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Abstract 

Background: In the Chinese population, the middle-aged and older adults are the two main segments that utilize a 
large portion of healthcare. With the fast growth of the two segments, the demands of healthcare services increases 
significantly. The issue related to inequality in utilization of healthcare emerges with the growth and it deserves more 
attention. Most existing studies discuss overall inequality. Less attention is paid to inequality among subdivisions, that 
is, relative inequality. This study focuses on the inequality of healthcare utilization among the homogeneous popula-
tion and the inequality of the full samples in China.

Methods: Data were obtained from four waves of the China Health and Retirement Longitudinal Study (CHARLS): 
2011, 2013, 2015 and 2018. First, the Concentration Index (CI) was used to measure the inequality of outpatient, 
inpatient and preventive care for the samples, and regression analysis was applied to decompose the contributing 
factors of inequality. Then SOM is introduced to identify homogeneous population through clustering and measure 
the inequality in three types of healthcare utilization among homogeneous population. Based on this, the difference 
between absolute inequalities and relative inequalities was discussed.

Results: The preventive care is shown to have the highest degree of inequality inclined to the rich and has the larg-
est increase (CI: 0.048 in 2011 ~ 0.086 in 2018); The inequality degree in outpatient care appears to be the smallest 
(CI: -0.028 in 2011 ~ 0.014 in 2018). The decomposition results show that age, education, income, chronic disease and 
self-reported health issues help explain a large portion of inequality in outpatient and inpatient care. And the contri-
bution of socioeconomic factors and education to the inequality of preventive care is the largest. In regards to three 
types of healthcare among the homogeneous population, the degree of inequality seems to be higher among group 
with high socioeconomic status than those with lower socioeconomic status. In particular, for the people who are in 
the high socioeconomic group, the degree of inequality in preventive care is consistently higher than in outpatient 
and inpatient care. The inequality degree of preventive care in the low socioeconomic status group varies significantly 
with the flexibility of their response to policies.
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Background
Health is a basic right of the citizens [1]. In terms of pub-
lic policy, equal access to medical resources is a key fac-
tor in realizing the right to health [2]. China’s healthcare 
resources have long faced the issues concerning uneven 
access and partial distribution, which are manifested in 
the high-cost of receiving healthcare [3, 4]. It hinders 
people from pursuing the right to health and causes une-
qual utilization of healthcare. Achieving health equality 
and improving the availability and affordability of health-
care are the goals that the Chinese government has been 
striving for, and it is also the state of healthcare resource 
supply that people expect. According to recent govern-
ment reports, the Healthy China Strategy was raised to 
the level of national priority, and a series of policies were 
issued as the effort to achieve the goals of “health for 
all” and “comprehensive health” [5]. It should be noted 
that, as it is important to address the needs of the over-
all population, directing special attention to disadvan-
taged groups which is in low socioeconomic status. It is 
the key to ensure equality [6] in healthcare services. The 
elderly, as a group most in need of medical resources, 
should receive attention. And as China’s aging popula-
tion grows rapidly, by 2040, the older adults aged 65 and 
over will exceed 20% of the nation’s population. The early 
twenty-first century will be the fastest-growing period of 
China’s population aging [7]. This poses a challenge for 
the elderly to use healthcare resources equally.

In 2009, China officially launched a policy called the 
New Health Care Reform (NHCR). The goal of the ini-
tiative was to offer safe, effective, convenient and afford-
able healthcare for the Chinese people. NHCR reforms 
touch on four aspects of the healthcare system: essential 
drug management, healthcare services process manage-
ment, health insurance, and hospital management. Spe-
cific measures include an introduction of a zero-markup 
sales policy for essential drug prices, the establishment of 
a two-directional referral system, the expansion of health 
insurance coverage, the unification of the basic health 
insurance system for urban and rural residents, and the 
establishment of a public welfare-oriented assessment 
and evaluation mechanism in hospitals. However, these 
measures are still ineffective to completely solving the 
problem of “expensive healthcare”. And as more people 
are included in the medical insurance plan, demands for 

healthcare services increased dramatically as a result [8]. 
During the period between 2010 and 2018, the number 
of patients increased significantly in three healthcare 
services. The increased percentages are: outpatient care, 
58.6%, inpatient care, 79.6%, and preventative care, 50.2% 
[9]. However, whether the sharp increases mean that 
NHCR alleviated the health burden and eased the ine-
quality in the use of medical resources needs to be fur-
ther investigated.

The measurement of equality in the healthcare field 
generated a fair amount of research interests, and it is 
also a subject to which citizens and governments should 
pay more attention. Related researches are divided into 
two categories. One is the research on influencing fac-
tors. Some researchers found that residential location 
[10], austerity measures of national health expenditure 
[11], socioeconomic level [12], expenditure and edu-
cation [13] have a greater impact on the inequality in 
healthcare resources utilization. Other scholars found 
that unequal utilization of healthcare resources can cause 
differences in health [14] and even affect mortality [15]. 
Studies in the second category focus on the measurement 
of inequality. Different types of healthcare resources are 
measured, such as health inequalities during the COVID-
19 pandemic [16], inequality in the use of oral cavity 
healthcare [17], and inequality in socioeconomic and 
health financing in maternal mortality [18], etc. The per-
spective of inequality measurement is threefold: one is 
to measure the current status [19]; the second is a com-
parative analysis based on before and after the policy is 
implemented [20]; the third is based on time series to see 
the evolution [21]. Most of the above-mentioned stud-
ies found that there is clear inequality in healthcare ser-
vices due to economic inequality which is called absolute 
inequality. However, few studies considered whether ine-
quality exists among homogeneous people and what its 
development trend is. Homogeneous groups are groups 
that are divided based on some indicators and are the 
same or similar in some respects [22].

The factors in existing studies can be used to meas-
ure the economic homogeneity group are income 
[23], expenditure [24] and living conditions [25]. 
These factors can all identify the financial capacity to 
pay for medical expenses. But most studies use only 
one of the economic indicators to classify healthcare 

Conclusions: Key policy recommendations include establishing a health examination card and continuously improv-
ing the fit of free preventive care with the needs of the middle-aged and older adults; developing CCB activities to 
avoid people’s excessive utilization in the high socioeconomic status group or insufficient utilization in the low socio-
economic status group; reasonable control of reimbursement and out-of-pocket payments.
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utilization population. Such a single-variable analysis 
cannot fully measure the financial capacity of an indi-
vidual to cover medical expenses. The introduction of 
the concept of homogeneous population in this study 
may help improve the single-variable-based meas-
urement of the economic differences. And we must 
admit that healthcare is a limited right, and inequal-
ity will definitely exist. Maintaining relative equal-
ity and a certain degree of flexibility in the healthcare 
system is the key to measuring the success of univer-
sal healthcare  (UHC) [26]. And the world faces mul-
tiple health financing challenges as the global health 
burden evolves. While countries prioritize UHC cov-
erage under the Sustainable Development Goals [27]. 
However, making the limited capital investment play 
a greater equality value needs to be paid attention 
to. Especially, in developing countries, the per capi-
tal level of government funding is at a low level. For 
example, the per capita level of government funding 
at $25 in Zimbabwe is well below the Chatham House 
estimated $86 needed to provide an essential benefit 
package [28]; India is also at comparatively low levels 
of health spending [29], and the elderly population is 
costlier to support for their healthcare needs in the 
future [30]. Thus, for low or middle-income coun-
tries, the equity value brought about by limited health 
spending is more important. And many developing 
countries are moving towards UHC [31]. So under the 
circumstance of limited health expenditure, achiev-
ing equal utilization of healthcare among homogene-
ous population proposed in this study is an alternative 
direction, especially for developing countries that can-
not provide high-welfare medical services due to eco-
nomic development (such as GDP) [30]. And similar 
studies can be conducted in other countries to identify 
inequalities among homogeneous population.

This study takes the middle-aged and older adults 
in China as the research object. First, we measure the 
inequality in outpatient utilization, inpatient and pre-
ventive care based on the samples. Then, self-organ-
izing maps (SOM) were introduced into the analysis 
combined with the concentration index (CI) method. 
Based on the socioeconomic level clustering of the 
samples, CI was used to measure the degree of inequal-
ity in the homogeneous population. And then achieve 
the following three goals: to clarify how the inequality 
trend of the use of different types of health care among 
middle-aged and elderly people develop; to explore the 
factors that affect inequality; to compare the inequal-
ity degree among the homogeneous population and 
clarify its relationship with the inequality degree in the 
samples.

Methods
Data sources
The study sample was drawn from four waves (2011, 
2013, 2015 and 2018) of the China Health and Retire-
ment Longitudinal Study (CHARLS). The CHARLS 
aims to collect a set of high-quality micro-data repre-
senting the families and individuals aged 45 and above 
in China. Its national baseline survey was launched in 
2011, covering 150 county-level units, 450 village-level 
units, and about 17,000 participants  in 10,000 house-
holds through the PPS sampling method. The question-
naire response rate was 80.51%. Therefore, the sample 
is nationally representative. And these households were 
re-surveyed after two or three years. The questionnaire 
contains demographic background, family structure, 
employment status, retirement and pension status, 
household expenditures, and health information.

This study aims to study the changes in the healthcare 
inequality and contributing factors for the middle-aged 
and older adults in China, so it is necessary to delete 
samples with a missing variable. Finally, in four waves, 
2,098 samples from 2011 were retained; 4,460 samples 
from 2013 were retained; 4,449 samples from 2015 were 
retained; 4,503 samples from 2018 were retained.

Standardization of healthcare service utilization
Differences in demographic characteristics, economic 
level, and health status of respondents will directly 
affect their healthcare services utilization. And the 
CHARLS questionnaire has time limits when asking 
about the use of healthcare resources. Indirect stand-
ardization of healthcare resource utilization before 
measuring utilization inequality can better reflect the 
current status of healthcare resource utilization of 
the samples. In this paper, the indirectly standardized 
equation is set as logistic regression by referring to the 
research of other scholars [32–34] and analyzing the 
characteristics of the CHARLS sample, as follows:

In the model, the dependent variable represents the 
probability of healthcare resource utilization. lnincome 
represents the income level of the sample,  xk represents 
the sample healthcare demand variable, that is, vari-
ables that affect the medical resources utilization, and 
 zp represents other control variables. α, β, γ, δ repre-
sent the coefficients of the corresponding variables, and 
ε represents the random error term. Using the above 
equation to obtain the predicted value represents the 
healthcare services utilization.

(1)

logit(
pi

1− pi
) = α + β ln incomei +

k

γkxki +
p

δpzpi + εi
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Concentration index and decomposition
This study aims to examine the inequity in the use of 
healthcare services among groups with similar socio-
economic levels and samples. Thus, the CI and decom-
position analysis are carried out on samples and 
homogeneous groups respectively. For computation, a 
more convenient formula for the concentration index 
defines it in terms of the covariance between the health 
variable and the fractional rank in the living standards 
distribution [35–38]. Where  hi is the health sector vari-
able, µ is its mean, and  ri = i/N is the fractional rank of 
individual i in the living standards distribution, with i = 1 
for the poorest and i = N for the richest. The index is 
bounded between -1 and 1, with an index of 0 equivalent 
to perfect equality. A positive C signifies that a health 
or healthcare variable is more concentrated among the 
richer populations and vice versa [39].

Next, we will explain how such inequality can be 
explained through the decomposition of the CI. Wagstaff 
demonstrates that the health CI can be decomposed into 
the contributions of individual factors to income-related 
health inequality, in which each contribution is the prod-
uct of the sensitivity of heath with respect to that factor 
and the degree of income-related inequality in that factor 
[40]. It can be calculated by the linear additive regression 
model, the formula is as follows:

the concentration index for y, C, 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(defined analogously to C), 
and  GCε is the generalized concentration index for the 
error term (ε). Eq. (4) shows that C is equal to a weighted 
sum of the concentration indices of the k regressors, 
where the weight for xk is the elasticity of y with respect 
to xk(ηk = βk

xk
µ
) . The residual component captured by 

the last term reflects the income-related inequality in 
health that is not explained by systematic variation in 
the regressors by income, which should approach zero 
for a well-specified model. Then we calculated the per-
centage contribution of each regressors (100Qk /C). Of 
note, the negative and positive contributions may cancel 
out in the aggregate and the percentage contribution of 
the regressors and error term sum would be 100%, so the 

(2)C =
2

µ
cov(h, r)

(3)y = α +

∑
k
βkxk + ε

(4)C =

∑
k
(βkxk/µ)Ck + GCε/µ

percentage contribution of several regressors may repre-
sent large positive and negative contributions, even over 
100%.

Inequalities in health or healthcare are associated with 
demographic factors, health state, economic level, insur-
ance, medical distance and work state. This study will 
analyze the contribution of inequality through these 6 
types of variables. Coindex command in STATA 15.0 was 
used to calculate the CI. Then the factor specific elastic-
ity, concentration indices, and contributions in Eq.  (4) 
can be computed and displayed with the loop statement.

Self‑organizing maps
Relying on basic descriptors of wealth such as median 
household income does not always provide sufficient 
nuance when disaggregating the economic levels of 
groups [41]. To evaluate the economic level of the groups 
more comprehensively, we employ an unsupervised 
machine learning clustering technique, the self-organiz-
ing map (SOM) [42]. SOM algorithms were applied to a 
wide range of disciplines [43]. In recent years, it became 
more and more mature in the field of management. And 
some scholars successfully applied the SOM method to 
determine the economic level of the population through 
socioeconomic characteristics [44, 45]. But they only 
cluster income. This article will use multi-factor clus-
tering to measure people’s economic levels. The SOM 
algorithm used in this study is adapted from the latest 
MATLAB-based SOM toolbox.

Because the sample income of the questionnaire sur-
vey may be false or incorrect in CHARLS. To classify the 
socioeconomic level of the samples more accurately, we 
first select the factors that have a greater impact on the 
socioeconomic level. Income as a direct measure of the 
level of wealth will be used as one of the measuring fac-
tors. Household expenditure can measure the economic 
level of the sample, and it has a greater impact on the use 
of medical resources [12]. However, the  sample in this 
paper  is an individual, so the average annual household 
expenditure is used to measure the personal economic 
level. The installation or improvement of rural house-
holds’ environmental sanitation facilities depends on fac-
tors such as their socioeconomic status, payment costs, 
knowledge, attitudes, and hygiene behaviors [46]. And 
some of the CHARLS samples are concentrated in rural 
areas, so six household facilities such as toilet flushing, 
electricity use, running water, bath facilities, natural gas 
supply, and broadband internet connection are consid-
ered as one of the economic level influencing factors. To 
ensure the balance of data, each facility is assigned a value 
of 100. Each item owned by the sample could  increase 
the household facilities level by 100. Finally, to avoid the 
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influence of the dimensions of different factors on the 
data analysis, the three factors are standardized.

We trained the SOM separately for every year’s sam-
ple, because the samples will be deleted or added. The 
2*2 matrix is set, because the samples only need to be 
divided into two categories. The neuron numbers are 
numbered from the left side of the bottom row to the 
right, respectively number 1 and number 2. The neurons 
of the second row are number 3 and number 4 from left 
to right. Long hexagons of different colors represent the 
distance between two neurons. The darker the color, the 
greater the distance between the two neurons, that is, the 
greater the difference. We can judge the group with the 
biggest difference based on the color. In the sample clus-
tering results of 2011, there is a significant difference in 
distance between No.1 and No.4 neurons, so two of the 
neurons are the low socioeconomic status group and the 
high socioeconomic status group (Fig.  1a). In the 2013 
samples, No. 1 and No. 4 neurons have the largest dis-
tance and are regarded as the high socioeconomic status 
group and the low socioeconomic status group (Fig. 1b). 
In the 2015 samples, the distance between No.2 and No.4 
neurons is black, so the samples in these two neurons 
have the largest difference (Fig.  1c). They represent the 

low socioeconomic status group and the high socioeco-
nomic status group respectively. In the 2018 samples, as 
with the clustering results in 2011 and 2013, the distance 
between No.1 and No.4 neurons is the largest, which is 
regarded as the low socioeconomic status group and the 
high socioeconomic status group respectively (Fig. 1d).

Results
Descriptive statistics
Table 1 presents the descriptive statistics for each of the 
four waves of the CHARLS. These variables are used to 
analyze the concentration index and decomposition. In 
terms of basic situation, the average age of respondents 
is about 60. In terms of the economy, the average income 
and average expenditure of the respondents continue to 
increase. The average income increased from 7,891 to 
17,852 as the average expenditure increased from 5,499 
to 13,862. In terms of physical health, the annual change 
in self-reported health was not significant, and it was 
basically stable at around 3.1. However, the number of 
chronic diseases surged from 1.76 in 2015 to 3.33 in 2018. 
It may be related to the fact that most of the tracking 
samples entered the elderly after 7 years. And after enter-
ing old age, people will start to do physical examinations 

Fig. 1 Neurons distances of four waves
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consciously, only to find that they have a certain chronic 
disease. In terms of medical insurance, with the imple-
mentation of the universal health care policy, the 
number of Chinese residents with medical insurance 
steadily increased. The average increased from 0.97 in 
2011 to 1.03 in 2018. In terms of utilization of healthcare 

resources, the intra-group differences in outpatient care 
remained at a relatively stable level from 2011 to 2018, 
which the standard deviation for the utilization of outpa-
tient care ranged from 0.4 to 0.44. The inpatient utiliza-
tion rate gradually increases over time, which the average 
increased from 0.087 in 2011 to 0.19 in 2018. This may 

Table 1 Sample descriptive statistics

Variables 2011
Mean(SD)/%

2013
Mean(SD)/%

2015
Mean(SD)/%

2018
Mean(SD)/%

Demographic characteristics

 Gender

  0 = male; 1 = female 0.48(0.50) 0.54(0.50) 0.53(0.50) 0.54(0.50)

 Age

  Discrete variable 60.21(9.24) 59.74(9.54) 59.02(9.57) 60.42(9.45)

 Education

  Illiterate (1 = Illiterate); Middle school and lower (2 = Did not finish primary, 
3 = Sishu/home school, 4 = Elementary school, 5 = Middle school); High school and 
above (6 = High school, 7 = Vocational school, 8 = Two-/Three-Year Collage/Associate 
degree, 9 = Four-Year Collage/Bachelor’s degree, 10 = Master’s degree, 11 = Doctoral 
degree/Ph.D)

27.93;62.49;9.58 22.38;63.63;13.99 20.88;67.9;11.22 20.08;67.55;12.37

 Residence location

  Urban zone (1 = Main city zone); Combination zone (2 = Combination zone 
between urban and rural areas, 3 = The town center, 4 = Zhenxiang area, 5 = Special 
area, 6 = Township Central); Rural zone (7 = Village)

8.56;24.98;66.46 15.76;26.53;57.71 9.13;27.64;63.23 14.04;27.2;58.76

Economic level

 Total income (year)

  Continuous variable 7891(12,758) 12,351(18,641) 12,346(27,901) 17,852(27,008)

 Employment status

  Unemployment (0 = Unemployment, 3 = Retirement); Employment (1 = Infor-
mal employment, 2 = Formal employment, 4 = Re-employment after retirement)

3.96;96.04 18.63;81.37 7.82;92.18 16.32;83.68

 Household facilities level

  Discrete variable 2.20(1.54) 2.97(1.52) 1.96(1.30) 3.37(1.32)

 Total expenditure(year)

  Continuous variable 5499(9201) 9675(13,089) 11,051(23,133) 13,862(24,734)

Health status

 Number of chronic diseases

  Discrete variable 0.70(1.40) 1.65(1.60) 1.76(1.60) 3.33(2.64)

 Self-reported health

  1 = Very good; 2 = Good; 3 = Fair; 4 = Poor; 5 = Very poor 3.19(0.82) 3.12(0.86) 3.15(0.90) 3.12(0.94)

 ADL

  1 = With difficulty; 0 = Without difficulty 0.22(0.42) 0.21(0.40) 0.24(0.43) 0.21(0.41)

 IADL

  1 = Difficult; 0 = Easy 0.22(0.42) 0.25(0.43) 0.28(0.45) 0.30(0.45)

Insurance

 Healthcare insurance number

  Discrete variable 0.97(0.29) 1.01(0.27) 0.97(0.57) 1.03(0.28)

Healthcare service utilization

 Outpatient level

  0 = No; 1 = Yes 0.26(0.44) 0.27(0.44) 0.23(0.42) 0.20(0.40)

 Inpatient Level

  0 = No; 1 = Yes 0.087(0.28) 0.15(0.35) 0.14(0.35) 0.19(0.39)

 Prevention

  0 = Didn’t take physical examination; 1 = Take a physical examination 0.46(0.50) 0.42(0.49) 0.39(0.49) 0.51(0.50)
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be related to the increase of age. The use of preventive 
healthcare does not change much from 2011 to 2018, and 
the differences (SD: 0.49 or 0.5) within the group remain 
at a relatively stable level, indicating that utilization of 
preventive care cannot be changed in a short period. It is 
related to people’s basic cognition.

Homogeneous population recognition
The self-organizing maps and respondents’ distribution 
are shown in Figs.  2 and  3. In 2011, the respondents of 
No.1 neuron and No.4 neuron were the low socioeco-
nomic status group and the high socioeconomic status 
group respectively, and the corresponding respondents 
sizes were 737 and 416 (Figs.  2a,  3a); In 2013, the 
respondents on No.1 neuron’ respondents size is 768. The 
respondents on No.4 neuron were regarded as the low 
socioeconomic status group, with respondents size of 585 
(Figs. 2b, 3b). In 2015, the distance between No.2 neuron 
and No. 3 neuron was the largest, so these respondents 
are divided into the low socioeconomic status group and 
the high socioeconomic status group, which the number 
is 502 and 1376 (Figs. 2c, 3c). In 2018, it is similar to 2011 
and 2013 situation. The No.1 and No.4 neuron is recog-
nized the low socioeconomic status group and the high 

socioeconomic status group, and the sample sizes are 961 
and 1549 respectively (Figs. 2d, 3d).

Annual changes in inequality of samples
Our results show significant inequality inclined to high 
socioeconomic status in the use of inpatient and pre-
ventive care in middle-aged and older adults in China 
(Fig.  4). And the situation is the same every year. For 
outpatient care, the CI changed from -0.0281 in 2011 
to 0.0136 in 2018 (Table  2), which indicates a change 
from pro-poor inequality to pro-rich inequality. Yuan’s 
research also shows that the utilization of outpatient 
care in China in 2011 showed pro-poor inequality [47]. 
CI for inpatient and preventive care are all positive and 
statistically significant except for the inpatient care’s CI 
in 2011, indicating richer individuals use dispropor-
tionately more health services than others. Xu and Fu’s 
research also shows that there are pro-rich inequalities 
between these two types of healthcare [48, 49]. While 
lower socioeconomic status groups access a signifi-
cantly lower share of healthcare resources, irrespective 
of service type. In contrast, outpatient cares in 2011 
and 2013 were disproportionately inclined to the poor 
(CI: -0.0281 in 2011; -0.0102 in 2013). And outpatient 

Fig. 2 Hits of samples of four waves
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Fig. 3 Samples distribution of four waves

Fig. 4 Annual change in inequality
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care shows pro-rich inequality since 2015. This finding 
is consistent with Fu’s research [50]. In the three types 
of healthcare, preventive care has the highest degree of 
inequality, followed by inpatient, and outpatient care 
tends to pay more attention to equality. This shows that 
outpatient and inpatient care, as basic healthcare ser-
vices, and the Chinese government has controlled the 
inequalities to a certain level through medical insurance 
policies.

From the perspective of time, the inequality trend in 
outpatient care was found to have the most changes 
from -0.0281 to 0.0136. However, compared with 2011, 
the degree of inequality in outpatient care eased in 2013 
(CI: -0.0281 ~ -0.0102), 2015 (CI: -0.0281 ~ 0.0114), and 
2018 (CI:-0.0281 ~ 0.0136). The trend of gradual reduc-
tion in the inequality of outpatient care is also seen in 
Fan’s findings from 2011 to 2018 [51]. This shows that 
during the period from 2011 to 2018, the Chinese gov-
ernment’s medical policies had a more obvious effect 
when trying to ease the inequality of outpatient care 
utilization. In 2013, the inequality degree of inpatient 
and preventive care was the highest, and in 2015 and 
2018, the degree of inequality decreased. This shows 
that relevant national policies had better results in 
2015 and 2018. But beware of re-increasing inequality 
in hospitalization. Since the data is obtained through 
longitudinal survey, there is no excessive difference in 
individual consciousness caused by different samples 
that leads to unreliable results. It is more accurate to 
estimate the degree of inequality in use of inpatient and 
preventive care.

Decomposition of inequalities in healthcare 
utilization
Figures  5,  6 and  7 present the decomposition of the CI 
into the contributions of four types factors. It specifi-
cally includes the basic characteristics of the population, 
socioeconomic conditions, insurance and medical needs 
(physical status). The three figures respectively represent 
the contribution of outpatient, inpatient, and preven-
tive care. The distribution of the columns from 0 tick 
mark indicate that different contribution of factors can 
pull inequality either towards richer individuals (posi-
tive values, above-hand side) or poorer individuals (nega-
tive values, below-hand side). The height of the column 
representing each factor indicates its contribution to the 
total CI, that is, a tall column means that its contribution 
is higher than other factors.

The magnitude of the contribution of each factor 
depends on: (i) how sensitive health care use is to vari-
ation in the given factor (i.e., its elasticity with respect to 
it); and (ii) how equal the distribution of a given factor 
is with respect to the socioeconomic status of a house-
hold (i.e., its CI). Consequently, the largest contributions 
to overall inequality are relative to those factors that are 
both unequally distributed and strongly associated with 
healthcare utilization.

In Fig.  5, the main driving factors of socioeconomic 
inequality in outpatient care in China are age, educa-
tion, income, chronic diseases and self-reported health. 
The education and age of the individuals using health 
services are particularly relevant for the distribution of 
outpatient care utilization, whereas individuals’ char-
acteristics explain a large portion of inequality in out-
patient care utilization in 2011 and 2018. Liu and Guo’s 
research results confirm that education and age have a 
greater impact on the inequality in outpatient care utili-
zation [52, 53]. In this study, as it should be noted that 
in 2011, the contribution of age was positive (0.0114), 
and the contribution of education was negative (-0.0179). 
However, in 2013, 2015 and 2018, the contributions of 
age and education were opposite to the 2011 perfor-
mance. The contribution of age in the three waves’ sur-
veys were -0.0004, -0.0025, -0.0069. The contributions 
of education in the three waves’ surveys were 0.0028, 
0.0036 and 0.0174. This means that with age, it helps to 
alleviate socioeconomic inequality in outpatient care 
utilization. Higher education levels increase inequal-
ity. This shows that for people who are gradually enter-
ing the elderly group, the age difference has little effect 
on the inequality of outpatient care. The main factor 
that motivates them to frequently use outpatient care 
is their medical awareness, that is, the potential impact 
of education on the medical awareness of middle-aged 
and elderly people. Income is an important factor in the 

Table 2 Inequality in healthcare utilization

Outpatient Concentration Index Std.Err p‑
value

 2011 -0.0281 0.0054 0.0000

 2013 -0.0102 0.0035 0.0032

 2015 0.0114 0.0038 0.0031

 2018 0.0136 0.0040 0.0006

Inpatient Concentration Index Std.Err p‑
value

 2011 0.0058 0.0082 0.4784

 2013 0.0812 0.0048 0.0000

 2015 0.0369 0.0055 0.0000

 2018 0.0468 0.0059 0.0000

Prevention Concentration Index Std.Err p‑
value

 2011 0.0479 0.0024 0.0000

 2013 0.1255 0.0027 0.0000

 2015 0.0878 0.0028 0.0000

 2018 0.0863 0.0024 0.0000
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measurement of economic level. No matter what year, it 
will increase the inequality of outpatient care utilization. 
This result is confirmed by empirical studies in different 
countries [53, 54]. Chronic diseases and self-reported 
health are variables in measuring health status, that is, 
medical needs. In particular, chronic diseases gradu-
ally aggravated the inequality of outpatient care utiliza-
tion over time (2013 ~ 2018: 0.0032 ~ 0.0086). This shows 
that chronic diseases of the elderly have a greater impact 
on their normal life with increasing age, causing them 
to use outpatient care more than those without chronic 
diseases. The contribution of self-reported health in the 
four waves is negative (2011 ~ 2018: -0.0261 ~ -0.0097), 
suggesting that the larger the self-reported health value 
is, the more conducive it is to alleviate the inequality of 
outpatient care utilization. This suggests that it does not 
exacerbate inequality in outpatient utilization among 

population with poor physical health. As a basic medical 
service, outpatient care requires minimum payment for 
patients, attracting most people with poor self-reported, 
which helps alleviate inequality in outpatient utilization.

In Fig.  6, for inpatient care, the main driving factors 
of socioeconomic inequality are age, education, income, 
chronic diseases, and self-reported health. These factors 
explain a large portion of inequality in inpatient care uti-
lization. The contribution of age in 2013, 2015, and 2018 
were 0.0253, 0.0027 and 0.0117, which means that older 
age exacerbated the inequality of inpatient care. This is 
the opposite of its impact on outpatient utilization. The 
contribution of education to the inequality of inpatient 
care varies in the four waves, -0.0296, -0.0008 in 2011 
and 2013, 0.0172, and 0.0083 in 2013 and 2018, respec-
tively. While Luo’s research shows that people with less 
education have lower rates of inpatient utilization [55]. 

Fig. 5 Decomposition of the CI in outpatient care

Fig. 6 Decomposition of the CI in inpatient care
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This is similar to the 2013 and 2018 results in this study. 
But education is also usually correlated with income [56], 
so it is possible to have a negative contribution. The con-
tribution of income to the inequality of inpatient care 
is positive in four waves. But its value keeps declining, 
with contributions ranging from 0.0679, 0.0556, 0.0409, 
and 0.0294 in four waves of surveys. This shows that the 
extent which income inequality contributes to the ine-
quality of inpatient care is decreasing with increasing age. 
This, on the other hand, reflects the nature of necessi-
ties for inpatient care with increasing age. On the whole, 
compared with inequality of outpatient care, income 
contributes more to the inequality of inpatient care 
than that in outpatient care. The contribution of chronic 
diseases was positive in 2013 (0.0040), 2015 (0.0077), 
and 2018 (0.0113), which means that the difference in 
chronic diseases exacerbated the inequality of inpatient 
care inclined to high socioeconomic status. This result 
was also confirmed by Guo’s research [53]. And as time 

changes, the contribution rate of chronic diseases contin-
ues to increase. This shows that with the increase of age, 
middle-aged and older adults with more chronic diseases 
use more inpatient care, compared with those without 
chronic diseases.

In Fig.  7, the main driving factors of socioeconomic 
inequality in preventive care utilization in China are also 
age, education and income. These three factors explain 
the large proportion of inequality inclined to high socio-
economic status. The contribution of income is the most 
significant, and the contributions in the four waves were 
0.0346, 0.0525, 0.0496, and 0.0408 respectively. Next is 
education and age. The contribution of income and edu-
cation to inequality in preventive care utilization was 
also demonstrated in empirical research in Kenya [13]. 
The contribution of age to the inequality in preventive 
care is similar to that of inpatient care. The contribution 
of education is positive in the four-wave surveys, which 
are 0.0221, 0.0313, 0.0189, and 0.0201. This shows that 

Fig. 7 Decomposition of the CI in preventive care

Fig. 8 Annual change in inequality among high socioeconomic status groups
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education could exacerbate inequality in preventive care 
utilization. In particular, compared with outpatient and 
inpatient care, education contributes more to the preven-
tive care utilization inequality.

Inequality among the homogeneous population

High socioeconomic status group
In the high socioeconomic status group shown in Fig. 8, 
the inequality trend of all types of medical resources is 
similar to the full samples. Outpatient utilization is the 
most equal, inpatient care is moderately unequal, and 
the most unequal is preventive care. In more detail, there 
are three differences in the inequality of the high socio-
economic status group compared with the results of the 
full samples. Firstly, the outpatient utilization of the high 
socioeconomic status group transitioned from being pro-
poor to being equal in 2013 (CI: -0.0654 ~ 0.0000). In 
the full samples, there is still a slight inequality inclined 
to the poor in 2013 (CI: -0.0281 ~ -0.0102). Secondly, in 
2011, the utilization of inpatient care in the high socio-
economic status group showed pro-poor inequality (CI: 
-0.0296). There was no significant inequality in inpatient 
care of the full samples. Thirdly, for preventive care, the 
annual trend of inequality in the high socioeconomic sta-
tus group is relatively flat, while the annual change of the 
full samples is larger.

Low socioeconomic status group
Inpatient care and preventive care resources are more 
inclined to the rich people in the low socioeconomic sta-
tus group. The utilization of outpatient care is slightly 
inclined to the poor. According to the trend line in Fig. 9, 
the inequality degree of utilization in preventive care is 
roughly the highest (CI: 0.0252 ~ 0.0592 from 2011 to 
2018), followed by inpatient care (CI: 0.0000 ~ 0.0554 

from 2011 to 2018), and outpatient care is the most equal 
(CI: -0.0267 ~ 0.0000 from 2011 to 2018). The develop-
ment of inequality between preventive and inpatient care 
is on the rise. Among them, preventive care reached its 
peak in 2018. However, outpatient care became equal 
year by year (CI: -0.0267 ~ 0 from 2011 to 2018).

Comparative analysis
For the three types of healthcare utilization, the inequal-
ity degree of the high socioeconomic status group is 
higher than that of the low socioeconomic status group 
approximately. Inconsistent with the performance of the 
high socioeconomic status group is that the inequality of 
preventive care in the low socioeconomic status group is 
lower than that of outpatient and inpatient care in 2013 
(CI: Inpatient: 0.0171 < Outpatient: 0.0081 < Prevention: 
0.0039), while the annual inequality of preventive care 
in the high socioeconomic status group was greater than 
that of outpatient and inpatient care. In 2015, there was 
no obvious inequality in the three types of medical care 
in the low socioeconomic status group. In the high soci-
oeconomic status group, only outpatient and inpatient 
care are not significantly unequal. It can be seen that the 
inequality degree of preventive care utilization is greatly 
affected by policy changes in the low socioeconomic 
status group. In the high socioeconomic status group, 
the richer the higher the inequality degree in preventive 
care (CI: 0.0588, 0.1020, 0.0707 and 0.0755, respectively 
in four waves). This shows that when the economic level 
reaches a certain level, the impact of preventive care at 
the economic level will increase significantly. Secondly, 
the utilization of outpatient care in the high socioeco-
nomic status group shows inequality inclined to high 
socioeconomic in 2018 (CI: 0.0253), while the utiliza-
tion of outpatient care in the low socioeconomic status 
group tended to be equal year by year since 2015 (CI: 

Fig. 9 Annual change in inequality among low socioeconomic status groups
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0.0000 ~ 0.0000 from 2015 to 2018). This result manifests 
that the high socioeconomic status group has greater 
economic freedom, so the difference in the utilization of 
outpatient care varies greatly with the economic level. On 
the contrary, in the low socioeconomic status group, the 
degree of economic freedom is less, and it is a good state 
to be able to meet the use of basic medical services.

Discussion
In this study, we estimated the changes in the inequal-
ity degree in outpatient, inpatient, and preventive care 
use among middle-aged and elderly people in China 
from 2011 to 2018, and further estimated the changes 
in inequality among homogeneous population. We also 
explored the contribution of related factors to the ine-
quality degree. Our study has three important findings.

First, in the measurement of the full samples’ inequal-
ity, we observed that preventive care has the largest 
pro-rich inequality and outpatient care has the small-
est inequality. Preventive care utilization, as improved 
medical service, is sensitive to people’s socioeconomic 
level, so it has the highest inequality degree. However, 
the inequality appeared to be eased in 2013, which may 
be related to the family doctor contract services (FDCS) 
launched in 2009 in China, which the pilot services 
started in 2012. This service was designed to focus on 
the utilization of the community medical service [57], 
including simple and free physical examinations for some 
chronic diseases. People with chronic diseases are more 
motivated to participate in this service [58]. With the 
popularization of FDCS, the number of people covered 
increased gradually, especially among middle-aged and 
elderly people with chronic diseases. And according to 
our findings, the average number of chronic diseases in 
the sample increased over year. This led to the degree of 
inequality in preventive care showed a significant decline 
in 2015. The FDCS was officially implemented nation-
wide since in 2016 [59]. In addition, China introduced 
another policy of free medical examinations for middle-
aged and elderly people in 2017, which also promoted the 
utilization of preventative care to alleviate the impact of 
economic levels on their utilization. Thus, the degree of 
preventive care inequality in 2018 was slightly lower than 
that in 2015. The overall inequality of outpatient care is 
relatively low, and it tends to become inequality inclined 
to high socioeconomic status. The low threshold fee for 
outpatient visits is an important reason for the low level 
of inequality. From 2011 to 2018, the inequality changed 
from inclining to low socioeconomic status to inclining 
to low socioeconomic status. This shows that the utiliza-
tion of outpatient care in China is gradually restricted by 
economic levels. Compared with outpatient, inpatient 
care has a higher degree of inequality. The generally high 

cost of inpatient care is an important factor causing the 
pro-rich inequality. And the annual change trend of inpa-
tient care is similar to that of preventive care. This shows 
that in addition to the supplement of medical insurance 
to the use of inpatient, preventive care may be a key fac-
tor in avoiding the utilization of inpatient services.

Second, by decomposing the concentration index, we 
found that compared with preventive care, self-reported 
health has a greater contribution to the inequalities of 
outpatient and inpatient care. This once again reflects 
the basic and necessary characteristics of outpatient and 
inpatient care. The utilization is closely related to per-
sonal health. It should be noted that compared with inpa-
tient care, self-reported health has a higher contribution 
to the utilization of outpatient care, and it is the highest 
contribution rate of all influencing factors in outpatient 
care. This further proves that the personal health status 
is the first driving force for outpatient utilization. For 
inpatient care, income is the highest contribution rate of 
all influencing factors, which is higher than that of self-
reported health. This explains that inpatient care is more 
restricted by economic conditions. This is the same as the 
previous study of inpatient care [60]. And it is consist-
ent with the conclusion that the degree of inequality in 
inpatient care is higher than that in outpatient care in the 
previous analysis. Income is also the highest contribution 
rate among all factors of preventive care. Different from 
outpatient and inpatient care is that another major fac-
tor affecting preventive care is education. Personal health 
status is not a key factor in determining whether middle-
aged and older adults use preventive care. Their health 
awareness and preventive awareness have become more 
important. And the main factor affecting health aware-
ness and preventive awareness is education level, so the 
unequal utilization of medical resources caused by dif-
ferences in education level is more prominent in preven-
tive care. Another factor that needs attention is age. The 
contribution of age to the inequality of the three types 
of medical resource utilization is smaller than the pre-
vious two factors, but it is more obvious on the whole. 
The age difference brings about the difference in physical 
function and the difference in health awareness given by 
the times. In particular, chronic diseases made a greater 
contribution to the inequality of utilization in outpatient 
and inpatient care in 2015 and 2018. There may be two 
reasons for this situation: one is that as the age of the 
respondents increases, the chronic disease appears; the 
other is that as the Chinese government gradually popu-
larizes the management of chronic diseases for middle-
aged and elderly people, people are beginning to actively 
treat and prevent chronic diseases. So the presence or 
absence of chronic diseases will affect the unequal utili-
zation of medical resources.
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Third, among the homogeneous population, we 
observed that the inequality in the medical resources 
utilization of the high socioeconomic status group is 
higher than that of the low socioeconomic status group. 
This explains why a high socioeconomic level could 
exacerbate the utilization inequalities among homo-
geneous population. From the analysis of the inequal-
ity contribution, it can be seen that the contribution of 
income to the unequal utilization of the three types of 
medical resources is more obvious. This suggests that 
the higher the income is, the higher the degree of ine-
quality it will cause. Adjusting subsidies and utilization 
methods according to different economic levels can help 
effectively alleviate inequality. We also found that in the 
low socioeconomic status group, the utilization of out-
patient care is slightly inclined to the poor and tends to 
be equal over time. Other types of healthcare have a dis-
proportionate tend to the rich, and the degree of inequal-
ity is slightly higher. In the high socioeconomic status 
group, outpatient and inpatient care transitioned from 
pro-poor inequality to pro-rich inequality from 2011 to 
2018. When an individual’s economic conditions reach a 
certain level, its inequality impact exceeded the control 
of the policy. Its performance is especially significant in 
outpatient care utilization. And the inequality degree of 
outpatient care is the lowest in the rich and low socio-
economic status group, indicating that the current equal-
ization and accessibility of outpatient care are relatively 
good. Yan’s research also points to an increase in out-
patient visits as medical insurance coverage improves, 
suggesting improved accessibility [61]. The inequality 
degree of inpatient care in 2018 was higher in both the 
low socioeconomic status group and the high socioeco-
nomic status group. It is necessary to guard against the 
increase in inequality of inpatient care in recent years. 
This shows that the current medical policy cannot bal-
ance the inequality of inpatient care, regardless of which 
homogeneous group. And other scholars also proved that 
the poor in China are always more likely to forgo inpa-
tient care than the rich [61], which may result in socio-
economic inequality. It is worth noting that in 2015, there 
was no obvious inequality in preventive care in the low 
socioeconomic status group, while the inequality in the 
high socioeconomic status group was high. Combined 
with the introduction of the free medical examination 
policy that was analyzed in the previous study, we find 
that the inequality of the low socioeconomic status group 
is more elastically affected by the welfare policy, and the 
high socioeconomic status group is less elastic.

Our study has important documentary value for under-
standing the differences in the inequality degree among 
the homogeneous population. At present, most of the lit-
erature measuring the inequality of healthcare utilization 

focuses on the estimation of all groups, ignoring the 
existence of inequality among homogeneous groups. But 
this is of great significance for the formulation of medi-
cal and related policies, because the inequality in the use 
of healthcare caused by the huge income gap cannot be 
solved by a single medical policy. The government can 
only guarantee relative equality in medical treatment. In 
addition, SOM is introduced into the research framework 
to enrich the research on concentration index.

At the same time, this study also has reference value 
for other countries in the world, especially those that are 
unable to achieve high-quality UHC or those with insuffi-
cient health spending. Temporarily setting the near-term 
goal of achieving relative inequality among homogene-
ous population is an effective way to alleviate inequali-
ties. Because income inequality caused by economic 
development in many other countries leads to unequal 
utilization of medical resources, such as Iceland and Ire-
land [11], Kenya [13], Brazilian [17], etc. However, there 
are differences in the inequality of healthcare utilization 
affected by income in developed and developing coun-
tries. Developed countries are more affected by health-
care spending policy [11], and the inequalities created 
by a temporary economic crisis can be eliminated. And 
developing countries are still working towards UHC [31]. 
Government spending on health cannot reach a better 
level in a short period, and income inequality brought 
about by economic development cannot be alleviated in 
a short period. When determining inequality between a 
homogeneous group and full samples, on the one hand 
it becomes clear how the limited health expenditure can 
be used to achieve the greatest benefit, and on the other 
hand, it becomes clear which medical service needs more 
attention. Therefore, this study may be more meaningful 
for developing countries.

However, some limitations of this study should be 
acknowledged. First, the estimate of preventive care uti-
lization is relatively loose. This paper uses the interval of 
each follow-up survey as the measurement standard, that 
is, this indicator is that preventive care was used during 
the interval (2–3 years), so the estimated use rate is rela-
tively high. Second, homogeneous population identifica-
tion only recognizes people with similar economic levels, 
and the utilization of healthcare is also greatly affected 
by other conditions. However, these limitations do not 
invalidate our work, and the nature of large samples 
reduces estimation bias to some extent, as does the use 
of panel data.

Future research could identify homogeneous popula-
tion in terms of physical condition, medical insurance, 
etc., to further examine healthcare utilization inequali-
ties. The selection of dimensions can be determined 
according to the most critical factors affecting the 
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inequality of healthcare utilization in the region. Another 
possible direction is multi-dimensional homogeneous 
population identification, examining the utilization of 
healthcare in similar population across multiple dimen-
sions. This addresses situations where a single dimension 
is not comprehensive or where multiple dimensions are 
equally important to impact on healthcare inequalities.

Conclusions
Although in 2009, NHCR made breakthroughs in health-
care, medicine, and health insurance, such as promoting 
universal medical insurance, improving health insur-
ance levels, promoting the hierarchical medical system, 
and strengthening medical service capabilities, etc. [62]. 
These unified reform measures can be applied regardless 
of their socioeconomic status. However, the problem of 
expensive medical care in China still exists [63], that is, 
the unequal utilization of healthcare services caused by 
differences in economic levels. Because the difference 
in socioeconomic is difficult to achieve a complete bal-
ance, it is important to achieve relative equality, that is, to 
achieve relative equality between homogeneous groups 
of people based on basic medical and health services for 
everyone. By measuring the degree of inequality between 
the full samples and the homogeneous population, the 
contributory factors of inequality and the inequality dif-
ference among the homogeneous population are clari-
fied. Accordingly, three policy implications could be put 
forward from our study:

 (i) Further promote free medical examination ser-
vices for the elderly. Through the establishment of 
a physical examination card, a free physical exami-
nation service is issued on the card once a year, to 
urge the elderly to use preventive medical treat-
ment, improve the awareness of health prevention 
for the elderly, and combine prevention and treat-
ment to improve the overall health level. This has 
a positive impact not only on alleviating inequal-
ity in preventive care utilization due to insufficient 
income among the low socioeconomic group. It 
is also possible to urge group with high socioeco-
nomic status to use basic free preventive services to 
alleviate the large inequality caused by differences 
in health awareness. In particular, the promotion of 
high-quality free preventive care is more attractive 
to groups with high socioeconomic status. Health 
departments can optimize free preventive services, 
such as screening for common chronic diseases 
and routine monitoring, based on the needs of 
most older adults.

 (ii) Advocate various forms of CCB activities (Col-
laboration for Community Benefits) [64], which 
can improve the overall health of the community 

through health lectures, community construction 
activities, donations of first aid facilities, etc. To 
correct people’s excessive utilization in the high 
socioeconomic status group or insufficient utiliza-
tion in the low socioeconomic status group. Appro-
priate healthcare utilization not only has a positive 
effect on resource optimization, but also helps to 
eliminate the utilization inequalities due to health 
awareness among homogeneous population.

 (iii) The government could control the difference in 
terms of reimbursement and out-of-pocket, by 
combining the improvement of the medical insur-
ance reimbursement regulations and the control 
of the cost of drugs and inspections [65]. Among 
them, in medical reimbursement, free medical 
insurance should be provided for those who cannot 
afford to pay, and a cheap medical system should 
be established through the identification of the 
medical insurance card. This may be more helpful 
in alleviating utilization inequalities among the low 
socioeconomic status group.
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