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Abstract

Background: The aim of this study was to assess the income-related inequality of edentulism among the aged in
China and identify the contributing factors.

Methods: A secondary analysis of data from the 4th National Oral Health Epidemiology Survey in China was con-
ducted, and 65-74 years old were selected for the analysis of income-related inequality of edentulism. The concentra-
tion curve, Concentration index (Cl) and Erreygers-corrected concentration index (El) were used to represent inequal-
ity and its degree qualitatively and quantitatively, respectively. A decomposition method based on probit model was

the inequality.
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employed to determine the contributors of inequality, including demographic factors, income status, oral health-
related knowledge, attitude and practices and self-perceived general health status.

Results: In China, aged people with edentulism were concentrated in the poor. The Cl was — 0.2337 (95%
Cls: —0.3503,—0.1170). The El was — 0.0413 (95% Cls: — 0.0619, — 0.0207). The decomposition results showed that
income (75.02%) and oral health-related knowledge, attitude and practices (15.52%) were the main contributors to

Conclusion: This study showed that pro-poor inequality among the elderly with edentulism existed in China. Cor-
responding policies against the contributors could be considered to promote the health equality of the elders.

Background
Edentulism, the complete loss of all natural teeth, is con-
sidered a cumulative and end result of dental diseases
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[1]. Among the edentulous, the nutrition will be com-
promised since they cannot chew efficiently [2]. Speaking
unclearly and facial sagging may affect communication
and even produce inferiority, compromising the quality
of life [3—6]. Furthermore, edentulism has also been asso-
ciated with general health such as cardiovascular diseases
and cognitive impairment [7-9]. Edentulism and severe
tooth loss remains a large oral disorder disability burden
globally [10]. As an important and comprehensive indica-
tor of oral health, especially for the elderly, tooth loss is
monitored globally as an effective marker of population
oral health [11].
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Against the aging of the population, there will be
400 million people aged 65 and older by 2050 in China
[12]. Despite the situation of edentulism among the
elderly in China has improved compared with 10 years
ago [13], we are still faced with great challenges for
medical care of the elderly. Studies have shown the
significant association between edentulism and socio-
demographic characteristics [14—16], health behaviors
[14, 15, 17, 18] and self-rated general health [19, 20].
Furthermore, socioeconomic status is also significantly
associated with oral health behaviors [21-23].

Health equality refers to that the distribution of
health should be need-oriented rather than depends
on social privileges [24]. However, socioeconomic gra-
dient in edentulism has been found in developed and
developing countries [15, 25—27], but there exist scant
researches on measuring and decomposing socioeco-
nomic inequality related to edentulism globally.

The concentration curve and the concentration index
(CI) are one of the most common ways to measure ine-
qualities and decomposition method helps to monitor
and understand the determinants of inequality [28].
Using the data from the 4th National Oral Health Epi-
demiology Survey (NOHES) conducted in 2015-2016,
the purpose of this study was to measure the income-
related inequality of edentulism among aged people in
China and then decompose socioeconomic inequality
in edentulism to determine the relevant contributing
factors providing basis for formulating corresponding
policies.

Methods

Data

The 4th NOHES was a cross-sectional study covering
31 provinces, autonomous regions and municipali-
ties adopting a multistage, stratified, equal volume and
random sampling method. Oral health examinations
and oral health-related questionnaires were conducted
according to the standards of World Health Organiza-
tion (WHO) [29]. The specific research methods have
been described in detail in the previous study [30]. The
study protocol was approved by the Stomatological
Ethics Committee of the Chinese Stomatological Asso-
ciation (No. 2014-003).

The data of 65-74 years old (N=4431) were selected
for analysis. A sample of 3463 participants remained after
exclusions of those with missing or abnormal values of
household income (n=965) and missing values of fam-
ily scale (n=3). Based on the data from the 6th National
Census in 2010 [31], the samples were post-stratified by
province, area (urban or rural) and gender. The standard
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survey weights were then calculated to obtain an unbi-
ased estimate of the overall population [32, 33].

Variables

A binary outcome variable- edentulism was created based
on the oral examination (O:number of natural teeth remain-
ing>0; l:number of teeth remaining=0). As per previous
studies [14—20], determinants of edentulism included demo-
graphic factors (gender, area and educational attainment),
annual household income per capita, oral health knowledge,
attitude and practice (oral health knowledge, attitude, smok-
ing status, dental service utilization and medical insurance)
and self-perceived general health. Educational attainment
levels were divided into 3 groups: low group (junior high
school and below), medium group (medium-technical sec-
ondary school and senior high school) and high group (jun-
ior college and above). Annual household income per capita
were also categorized into quintiles according to the sample
frequency. Oral health related attitude was define as nega-
tive (correct answers<3 questions in 4) or positive (correct
answers > 3 questions in 4); Oral health related knowledge
was defined as low (correct answers<5 questions in 8) or
high (correct answers > 5 questions in 8).

Measuring inequality

The concentration curve and concentration index (CI)
[34] were used to measure the degree of income-related
inequality in edentulism among the elderly.

First, the participants were ranked according to
annual household income per capita, and the preva-
lence of edentulism was calculated. Then, the relation-
ship between the prevalence of edentulism and income
level was preliminarily analyzed by Chi-square test. On
this basis, a concentration curve was formed by plotting
the cumulative proportion of edentulism in the popula-
tion (Y-axis) against the cumulative population (X-axis)
ranked by socioeconomic factors from the poorest to the
richest. If the distribution of edentulism was perfectly
equal among individuals, the result would be a 45-degree
line (the equality line). If there existed inequality, the
concentration curve would lie between the X- and the
Y-axis and the equality line. The CI was equal to 2 times
the area between the concentration curve and the equal-
ity line. The inequality of edentulism was pro-poor when
the index was negative, and the concentration curve was
above the equality line. The positive index indicated pro-
rich inequality with the concentration curve below the
equality line. CI is defined as follows:

2
Cl = —cov(y, r
5 ()
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where ¥ is the mean of the health outcome variables-
edentulism, and r is the fractional rank of individuals in
the personal income distribution.

However, Erreygers [35] pointed out that when the
outcome variable was binary, the value of the index
was arbitrary to a large extent and proposed to solve
this issue by adjusting the original index using the
mean, minimum and maximum value of the outcome
variable. Considering that, Erreygers-corrected con-
centration index (EI) is preferred to measure inequal-
ity of edentulism. And the natural log of the annual
household income per capita was used to calculate EI
EI can be written as follow:

4y

Ymax — Ymin

El = CI

where ¥,,.x and ¥, represent the upper and lower limits
of edentulism respectively. Therefore, it can be simplified
as:

El = 8001/()/, r)

where y is the health outcome variables- edentulism,
and r is the fractional rank of individuals in the personal
income distribution.

Decomposing inequality

Decomposition analysis examines the contribution of
personal factors to income-related inequality among the
elderly [36]. A probit model was used for the decompo-
sition of the EI and factors associated with the inequal-
ity of edentulism were mainly classified into 4 sources: (i)
demographic factors, (ii) income, (iii) oral health knowl-
edge, attitude and practice and (iv) self-perceived general
health status. Each contribution shows how much varia-
tion of the determinant across income level can explain
the observed association between income and edentu-
lism. [36]. Positive contribution rate indicates that the
variable would add the inequality in health variable and
vice versa. For decomposition, EI can be expressed as
follow:

El =4 % (Z (B'%k) Cr + GCs/y>

k

where x is the mean of the determinants included in the
decomposition analysis, ;" is the marginal effect evalu-
ated at the sample means, Cy is the concentration index
of the determinants, and GC; is the generalized concen-
tration index of the error term e.
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Sensitivity analysis was conducted to assess the robust-
ness of the decomposition model by changing reference
groups [37].

All statistical analyses were conducted by STATA 15
(STATA Corporation, College Station, TX).

Table 1 Descriptive characteristics of participants

Variables Poststratification data

Proportion (%) 95% Cls
Edentulism
No 95.58 (94.22,96.64)
Yes 442 (3.36,5.78)
Gender
Male 4993 (49.04, 50.83)
Female 50.07 (49.17,50.96)
Area
Urban 4292 (36.69, 49.39)
Rural 57.08 (50.61,63.31)
Educational attainment level
Low 84.72 (81.69, 87.33)
Medium 10.67 (9.00, 12.59)
High 461 (3.30, 6.40)
Income
Tst quintile 21.87 (17.42,27.08)
(poorest)
2nd quintile 18.99 (15.92,22.50)
3rd quintile 20.28 (17.77,23.05)
4th quintile 20.74 (17.94, 23.84)
5th quintile 18.12 (14.66, 22.19)
(richest)
Smoking
Yes 25.54 (23.55,27.64)
Never 61.18 (5940, 62.94)
Quit smoking 13.28 (12.00, 14.67)
Perceived general health
Very poor/poor 18.80 (16.17,21.76)
Fair 44.27 (41.21,47.38)
Good/ very good 36.93 (33.54,40.45)
Dental service utilization in the past 12 months
Yes 20.81 (18.7,23.10)
Never 79.19 (76.90, 81.30)
Attitude
Low 22.32 (18.82,26.25)
High 77.68 (73.75,81.18)
Knowledge
Low 54.52 (49.85,59.11)
High 4548 (40.89, 50.15)
Medical insurance
No 1.82 (1.25,2.64)
Yes 98.18 (97.36,98.75)
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Fig. 1 Distribution of edentulism by income among the elderly aged 65-74 in 2015 (Chi-square test was applied. P < 0.01)
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Fig. 2 Concentration curve for edentulism among the elderly in 2015
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Table 2 Concentration indices for edentulism by income
among the elderly in China in 2015 (N=3463)

Status of tooth loss (d El

Edentulism —0.2337" —00413"

95% Cls (—0.3503,—0.1170) (—0.0619,0.0207)
***¥P<0.001

Results

Table 1 illustrates the descriptive characteristics of peo-
ple sampled into the survey. The prevalence of edentu-
lism was 4.42% (95% Cls: 3.36—5.78%).
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Figure 1 shows a clear socioeconomic gradient for the
prevalence of edentulism by income among people aged
65-74 in 2015 (P < 0.01).

The concentration curve shown in Fig. 2 was above
the equality line, indicating that edentulism is concen-
trated mainly in the poor. Table 2 exhibits that the CI
and EI of edentulism among the elderly (65-74 year-
olds) were —0.2337(95% CI:—0.3503,—0.1170)
and —0.0413(95% CIL: —0.0619, 0.0207) respectively.
Both CI and EI are negative, which were consistent with
concentration curve.

Table 3 Decomposition of Inequality in lack of functional dentition by income among the elderly in China in 2015 (N =3463)

Variables Elasticity Concentration Indices Contribution %
Demographic variables 11.61
Gender

Male Reference

Female 0.0615 —0.0057 —0.0003 084
Area

Urban Reference

Rural 0.0192 —0.0925 —0.0018 431
Educational attainment level 6.46
Low Reference

Medium —0.0005 0.3944 —0.0002 0.46
High —0.0036 0.6968 —0.0025 6.00
Income’ — 04664 0.0664 —0.0310 75.02
Knowledge, attitude and practices 15.52
Smoking 1.96
Yes Reference

Never —0.0471 0.0212 —0.0010 242
Quit smoking 0.0023 0.0827 0.0002 —046
Dental service utilization in the past 12 months

No Reference

Yes —0.0095 0.2017 —0.0019 462
Attitude

Negative Reference

Positive —0.0725 0.0254 —0.0018 446
Knowledge

Low Reference

High —0.0371 0.0508 —0.0019 4.56
Medical insurance

No Reference

Yes 0.0505 0.0007 <0.0001 —0.08
Perceived general health —6.16
Very poor/poor Reference

Fair 0.0250 0.0040 0.0001 —0.24
Good/very good 0.0266 0.0919 0.0024 —592
Residual —0.0017 4.01

# Natural log of annul household income per capita was calculated in the regression

Primary categories of contributing facotrs are in bold and aggregated contribution of each primary category is in bold
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Table 3 presents the decomposition of inequality in
edentulism by income among the elderly. Undoubtedly
income (75.02%) was a major contributor to the inequal-
ity of edentulism for the elderly. The second-largest con-
tributor was oral health attitude, knowledge and practices
(15.52%). All behaviors beneficial to oral health (never/
quit smoking, visiting the dentist in the past 12 months,
positive attitude, high knowledge and having medical
insurance) were concentrated in the rich. Demographic
characteristics (11.61%) and self-rated general health
status (—6.16%) did not contribute much to the results.
However, the latter one had a negative contribution to
the inequality, suggesting it reducing the inequality of
edentulism. Results were robust in the sensitivity analysis
(see Additional file 1).

Discussion

In recent years, numerous studies about the socioeco-
nomic-related inequality of oral disease sprang up, dis-
closing the phenomenon that the marginalized people
suffer from the oral disease disproportionally [38—40].
This study is the first to comprehensively use data from
the 4th NOHES to evaluate and decompose the socio-
economic inequality of edentulism among Chinese elders
mainly measuring such inequality related to income.

The prevalence of edentulism among the participants
is relatively low compared to other countries [25, 26,
41]. Given the low oral health care utilization over adult
in China [22], it is speculated to be related to the situa-
tion that the residual crown or roots not worth preserv-
ing remained unextracted. As the positive association
between age and edentulism [14], the age range of differ-
ent studies should also be considered.

Socioeconomic condition is a broad concept including
income, occupation, level of education and so on [42].
Considering the age of participants (65—74 years old) and
the year of the investigation (2015), most of them were
born in 1950s. They spent childhood and the early adult-
hood before the issue of the Compulsory Education Law
in 1986. As a result, 84.72% of the elders were with junior
high school or below. Therefore, income was chosen to
measure the socioeconomic condition in this study.

The EI with negative value indicated that there was
pro-poor inequality in edentulism among the elderly.
The socioeconomic gradient observed in this study was
consistent with previous studies [1, 16, 26, 27], although
there was considerable variation in the magnitude of ine-
qualities in edentulism across these countries. It might be
due to the difference of analysis approaches, age groups
and extent of income inequality in the studies.

The decomposition of the result revealed that income
made great contributions to the pro-poor inequality in
edentulism among the elderly, which is in consistency
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with previous studies [1]. Also, Seerig et al. analyzed the
relationship between income and tooth loss in 11 studies
and demonstrated that lower level of income presented
a greater chance of tooth loss [42]. Previous studies have
indicated possible explanations. First, income inequality
may lead to the reduction of investment on the public
health resources such as water fluoridation [42, 43]. Sec-
ondly, the percentage of routine expenditure on health
care is low among the low-income group and the dental
expenditure is still a tiny fraction in terms of the health
care payments in China [44]. Besides, studies showed
that people with low incomes tend to neglect health-
related behaviors such as smoking and regular health
care [21, 22, 45]. Based on the 4th NOHES in China, we
found out that dental service utilization disproportion-
ately concentrated in better-off adults [22]. In addition,
financial constraints are closely related to the type of den-
tal treatment provided. Lower-income group may prefer
tooth extraction, while higher-income group tend to reg-
ular dental appointments and conservative dental treat-
ment with a greater number of retained teeth [46, 47].
Also, low-income population usually suffer more stress
in life. Tooth loss may be influenced by “stress-induced
oral-health-related behaviors” and psychological effects,
which may be related to tooth retention [48]. Generally
speaking, inaccessible dental care, unaffordable dental
cost and treatment-focused approach may be account for
the inequality especially for low income group. Therefore,
oral health care system may shift to a teamwork to meet
needs of all population and be integrated with primary
health care system to decrease health inequality.

Oral health knowledge, attitude and practice were
also important factors for the inequality. Oral health
literacy is closely related to an individual’s capacity
to obtain, process, interpret or understand basic oral
health information and make appropriate decisions on
oral health care promotion, prevention, and utilization.
It has been found to play a mediating effect between
socioeconomic factors and tooth loss. Oral health lit-
eracy not only affect tooth loss directly, but also have
an indirect influence on tooth loss through oral health
practices. People with low oral health literacy are more
likely to brush teeth less, go to the dentist irregularly
and have less preventive consultation, which may result
in worse oral health outcomes [18]. Efforts should be
made to improve oral health literacy to reduce oral
health disparity and promote oral health. Oral health
practices are also influenced by the social environment-
a complex of family/household, peers, class, neighbor-
hood, workplace, ethnicity, societal structure and so
on [49]. Under a behavioral ecology perspective, Nettle
put forward a model that for people with low socioeco-
nomic status, the lower investment in healthy behaviors



Du et al. BMC Oral Health (2022) 22:215

is the adaptive adjustment according to their own situ-
ation [50]. Therefore, for the poor, primary oral health
care based on legislative or economic incentives may be
effective in reducing health inequality.

Though the educational level did not make much con-
tribution to the inequality of edentulism in the study,
studies have disclosed the association between education
and tooth loss [16, 26, 51]. And Yusuke Matsuyama et al.
provided causal evidence on the effects of education on
oral health outcomes including edentulism [52]. Educa-
tion may not only have an impact on health due to its
impact on improving health-related behaviors through-
out adult life directly [53, 54], but also have an indirect
effect by providing better employment opportunities,
higher income and better living conditions. Thus, invest-
ing more resources to develop the coverage rate for com-
pulsory education is essential.

In our study, good self-rated general health and dentate
group were more prevalent among the higher income
population and self-rated general health reduced the ine-
quality of edentulism. Studies suggest that there is a neg-
ative association between the prevalence of edentulism
and self-reported general health [19, 20]. Poor general
health have been found to be associated with more den-
tal visit [55, 56]. Therefore, poor self-experienced overall
health may have a positive effect on tooth remaining for
low-income population by improving dental care utiliza-
tion among them, which suggests that we should focus
on the prevention and control of general health.

The rest of the inequality was the residual component
of the EI, implying that there was some inequality in
edentulism which could not be explained by the determi-
nants mentioned above.

The advantages of this study are as follows: first, it
used national data from the 4th NOHES in China, which
covered a wide range of areas adopting international
advanced standards in terms of its contents, methods
and standards. Second, research in this field in China
is limited, and this study presents essential evidence of
inequality in edentulism among the aged population in
China providing a basis for future research. Finally, our
study used concentration curves, CI and EI to measure
the degree of income-related inequality in edentulism
among the elderly and then established a decomposi-
tion model to identify relevant factors contributed to this
inequality, providing related theoretical basis for govern-
ment policy-making.

Some limitations of this study must be considered.
First, the findings were based on cross-sectional data, so
the causal relationship cannot be determined between
edentulism and associated variables in the elderly. There-
fore, these findings should be interpreted cautiously.
Second, the data of the questionnaire were derived
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from self-reports. Thus, recall bias may cause inaccu-
rate results. In addition, socioeconomic factors other
than income (e.g. education, wealth and occupation)
were not assessed. Finally, with the increase of life expec-
tancy, the average life expectancy of the Chinese popula-
tion has exceeded 76 years old in 2015[57]. However, the
participants of this study only included the elderly aged
65—74 years. In the future, we could expand the age range
to study the socioeconomic inequality of edentulism
among the elderly more comprehensively. Despite the
limitations, our results indicate a relationship between
income and edentulism among the aged in China. Fur-
ther investigations with a longitudinal design and broader
socioeconomic status measurements adopting life course
approach are encouraged to confirm our findings.

Conclusions

In summary, this study proved that there is a pro-poor
inequality in edentulism among the elderly in China.
Income status and oral health knowledge, attitude and
practice are the main factors contributing to this ine-
quality. This study offers policymakers information on
contributing factors of inequalities on edentulism in the
elderly in China. Dental care systems should focus more
on promoting and maintaining oral health to achieve
greater oral health equality.
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