, MT and FT. A Concentration curve of DFMT. B Concentration curve of DT. C Concentration curve of MT. 
D Concentration curve of FT

Table 4 Concentration index of DMFT, DT, MT and FT

CI 95% Confidence interval SE

DMFT 0.02 0.02 0.06 0.02

DT − 0.04 − 0.01 0.02 0.03

MT 0.02 0.03 0.08 0.03

FT 0.24 0.14 0.33 0.05
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participants. In particular, household income, gender, 
type of household, age, use of toothpicks, time of last- 
dental visit and urban resident medical insurance sys-
tem were positively associated with the number of FTs. 
In separate univariate analyses, variables including 
education, consumption of desserts, reimbursement 
for dental treatment, urban employee basic medical 
insurance system, and the new-type rural medical col-
laboration system were significant; however, they did 
not remain so in the multivariate analysis shown in 
Table  6. This is likely because of collinearity between 
variables. Despite this, we felt that the inclusion of all 
these variables in the multivariate model was impor-
tant to capture the full effect of socioeconomic status 
on FT inequality.

Decomposition analysis of concentration index
Table 7 presents the results of the decomposition analysis 
of the variables contributing to FT inequality. The results 
are presented as the contribution and percentage con-
tribution of each variable to the overall inequality in the 
concentration index. A positive contribution means that 
the variable increases the inequality of FT and vice versa. 
For socioeconomic-related FT inequalities, high-income 
people receive more dental fillings or low-income peo-
ple receive fewer dental fillings, which can promote the 
inequality of FTs, and the contribution of the variable will 
be positive. However, only the number of low-income 
people who received fewer dental fillings should be recti-
fied to reduce inequality. Therefore, we should combine 

Table 5 Factors associated with FT: bivariate associations

FT 95% CI P

Mean SE

Gender

Male 0.67 0.12 0.44 0.90 0.17

Female 1.07 0.28 0.52 1.61

Type of household

Non-agricultural family 1.27 0.17 0.93 1.61 0.01

Agricultural family 0.54 0.11 0.32 0.77

Age

35–39 years 1.02 0.16 0.71 1.34 0.47

65–74  years 0.71 0.24 0.25 1.18

Education

Low education level 0.34 0.05 0.23 0.44 0.04

Medium education level 0.86 0.24 0.38 1.33

High education level 1.08 0.21 0.68 1.48

Consumption of desserts

No 0.59 0.12 0.36 0.82 0.04

Yes 1.08 0.21 0.68 1.48

Consumption of sugared beverages

No 0.93 0.22 0.51 1.35 0.25

Yes 0.60 0.11 0.38 0.82

Time of last dental visit

Never visited dentist 0.06 0.03 0.00 0.12 0.00

Visited dentist 1 year ago 0.87 0.15 0.57 1.17

Visited dentist 6–12 months ago 2.03 0.49 1.06 2.99

Visited dentist within last 6 months 1.75 0.39 1.00 2.51

Tooth brushing

No 0.00 0.00 0.00 0.00

Yes 0.87 0.18 0.51 1.23

Toothpick use

No 0.58 0.12 0.33 0.82 0.01

Yes 0.97 0.22 0.54 1.39

Flossing

No 0.82 0.17 0.48 1.16 0.00

Yes 1.72 0.25 1.24 2.21

Reimbursement for dental treatment

No 0.82 0.17 0.49 1.15 0.00

Yes 2.04 0.30 1.45 2.62

Urban employee basic medical insurance system

No 0.58 0.12 0.34 0.82 0.00

Yes 1.32 0.19 0.95 1.69

Urban residents medical insurance system

No 0.85 0.19 0.48 1.21 0.76

Yes 1.01 0.20 0.63 1.40

The new-type rural medical collaboration system

No 1.23 0.14 0.95 1.52 0.00

Yes 0.45 0.12 0.21 0.69

Self-rated oral health

Self-rate oral health as low 0.85 0.24 0.37 1.33 0.43

Self-rate oral health as Medium 0.98 0.22 0.56 1.41

Table 5 (continued)

FT 95% CI P

Mean SE

Self-rate oral health as High 0.64 0.08 0.47 0.80

Oral health knowledge

Low scores on oral health knowledge 0.79 0.18 0.44 1.14 0.17

High scores on oral health knowl-
edge

1.17 0.29 0.60 1.75

Oral health attitude

Low scores on oral health attitude 0.50 0.08 0.34 0.66 0.17

High scores on oral health attitude 0.95 0.21 0.55 1.36

Chronic disease

No 0.85 0.14 0.57 1.12 0.70

Yes 0.92 0.32 0.29 1.55

Household income

Low 0.37 0.20 − 0.02 0.77 0.02

Medium 0.77 0.25 0.29 1.26

Medium–high 0.85 0.22 0.41 1.28

High 1.14 0.17 0.80 1.47
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Table 6 Multivariate analysis of determinants of FTs

Variable β P value 95% CI

Gender

Male Base category

Female 0.30 0.03 − 0.13 0.73

Type of household

Non-agricultural family Base category

Agricultural family − 0.53 0.02 − 0.99 − 0.08

Age

35–44 years Base category

65–74  years − 0.73 0.00 − 1.09 − 0.38

Education

Low education level Base category

Medium education level 0.51 0.16 − 0.30 1.32

High education level 0.25 0.55 − 0.59 1.10

Consumption of desserts

No Base category

Yes 0.03 0.36 − 0.29 0.36

Consumption of sugared beverages

No Base category

Yes − 0.26 0.19 − 0.73 0.21

Time of last dental visit

Never visit dentist Base category

Visited dentist 1 year ago 2.70 0.00 1.88 3.51

Visited dentist 6–12 months ago 3.46 0.00 2.59 4.33

Visited dentist within last 6 months 3.18 0.00 2.42 3.93

Toothpick use

No Base category

Yes 0.75 0.00 0.55 0.94

Flossing

No Base category

Yes 0.38 0.41 − 0.28 1.05

Reimbursement for dental treatment

No Base category

Yes − 0.08 0.64 − 0.61 0.46

Urban employee basic medical insurance system

No Base category

Yes − 0.45 0.13 − 1.03 0.13

Urban resident medical insurance system

No Base category

Yes − 0.78 0.01 − 1.21 − 0.35

The new-type rural medical collaboration system

No Base category

Yes − 0.91 0.18 − 1.68 − 0.14

Self-rated oral health

Self-rate oral health as low Base category

Self-rate oral health as Medium 0.00 0.51 − 0.32 0.32

Self-rate oral health as High − 0.29 0.46 − 0.52 − 0.07

Oral health knowledge

Low scores on oral health knowledge Base category

High scores on oral health knowledge − 0.20 0.46 − 0.85 0.45
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Table 6 (continued)

Variable β P value 95% CI

Oral health attitude

Low scores on oral health attitude Base category

High scores on oral health attitude 0.25 0.10 − 0.09 0.60

Chronic disease

No Base category

Yes 0.31 0.10 − 0.06 0.67

Log household income 0.04 0.04 − 0.28 0.35

Table 7 Concentration index and decomposition analyses for the number of FTs

The significant for Concentration index was set at 0.05, *P < 0.05, **P < 0.01, ***P < 0.001

Concentration index 0.24*** 100.0%

Projected concentration index 0.26 110.9%

Residual term − 0.03 − 10.9%

Variable Contributions Percentage 
contribution

Concentration index Elasticises

Gender 0.00 0.1% 0.00 0.17

Type of household 0.02 7.4% − 0.06 − 0.31

Age 0.00 − 1.1% 0.01 − 0.42

Education overall 0.01 2.2% – –

 Low education level Base Base – –

 Medium education level − 0.02 − 10.2% − 0.08 0.31

 High education level 0.03 12.4% 0.29 0.10

Consumption of desserts 0.00 1.2% 0.13 0.02

Consumption of sugared beverages − 0.01 − 2.4% 0.13 − 0.05

Last time dental attendance overall 0.23 96.8% – –

 Never visited dentist Base Base – –

 Visited dentist 1 year ago 0.06 24.9% 0.04 1.55

 Visited dentist 6–12 months ago 0.07 28.7% 0.14 0.48

 Visited dentist within last 6 months 0.10 43.2% 0.22 0.48

Toothpick use 0.02 9.4% 0.04 0.62

Flossing 0.01 3.5% 0.27 0.03

Reimbursement for dental treatment 0.00 − 0.8% 0.50 0.00

Urban employee basic medical insurance system − 0.09 − 39.6% 0.40 − 0.23

Urban resident medical insurance system 0.00 − 0.5% 0.01 − 0.12

The new-type rural medical collaboration system 0.08 34.5% − 0.20 − 0.42

Self-rated oral health overall − 0.01 − 2.1% – –

 Self-rate oral health as low Base Base – –

 Self-rate oral health as medium 0.00 0.0% 0.07 0.00

 Self-rate oral health as high − 0.01 − 2.1% 0.06 − 0.08

High scores of oral health knowledge − 0.02 − 6.5% 0.30 − 0.05

High scores of oral health attitude 0.00 0.7% 0.01 0.24

Chronic disease 0.01 3.0% 0.07 0.11

Log household income 0.01 5.1% 0.45 0.03
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the sign of the β value from the negative binomial model 
(Table  6) when we look at the contribution (Table 7) of 
certain variables.

Household income is positively associated with the 
FT number and contributes a large percentage to FT 
inequalities (5.1%). People with a high education level 
are more likely to access treatment for dental fillings and 
increase FT inequality (12.4%). Time of last dental visit 
also exacerbates FT inequality (96.8% in total). The new-
type rural medical collaboration system (34.5%) con-
tributes a positive percentage to FT inequality, while the 
urban employee basic medical insurance system (-39.6%) 
reduces FT inequality. Factors such as gender, type of 
household, consumption of desserts and sugared bever-
ages, floss, toothpicks, oral health knowledge and atti-
tudes explain only a small percentage of the inequality. 
Figure 2 presents the analysis in graphical form.

Discussion
This study provides systematic information about 
dental caries and strong evidence of large socioeco-
nomic-related oral health inequalities among adults in 
Guangdong Province. This study presents, for the first 
time, concentration indices for dental caries for adults 
in Guangdong Province. The findings indicate that oral 
health inequalities are more apparent in measures that 
reflect disease management than they are in outcome 
measures of the disease experience. The analysis shows us 

that decomposing socioeconomic inequalities into their 
specific determinants facilitates a more in-depth analysis 
of dental caries status in adults of Guangdong Province.

The high prevalence rates of caries evaluated by the 
DMFT, DT, MT, FT in the study were similar to those 
reported in Uganda [36], New Delhi [37] and a 2005 sur-
vey of China [38]. The high rates of MTs and DTs show 
that adults in Guangdong Province have poor oral health. 
A low number of FTs indicates a high rate of untreated 
DTs. Consistent with the poor oral health condition of 
these participants, this epidemiological survey found 
a lack of general oral health care behaviour. For exam-
ple, only 5.0% of participants reported using floss daily. 
Moreover, 35.1% of participants had never visited a den-
tist, which explains the low number of FTs. The results 
remind us of the importance of effective oral health care, 
such as flossing and regular oral health examinations. In 
summary, there is still many opportunities for improve-
ment in regard to oral health behaviours among adults in 
this region of China.

Social inequalities in a wide range of oral health param-
eters, both clinical and self-reported, have been docu-
mented. For example, some studies have found poorer 
self-rated oral health reported by individuals with low 
income and low education [3]. Wamala and colleagues 
reported that increased levels of socioeconomic disad-
vantage are associated with decreased use of dental ser-
vices and poorer oral health among Swedish adults [39]. 

Fig. 2 Decomposition analysis of contribution to FT inequality. Graphical representation of CI and decomposition analysis: positive contributions 
(right column) and negative contributions to inequality (left column)
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Household income and educational level are significantly 
associated with periodontitis and edentate status in 
elderly people [40, 41]. Our findings support the stand-
point of the previous study. The CI of FTs was particu-
larly prominent compared with those of the DMFT, DT 
and MT, which indicated greater inequalities in dental 
caries treatment than in caries experience in Guang-
dong Province. The lower social status did not necessar-
ily translate into higher disease experience (i.e., DMFT); 
however, it was associated with the nature of dental treat-
ment reported to have been received in the past year. The 
low rates of dental visits among the study participants 
may explain the phenomenon. Therefore, determining 
specific determinants leading to dental treatment ine-
qualities and providing greater access to dental care for 
lower-income populations is necessary.

Factors such as household income and high education 
level increase inequalities and play a large role in explain-
ing inequalities in the number of FTs among adults in 
Guangdong Province. This finding was similar to that of a 
previous study that reported social gradients with respect 
to untreated dental disease in both children and adults 
[7]. It is interesting to note that compared with a low 
education level, a high education level increases the ine-
quality of FTs, while a medium education level reduces 
the inequality. Further analysis shows that this is because 
the concentration index of the medium education level 
tends to be concentrated in low-income groups (con-
centration index = − 0.08), and the low-income groups 
with medium education likely obtain more dental fillings. 
This finding indicates that universal basic compulsory 
education seems to promote equality in regard to dental 
caries filling. Education level is a predictor of health out-
comes and influences individual and social levels [42]. It 
is possible that adults with basic compulsory education 
or higher education levels have greater awareness of self-
health, access to resources, and understanding of how to 
navigate the health care system [43]. The analysis reports 
associations at one point in time; however, the issues of 
access, use, and treatment are repeated in the life course, 
leading to inequalities in oral health outcomes later in 
life. Therefore, the inequality of oral health resources is 
an urgent problem to be addressed. This finding reminds 
us of the importance of improving the overall national 
economy and education level to enable low-income 
groups to obtain more and accessible oral health care 
resources.

To reconstruct the public medical insurance system 
and widen insurance coverage to universal coverage, the 
Chinese government developed the following medical 
safeguard systems for its citizens: the urban employee 
basic medical insurance for the urban employed, which 
was initiated in 1998; the new-type rural collaboration 

medical system for rural residents, which was established 
in 2003; and the urban resident basic medical insurance, 
which was piloted in 2007 and covers urban residents 
without formal employment [44]. Additionally, China 
achieved universal health coverage for over 95% of its 
population in 2011 with benefits that include prevention 
and comprehensive treatment services [45]. In this study, 
the new-type rural medical collaboration system contrib-
uted a positive percentage to FT inequality. The results 
indicated that people in the new-type rural medical col-
laboration system (low-income group) were not eligible 
to access necessary oral treatment, which widened the FT 
gap between people with or without the new-type rural 
medical collaboration system. Urban employee basic 
medical insurance contributed a negative percentage to 
FT inequality. Thus, it seemed that urban employee basic 
medical insurance was a measure to reduce inequality. 
However, further analysis found that urban employee 
basic medical insurance was negatively associated with 
the number of FTs, which means that it reduced inequal-
ity because people with that insurance (high-income 
group) are also less likely to access dental care treatment. 
The findings indicated that, at present, all medical safe-
guard systems in China fail to encourage people to use 
medical resources and reduce income-based disparities 
in oral health. A previous study [46] also reported that 
oral health care in China is delivered by a large govern-
ment-controlled public sector, with over 85% of the total 
expenses covered by patients’ out-of-pocket payments. 
In recent years, the numbers of dentists and oral health 
service providers have increased, although oral health 
services are not being utilized efficiently [47]. The study 
indicated that the Chinese health care insurance system 
is intended to improve access to affordable health care for 
all and to alleviate inequalities in access to care that exist 
among rural residents and low-income households.

The current study had several limitations. First, oral 
health outcomes and relevant inequalities are caused by 
multiple factors. However, the current study discussed 
only some of these factors. Second, reporting bias existed 
in questionnaires because of the different levels of com-
prehension among participants. Therefore, our results 
should be interpreted considering these limitations.

The strengths of the current study are as follows. First, 
the analyses distinguished between the occurrence and 
the management of dental caries, and it found that den-
tal caries inequality centres on FTs. Second, the study 
used the concentration index and decomposition analy-
sis to establish the determining factors associated with 
the inequality of FTs. Finally, given the national debates 
about dental caries inequality, these results can provide a 
basis for discussion about measures to reduce oral health 
inequalities. Future research about reducing oral health 
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inequality should focus on how to implement appropri-
ate, targeted education programs directed at all socio-
economic groups, regardless of wealth and education. 
Meanwhile, health care reform should aim to improve 
access to affordable health care for all residents, espe-
cially rural residents and low-income households.

Conclusions
The study findings indicate that oral health inequalities 
may centre on dental disease management as opposed 
to dental disease experience and that a lower social posi-
tion may not necessarily translate into a higher disease 
experience.

The results of the decomposition analysis of FT ine-
quality indicated that among the studied factors, house-
hold income, education level, and regular oral health 
examinations have the greatest contribution to the ine-
qualities in the number of FTs. More importantly, the 
current medical insurance systems are not being effec-
tively used in oral treatment. Therefore, health care 
reform should focus on enhancing subsidies for the 
lower-income groups to improve the treatment rates and 
narrow the inequality of oral health. These conclusions 
may be very useful in policy-making and in the imple-
mentation of interventions for tackling socioeconomic 
inequality in the number of FTs.
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