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Abstract 

Background Catastrophic health expenditure (CHE) is an important indicator of measuring health inequality. 
Previous studies mainly focused on specific vulnerable populations rather than a wider range of vulnerable areas 
through panel data. Rural China is often associated with an underdeveloped economy and insufficient health 
resources. This study aims to update the information on the extent of and trends in the incidence and inequality 
of CHE among the households of rural China through longitudinal survey data.

Methods Data were obtained from three waves of the China Health and Retirement Longitudinal Study (CHARLS): 
2013, 2015, and 2018. In total, 2,575 households were included in the analysis. CHE was defined as household health 
expenditures exceeding 40% of non-food expenditures. Inequality in CHE was measured using the concentration 
curve and concentration index. The contribution to CHE inequality was decomposed using the concentration index 
decomposition method.

Results The incidence of CHE was 0.2341 (95% CI: 0.22, 0.25) in 2013, 0.2136 (95% CI: 0.20, 0.23) in 2015, and 0.2897 
(95% CI: 0.27, 0.31) in 2018 in rural China. The concentration curve lay above the equality line, and the concentra-
tion index was negative: −0.1528 (95% CI: −0.1941, −0.1115) in 2013, −0.1010 (95% CI: −0.1442, −0. 0577) in 2015, 
and −0.0819 (95% CI: −0.1170, −0.0467) in 2018. Economic status, age, and chronic diseases were the main contribu-
tors to inequality in CHE.

Conclusions The incidence of CHE in rural China displayed an upward trend from 2013 to 2018, although it 
was not continuous. Furthermore, a strong pro-low-economic inequality in CHE existed in rural China. Mainly eco-
nomic status, age, and chronic diseases contributed to this pro-low-economic inequality. Health policies to allocate 
resources and services are needed to satisfy the needs of rural households and provide more accessible and afford-
able health services. More concern needs to be directed toward households with chronic diseases and older persons 
to reduce the incidence of CHE and promote health equality.

Keywords Catastrophic health expenditure, Rural China, Inequality, Concentration index, Decomposition

Background
Catastrophic health expenditure (CHE) was defined 
as 40% or more of the household capacity to pay (CTP) 
expenditure allocated towards annual out-of-pocket 
(OOP) healthcare payments [1]. CHE may force house-
holds to sacrifice their basic healthcare necessities, sell 
assets, and even incur long-term debt [2–4]. Although 
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China, as a major developing country, has made consid-
erable progress in economic development and healthcare 
reform, CHE presents a concerning healthcare challenge 
for China [5–8].

Rural areas, in particular, are often associated with an 
underdeveloped economy and insufficient healthcare 
resources; therefore, CHE is also closely associated with 
rural households. An extensive literature shows that 
rural areas exhibited a considerable incidence of CHE 
[9–11], which negatively affected the quality of life and 
even trapped rural households in a vicious circle of “ill-
ness due to poverty and poverty caused by illness” [12, 
13]. Previous studies and surveys have emphasized that 
income-related inequality in CHE in rural areas was 
more concentrated in the lowest-economic-status groups 
[14–16]. Moreover, a growing number of studies reported 
that economic status, education, lifestyle, and households 
with older persons with disabilities or chronic diseases 
were the main contributors to the occurrence of CHE 
inequalities in rural areas [17, 18].

These studies highlight the influence of CHE and prove 
that more efforts are required to mitigate CHE for rural 
households. Nevertheless, current studies have some 
shortcomings. First, most studies use cross-sectional 
data to analyze CHE in rural China and therefore cannot 
measure trends in the incidence of and inequality in CHE. 
Second, most studies rely on the Oaxaca–Blinder decom-
position, concentration index and other single methods 
to analyze the inequality in CHE in rural areas and lack 
other methods to test for it. Third, most of the studies 
of CHE in rural areas lack relevant heterogeneity analy-
sis of the concentration index and determinants in CHE 
to date. In light of these limitations, this study aimed to 
(1) update the information on the overall extent of and 
trends and income-related inequality in CHE in rural 
China using the China Health and Retirement Longitudi-
nal Study (CHARLS) balanced panel data, (2) validate the 
robust of the results on income-related inequality using 
a concentration index method and the quantile regres-
sions, (3) analyze the heterogeneity of inequality in rural 
China in order to analyze the differences between differ-
ent populations in the CHE and its determinants, and (4) 
provide implementable recommendations for improving 
government policies and reducing the incidence of and 
inequality in CHE.

Methods
Ethics
The ethics review board of Peking University approved 
the CHARLS study (approval number IRB00001052–
11015). Informed consent was obtained, and the data 
were anonymized for analysis.

Data
Data were derived from CHARLS, which covered 450 
communities in 150 counties from 28 of the 32 provinces 
in mainland China. CHARLS, implemented by Peking 
University, aimed to collect a nationally representative 
sample of people aged 45 years or older to support aging 
and health-related research through a structured ques-
tionnaire [19] (the data and questionnaire are available at 
http:// charls. pku. edu. cn/). After data cleaning, a total of 
2,575 households were finally enrolled in this study. The 
detailed process is shown in Fig. 1.

Measures
The CHARLS questionnaire includes basic personal 
information, household structure, health status, and 
other information. According to the questionnaire, rural 
households were defined by the item: “Was your address 
in the village or city/town?” The dependent variable was 
whether the household incurs CHE (a binary variable). 
The key independent variables include household head’s 
gender, age, marital status, education, insurance, smoking 
status, alcohol consumption, disability, chronic diseases, 
healthcare utilization, household size, and household 
economic status. It is important to note that the eco-
nomic status of households was measured by dividing 
household income into five equal groups: lowest, lower, 
middle, higher, and highest.

The incidence of CHE refers to the ratio of households 
with CHE to all sample households in the survey [20]. 
The indicator determining whether CHE occurred was 
calculated as follows:

Measuring CHE inequality
The concentration curve and concentration index were 
applied to analyze the inequality in CHE. The concentra-
tion curve and index were used to measure the extent 
of income-related inequality in the distribution of CHE 
across households [21]. When the concentration curve is 
above the line of equality, it denotes that inequality is con-
centrated in poor households; when it is under the line of 
equality, it denotes the opposite. The concentration index 
contributes to facilitating the identification of an effective 
way to reduce inequality. The concentration index ranges 
from −1 to 1, with a value of 0 indicating complete equality 
across income groups, and a positive concentration index 
denotes that households with high-economic-status are 
more likely to incur CHE than their low-economic-status 

(1)CHE =
1 if

OOPh
CTPh

≫ 40%

0 if
OOPh
CTPh

< 40%

http://charls.pku.edu.cn/
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counterparts, whereas a negative index denotes the oppo-
site. The concentration index (CI) formula was as follows:

where cov is the covariance, Yi is the outcome variable, µ 
is the mean of Yi , and Ri stands for the fractional ranks 
of household income. Ri = i/N, i = 1 denotes the low-
est-income households, and i = N denotes the highest-
income households.

Decomposition methods
Inequality can be further explained by decomposing the 
concentration index into its determining components. 
These determinants were selected according to previous 
research and constrained by the variables collected in the 
investigation [22]. Since CHE was a dummy variable, a pro-
bit model was employed to decompose and standardize the 
inequality in CHE. The regression model was as follows:

where βm
j  and γm

k  are marginal effects, namely dy/dxj and 
dy/dzk , and ε is the residual term. The decomposition 
result of the concentration index of the dependent vari-
able y was as follows:

(2)
(

C =
2

µ
cov(Yi, Ri)

)

(3)y = αm
+

∑

j
βm
j xj +

∑

k
γm
k Zk + ε

where C is the concentration index of y , µ is the mean of 
y , Cj is the concentration index of xj , Cµ is the concen-
tration index of the residual term, and xj  and ε are the 
means of xj and ε , respectively.

Analytical strategy
Categorical variables were presented as absolute num-
bers as proportions of the total number of participants. 
Logistic regression was employed to analyze the odds 
ratios (ORs) for CHE after controlling for several con-
founding factors at baseline, such as the year (2013, 2015, 
and 2018), gender, age, marital status, education, insur-
ance, smoking status, alcohol consumption, disability, 
chronic diseases, health utilization, household size, and 
household economic status. All statistical analyses were 
performed using STATA statistical software version 15.1. 
A two-tailed p-value < 0.05 was considered statistically 
significant.

Results
Household descriptive statistics
The basic unit of analysis in this paper is the house-
hold. To reduce analytical error and accurately analyze 
the influencing factors of CHE, this study employed the 

(4)C =

∑

j

(

βm
j xj

/

µ

)

Cj +
(

ε
/

µ

)

Cµ

Identification

Households records
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Other data sources

(n = 0)
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Records screened
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Households records
that did not answer the questions

n = 3,840
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(n = 3,352 households)
Excluded urban households
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( )

Eligible families

(n = 2,575 households)
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(n = 2,575 households)

Screening

Eligibility
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Fig.1 The process of screening participants in this study. Source: Author’s analysis
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information provided by the head of the household to 
represent the basic characteristics of the household, tak-
ing into account the practices of previous studies [23–25]. 
Table  1 presents a summary of the descriptive statistics 
for independent variables in 2013. A total of 48.85% of 
the heads of households were male, 65.75% were aged 
over 60 years, about 88% were living with a spouse, and 
the average household size was 1.69 people. In terms of 
economic status, 19.88%, 19.84%, 20.12%, 19.96%, and 
20.19% of households had the lowest income, lower 
income, middle income, higher income, and highest 
income, respectively. Nearly 28% of the sample had jun-
ior high school-level education or above. An overwhelm-
ing majority of households were covered by insurance 
(96.23%), 61.59% of the household heads smoked, and 
nearly half consumed alcohol (48.66%). It was reported 
that 7% of the household heads had disabilities and 67% 
had chronic diseases. The sample’s annual outpatient and 
inpatient rates were 30% and 11%, respectively, and the 
annual outpatient time and inpatient time were 0.45 and 
0.08 times, respectively.

The incidence of CHE in rural China
Figure  2 illustrates the incidence of CHE from 2013 to 
2018. The incidence of CHE was 0.2341 (95% CI: 0.22, 
0.25) in 2013, 0.2136 (95% CI: 0.20, 0.23) in 2015, and 
0.2897 (95% CI: 0.27, 0.31) in 2018.

Determinants of CHE
A logistic regression analysis was conducted to analyze 
the factors influencing the occurrence of CHE in rural 
households. Table 2 presents the logistic regression anal-
ysis results of the longitudinal data. Compared with 2013, 
the incidence of CHE decreased approximately 0.87 times 
(95% CI:0.75, 1.00) in 2015 and increased 1.46 times (95% 
CI:1.27, 1.68) in 2018. The presence of older household 
members significantly increased the incidence of CHE. 
Specifically, households aged 61—70  years and older 
than 70  years were estimated to be 3.11 (95% CI: 1.56, 
6.19) and 5.08 (95% CI: 2.54, 10.16) times more likely to 
incur CHE than households aged younger than 50 years, 
respectively. Compared with living with a spouse, not 
living with a spouse decreased the incidence of CHE 
approximately 0.69 times (95% CI: 0.52, 0.91). The eco-
nomic status of households was another critical driver 
of CHE; for example, the richer and richest groups were 
0.66 (95% CI: 0.52, 0.84) and 0.55 (95% CI: 0.44, 0.71) 
times less likely than the poorest group to suffer CHE, 
respectively. Those whose households had member(s) 
with chronic diseases were 1.52 (95% CI: 1.29, 1.79) 
times more likely to incur CHE than households with no 
chronic diseases. Regarding healthcare, those who used 
outpatient services and outpatient times were 1.41 (95% 

Table 1 Basic characteristics of household heads in 2013 
(N = 2,575)

Since there was no significant change in the descriptive data of the households 
from 2013 to 2018, only those from 2013 are presented; the standard deviation 
(S.D.) is shown in parentheses

Variables N (%) Mean (S.D.)

Sex

 Female 1317 (51.15)

 Male 1258 (48.85)

Age

 ≤ 50 years 47 (1.83)

 51–60 years 835 (32.43)

 61–70 years 1046 (40.62)

 ≥ 71 years 647 (25.13)

Marital status

 With spouse 2258 (87.69)

 Else (unmarried, divorced, widowed, etc.) 317 (12.31)

Household size 1.69 (0.46)

Economic status

 Lowest 512 (19.88)

 Lower 511 (19.84)

 Middle 518 (20.12)

 Higher 514 (19.96)

 Highest 520 (20.19)

Education

 Elementary school-level education 
and below

1865 (72.43)

 Junior high school-level education 
and above

710 (27.57)

Insurance

 No 97 (3.77)

 Yes 2478 (96.23)

Smoke

 No 989 (38.41)

 Yes 1586 (61.59)

Drink

 No 1322 (51.34)

 Yes 1253 (48.66)

Disability

 No 2397 (93.09)

 Yes 178 (6.91)

Chronic diseases

 No 862 (33.48)

 Yes 1713 (66.52)

Outpatient

 No 1813 (70.41)

 Yes 762 (29.59)

Outpatient times 0.45 (1.32)

Inpatient

 No 2300 (89.32)

 Yes 275 (10.68)

Inpatient times 0.08 (0.37)
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CI: 1.20, 1.66) and 1.10 (95% CI: 1.04, 1.15) times more 
likely than those who did not use such services to incur 
CHE, respectively.

Concentration curve and index of CHE in rural China
To analyze the inequality in the occurrence of CHE in 
rural households, the concentration curve and concen-
tration index were drawn and calculated. Figure 3 shows 
that from 2013 to 2018, the concentration curve for rural 
households lay above the line of equality, indicating that 
CHE was more concentrated among low-economic- sta-
tus households. Table  3 reveals the concentration index 
from 2013 to 2018. A positive concentration index indi-
cates that rich households are more likely to incur CHE, 
whereas a negative index denotes the opposite. Over-
all, the concentration index for CHE was negative and 
decreased significantly from −0.1528 to −0.0764 for rural 
households from 2013 to 2018. The results were all nega-
tive, indicating that the inequality in CHE was mainly 
concentrated in poor rural households. Figure 4 presents 
the trend of the concentration index of CHE in rural 
China from 2013 to 2018. The concentration index was 
negative and showed a steady upward trend, indicating 
that inequality in the incidence of CHE is decreasing in 
rural areas.

Results of quantile regression
To verify the robustness of the concentration index and 
avoid the effect of extreme values, the quantile regression 
model proposed by Koenker et  al. was used for valida-
tion [26]. Table 4 shows the effect of household income 
on CHE at the 0.25, 0.50, and 0.75 quartiles. The results 
showed that CHE decreased significantly as household 
income increased, indicating that the higher the house-
hold income, the less likely CHE is to occur. Therefore, 
a pro-low-economic inequality in CHE existed in rural 
China.

Decomposition of concentration index
To quantify the contribution of inequality to the occur-
rence of CHE in rural households, we conducted a concen-
tration index decomposition analysis. Table 5 presents the 
contributions of each determinant to concentration index. 
A positive (negative) contribution denotes that the variable 
raised (reduced) the pro-high (low) economic inequality. In 
particular, we found that economic status, age, and having 
chronic diseases made the largest (73.50%, 63.26%, 57.72%), 
second largest (25.13%, 31.51%, 33.91%), and third largest 
(1.69%, 2.86%, 6.12%) contributions, respectively, to the 
inequality in CHE from 2013 to 2018.

Heterogeneity analysis of the concentration index of CHE
Table  6 presents a heterogeneity analysis of inequality in 
the occurrence of CHE based on age, chronic diseases, and 
education. We chose 65 years as the threshold to conduct 
the heterogeneity analysis of age [27]. The results showed 
that the concentration index for households aged ≥ 65 years 
was −0.1332, −0.1004, and −0.0514 in 2013, 2015, and 
2018, respectively. The corresponding indices for house-
hold heads aged < 65  years were -0.1120, -0.0413, and 
-0.0561. From 2013 to 2018, the concentration indices for 
households with members with chronic conditions were 
−0.1530, −0.0900, and −0.0721. In contrast, the concentra-
tion indices for households without chronic diseases were 
−0.1373, −0.1130, and −0.0867. Finally, the concentration 
indices for households that received junior high school-
level education and above were −0.1359, −0.1010, and 
−0.0589, while those with elementary school-level edu-
cation and below had concentration indices of −0.1779, 
−0.1475, and −0.1145.

Decomposition of concentration index based 
on heterogeneity analysis
Tables  7 and 8 show the results of the concentra-
tion index analysis for age differences. Table  7 shows 
that economic status (95.41%, 88.75%, and 107.64%), 

Fig. 2 The incidence of CHE in rural China from 2013 to 2018. Source: Author’s analysis
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Table 2 Determinants of the CHE using a logistic regression model (N = 2,575)

Abbreviations: CI Contribution Index, C.I. Contribution Interval

Variables Odds Ratio 95%C.I.

lower-bound upper-bound

Time (year)

 2013 1.00

 2015 0.87 0.75 1.00

 2018 1.46 1.27 1.68

Sex

 Female 1.00

 Male 0.92 0.80 1.05

Age(years)

 ≤ 50 1.00

 51–60 1.94 0.97 3.86

 61–70 3.11 1.56 6.19

 ≥ 71 5.08 2.54 10.16

Marital status

 With a spouse 1.00

 Else (unmarried, divorced, widowed, etc.) 0.69 0.52 0.91

Household size 1.03 0.84 1.27

Economic status

 Lowest 1.00

 Lower 1.01 0.80 1.26

 Middle 0.91 0.73 1.14

 Higher 0.66 0.52 0.84

 Highest 0.55 0.44 0.71

Education

 Elementary school-level education and below 1.00

 Junior high school-level education and above 0.87 0.73 1.05

Insurance

 No 1.00

 Yes 1.06 0.72 1.58

Smoke

 No 1.00

 Yes 0.93 0.79 1.09

Drink

 No 1.00

 Yes 0.79 0.68 0.92

Disability

 No 1.00

 Yes 1.16 0.88 1.54

Chronic diseases

 No 1.00

 Yes 1.52 1.29 1.79

Outpatient

 No 1.00

 Yes 1.41 1.20 1.66

Outpatient times 1.10 1.04 1.15

Inpatient

 No 1.00

 Yes 1.18 0.88 1.58

Inpatient times 1.20 0.94 1.52
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marital status (− 6.28%, −7.81%, and −3.37%), and gen-
der (0.97%, 0.91%, and 5.36%) were the top three deter-
minants of inequality when the age of the household 
head was ≥ 65 years in 2013, 2015, and 2018, respectively. 
Table 8 shows that economic status (85.42%, 57.16%, and 
64.25%), chronic diseases (5.03%, 8.54%, and 12.91%), and 
number of outpatient visits (2.99%, 18.50%, and −0.88%) 
were the top three determinants of inequality when the 
age of the household head was < 65 years in 2013, 2015, 
and 2018, respectively.

With regard to chronic diseases differences, S1 shows 
that among households with chronic diseases, eco-
nomic status (77.38%, 66.63%, and 68.04%), age (18.93%, 

Fig. 3 The concentration curves for rural households from 2013 to 2018. Source: Author’s analysis

Table 3 Concentration index of CHE in rural China from 2013 to 
2018

Abbreviations: CI Contribution index, C.I. Contribution interval

Time Concentration 
Index (CI)

95% C.I.

Lower-bound Upper-bound

2013 −0.1528 −0.1941 −0.1115

2015 −0.1010 −0.1442 −0.0577

2018 −0.0819 −0.1170 −0.0467

Fig. 4 The concentration index of CHE in rural China from 2013 to 2018. Source: Author’s analysis
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26.12%, and 35.41%), and marital status (−2.43%, 4.40%, 
and −5.94%) were the top three determinants affecting 
CHE inequality from 2013 to 2018. S2 shows that among 
households without chronic diseases, economic status 
(58.97%, 63.18%, and 50.95%), age (4.96%, 4.06%, and 
1.63%), and marital status (− 3.37%, 7.22%, and −5.14%) 
were also the top three determinates affecting CHE ine-
quality from 2013 to 2018; see the Additional file  1 for 
details.

Regarding education differences, S3 shows that among 
households receiving junior high school-level educa-
tion and above, economic status (69.16%, 66.39%, and 
51.82%), age (18.64%, 11.27%, and 18.34%), and chronic 
diseases (2.35%, 0.59%, and 8.53%) were the top three 
determinants of CHE inequality from 2013 to 2018. 
S4 shows that among households receiving elemen-
tary school-level education and below, economic status 
(79.34%, 64.50%, and 73.87%), age (20.17%, 39.19%, and 
40.34%), and chronic diseases (0.89%, 2.18%, and 3.57%) 
were the top three determinates of CHE inequality from 
2013 to 2018; see Additional file 1 for details.

Discussion
This study updates the knowledge on the trends in the 
equality of CHE for rural China in two ways. First, we 
used large, nationally representative longitudinal survey 
data from the CHARLS to evaluate the overall incidence 
of and trends and inequality in CHE from 2013 to 2018; 

thus, the findings are more generalizable to rural China 
and might help suggest a more apparent trend of CHE. 
Second, we conducted a heterogeneous decomposition 
analysis of the concentration index for CHE from 2013 
to 2018 in rural China, facilitating the identification of 
an effective way to reduce inequality. Our study has three 
main findings.

First, we observed that the incidence of CHE in rural 
households increased from 0.2341 to 0.2897, although the 
trend was not continuous. The incidence of CHE in rural 
households increased from 2013 to 2018, which was con-
sistent with the previous study [12, 16, 28]. One possible 
explanation is that OOP healthcare expenditure remains 
relatively high in China. As a consequence, patients and 
their households have greater financial risk and a higher 
probability of incurring CHE [29, 30]. Another possible 
explanation is the increased incidence of CHE due to 
the reimbursement policy of insurance system, which 
increases the need for medical care and direct and indi-
rect medical expenditure [16].

Second, the study found that economic status, age, 
chronic diseases, and healthcare utilization were the 
main factors influencing the occurrence of CHE, which 
was consistent with previous studies [31–33]. The 
potential reasons for this can be explained as follows: 
First, the older the person, the worse the health sta-
tus and the higher the healthcare expenditure, leading 
to a higher the likelihood of incurring CHE. Second, 

Table 4 Quantile regression results of household income on CHE

95% confidence intervals in brackets, *p < 0.1, **p < 0.05, ***p < 0.01

Variables Household income

q25 q50 q75

CHE −494.786*** (−746.920, −242.652) −2373.282*** (−3212.865, −1533.699) −8668.390*** (−11,217.787, −6118.992)

Time −11.263 (−75.056, 52.530) −50.656 (−244.125, 142.812) −0.000 (−509.719, 509.719)

Sex 1078.357*** (738.478, 1418.236) 2482.374*** (1445.865, 3518.884) 4349.501*** (1325.899, 7373.104)

Age −822.740*** (−1030.431, −615.049) −5640.978*** (−6469.727, −4812.228) −9316.166*** (−11,366.295, −7266.037)

Marital status −67.740 (−354.035, 218.554) −1997.626*** (−3055.989, −939.263) −9041.138*** (−13,370.558, −4711.717)

Household size 496.333** (82.688, 909.978) 1257.709** (241.380, 2274.039) 4608.026** (291.260, 8924.792)

Education 742.783** (142.485, 1343.082) 4759.358*** (2338.618, 7180.097) 10,116.805*** (6379.125, 13,854.486)

Insurance 462.538 (−96.275, 1021.350) 1493.687 (−366.315, 3353.690) −445.164 (−7324.263, 6433.935)

Smoke −210.922 (−572.380, 150.537) −376.969 (−1554.915, 800.977) −6121.501*** (−9351.603, −2891.400)

Drink −469.957*** (−752.526, −187.387) −2143.687*** (−3072.226, −1215.148) −257.527 (−2848.546, 2333.491)

Disability 224.723 (−263.331, 712.776) −2078.031*** (−3323.645, −832.417) −12,213.725*** (−15,249.696, −9177.753)

Chronic diseases −75.492 (−404.563, 253.579) −1416.816** (−2502.524, −331.108) −2674.447** (−5331.996, −16.898)

Outpatient −34.781 (−344.076, 274.514) 151.061 (−804.651, 1106.774) 335.418 (−2779.481, 3450.317)

Outpatient times −39.912 (−151.540, 71.717) −84.427 (−385.065, 216.211) −411.112 (−971.407, 149.184)

Inpatient −340.898 (−921.293, 239.497) −2732.556*** (−4713.183, −751.929) −10,132.582*** (−13,930.479, −6334.685)

Inpatient times 573.311** (5.934, 1140.688) 2560.279*** (819.132, 4301.427) 6755.444*** (3484.023, 10,026.865)

cons 25,875.340 (−102,818.275, 154,568.956) 123,530.642 (−265,988.612, 513,049.897) 52,240.473 (−976,195.222, 1,080,676.167)

N 7,725 7,725 7,725
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Table 5 Decomposition of the concentration index of inequality in CHE, 2013–2018

Abbreviation: CI Contribution Index

Variables 2013 2015 2018

Contribution to CI Contribution to 
CI %

Contribution to CI Contribution to 
CI %

Contribution to CI Contribution 
to CI %

Male −0.0006 0.37 −0.0010 1.02 −0.0007 0.88

Age

 51–60 years 0.0179 −11.68 0.0322 −31.90 0.0132 −16.13

 61–70 years −0.0040 2.62 −0.0049 4.83 −0.0026 3.19

 ≥ 71 years −0.0522 34.19 −0.0591 58.58 −0.0384 46.85

Junior high school − level 
education and above

0.0012 −0.77 −0.0020 2.03 −0.0052 6.34

Marital status 0.0044 −2.86 0.0055 −5.41 0.0040 −4.85

Insurance 0.0002 −0.14 −0.0002 0.24 0.0002 −0.30

Household size −0.0012 0.79 −0.0022 2.18 0.0036 −4.37

Economic status

 Lower −0.0021 1.36 0.0043 −4.29 −0.0035 4.26

 Middle 0.0001 −0.05 −0.0001 −0.05 0.0001 −0.10

 Higher −0.0235 15.41 −0.0192 19.06 −0.0146 17.81

 Highest −0.0868 56.78 −0.0490 48.54 −0.0293 35.75

Smoke −0.0010 0.63 0.0003 −0.33 −0.0001 0.13

Drink 0.0000 −0.03 0.0000 −0.32 0.0000 0.05

Disability −0.0002 0.14 −0.0004 0.35 −0.0009 1.10

Chronic diseases −0.0026 1.69 −0.0029 2.86 −0.0050 6.12

Outpatient −0.0006 0.38 −0.0004 0.38 −0.0002 0.30

Outpatient times −0.0015 0.98 −0.0033 3.24 0.0001 −0.09

Inpatient −0.0005 0.35 −0.0005 0.46 −0.0003 0.40

Inpatient times 0.0001 −0.07 0.0003 −0.30 0.0002 −0.24

Table 6 Heterogeneity analysis of the concentration index of CHE in rural China, 2013–2018

Abbreviations: CI Contribution Index, C.I. Contribution Interval

Time Age difference
≥ 65 < 65
CI 95% C.I CI 95% C.I

2013 −0.1332 (− 0.1825, −0.0839) −0.1120 (−0.1900, −0.0499)

2015 −0.1004 (− 0.1535, −0.0474) −0.0413 (−0.1130, 0.0302)

2018 −0.0514 (− 0.0939, −0.0089) −0.0561 (−0.1149, −0.0027)

Time Chronic diseases difference
Yes No
CI 95% C.I CI 95% C.I

2013 −0.1530 (− 0.2001, −0.1059) −0.1373 (−0.2208, −0.0539)

2015 −0.0900 (− 0.1395, −0.0405) −0.1130 (−0.2004, −0.0256)

2018 −0.0721 (− 0.1111, −0.0332) −0.0867 (−0.1632, −0.0102)

Time Education difference
Junior high school-level education and above Elementary school-level education and below
CI 95% C.I CI 95% C.I

2013 −0.1359 (0.1820, −0.0898) −0.1779 (−0.2686, −0.0873)

2015 −0.1010 (−0.1442, −0.0577) −0.1475 (−0.2445, −0.0504)

2018 −0.0589 (−0.0975, −0.0202) −0.1145 (−0.1953, −0.0337)
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Table 7 Decomposition of the concentration index of inequality in the CHE for age ≥ 65 years, 2013–2018

Abbreviation: CI Contribution Index

Variables 2013 2015 2018

Contribution to CI Contribution to 
CI %

Contribution to CI Contribution to 
CI %

Contribution to CI Contribution 
to CI %

Male −0.0013 0.97 −0.0009 0.91 −0.0028 5.36

Junior high school-level 
education and above

0.0005 −0.37 −0.0019 1.90 −0.0019 3.65

Marital status 0.0084 −6.28 0.0078 −7.81 0.0017 −3.37

Insurance 0.0007 −0.51 0.0002 −0.22 0.0019 −3.67

Household size −0.0051 3.83 −0.0082 8.21 0.0066 −12.77

Economic status

 Lower 0.0129 −9.68 0.0108 −10.79 −0.0001 0.15

 Middle −0.0110 8.23 −0.0023 2.30 0.0001 −0.10

 Higher −0.0430 32.29 −0.0381 37.90 −0.0257 49.99

 Highest −0.0860 64.57 −0.0596 59.34 −0.0296 57.60

Smoke −0.0001 0.09 −0.0000 0.02 0.0000 −0.12

Drink 0.0021 −1.56 0.0014 −1.37 0.0010 −1.97

Disability 0.0001 −0.08 −0.0001 0.13 0.0001 −0.19

Chronic diseases 0.0000 −0.02 0.0001 −0.07 0.0001 −0.19

Outpatient −0.0001 0.10 −0.0001 0.07 −0.0001 0.14

Outpatient times 0.0005 −0.41 −0.0001 0.14 0.0005 −0.88

Inpatient 0.0000 −0.00 −0.0000 0.03 0.0000 −0.02

Inpatient times 0.0005 −0.35 0.0001 −0.93 0.0005 −1.04

Table 8 Decomposition of the concentration index of inequality in the CHE for age < 65, 2013–2018

Abbreviation: CI Contribution Index

Variables 2013 2015 2018

Contribution to CI Contribution to 
CI %

Contribution to CI Contribution to 
CI %

Contribution to CI Contribution 
to CI %

Male 0.0004 −0.29 −0.0018 4.37 0.0020 −3.52

Junior high school-level 
education and above

−0.0011 0.92 0.0007 −1.67 −0.0042 7.40

Marital status −0.0017 1.46 0.0013 −3.19 0.0021 −3.69

Insurance −0.0000 0.00 0.0003 −0.76 0.0002 −0.40

Household size −0.0005 −0.46 0.0007 −1.61 0.0005 −0.86

Economic status

 Lower −0.0379 31.58 −0.0087 21.01 −0.0107 19.01

 Middle −0.0092 7.63 −0.0104 25.18 0.0095 −17.02

 Higher −0.0027 2.23 −0.0001 0.21 −0.0067 11.93

 Highest −0.0528 43.98 −0.0045 10.76 −0.0282 50.33

Smoke −0.0006 0.49 0.0006 −1.52 −0.0002 0.44

Drink −0.0004 0.30 −0.0003 0.73 −0.0005 0.84

Disability −0.0007 0.61 −0.0004 1.04 −0.0026 4.61

Chronic diseases −0.0060 5.03 −0.0035 8.54 −0.0072 12.91

Outpatient 0.0004 −0.32 0.0004 −0.92 −0.0010 1.75

Outpatient times −0.0036 2.99 −0.0077 18.50 −0.0002 −0.88

Inpatient −0.0016 1.35 −0.0009 2.18 −0.0010 1.75

Inpatient times −0.0000 0.01 −0.0001 0.36 −0.0001 0.21
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the higher the economic status, the more resistance to 
CHE; therefore, the lower the likelihood of CHE occur-
ring. Third, the likelihood of experiencing CHE since 
chronic conditions are inherently prone to deteriora-
tion, and complications, and require long − term adher-
ence to treatment, which leads to a continuous increase 
in healthcare expenditure. And finally, the more health 
care services are used, the higher the likelihood of 
encountering CHE. Finally, the more healthcare ser-
vices are used, the higher the likelihood of incurring 
CHE.

Third, we found that there existed a strong 
pro − low − economic inequality in CHE in rural China. 
Moreover, economic status, age, and chronic diseases 
were the three main contributors to the inequality in 
CHE in rural China. There are several possible expla-
nations: First, the health expenditure of China’s over-
60  years population was 1.6 times that of non-elderly 
people, which would place a heavy financial burden on 
their households and society. In addition, as the human 
epidemiological spectrum has changed, chronic dis-
eases have become one of the major threats to health. 
The Report on Nutrition and Chronic Diseases in China 
(2020) reported that the incidence of hypertension and 
diabetes in Chinese residents aged 18  years and above 
was 27.5% and 11.9%, respectively. Moreover, older per-
sons have always been more susceptible to chronic dis-
eases than their younger counterparts [34], therefore, 
there is an additive effect, especially in rural China.

Fourth, the heterogeneity analysis of CHE inequal-
ity by age, chronic disease, and education showed that 
CHE inequality was stronger for household heads 
aged ≥ 65 years than for those aged < 65 years. In addition, 
CHE inequality was also stronger for households without 
chronic diseases than for those with chronic diseases. 
Moreover, CHE inequality was stronger for households 
with elementary school-level education and below than 
for those with junior high school-level education and 
above. The finding may be explained by the following rea-
sons. As in previous studies, health was inversely related 
to age and the likelihood of physical illness increases with 
age [35]. Therefore, as individuals age, the likelihood of 
medical expenditure increases, and the elderly are more 
likely to experience CHE in rural China. In China, the 
government provides targeted health management meas-
ures for patients with chronic diseases, such as the pro-
vision of chronic diseases management services [36, 37], 
which can effectively reduce healthcare costs and the 
incidence of CHE in rural China. In addition, the higher 
the level of education, the greater the focus on health 
status. Higher educated people tend to prioritize disease 
prevention, which effectively reduces the cost of possible 

subsequent treatment, and are therefore less likely to 
experience CHE [38].

Finally, the results showed that the medical insurance 
system had little statistical significance for CHE and did 
not reduce the financial burden on rural households. This 
finding was similar to previous reports [39, 40]. The pos-
sible explanations are as follows: First, only 3.77% of the 
2,575 households in the study sample were not enrolled 
in any health insurance scheme; therefore, the smaller 
sample made the variable insignificant for CHE. Sec-
ond, although the medical insurance system reduces the 
burden of health care costs, it stimulates the demand 
for health care and, therefore, increases health care 
expenditure.

Strengths and limitations
This study has several strengths. First, this study meas-
ured the current status of CHE and inequality trends in 
rural China using balanced panel data from the CHARLS, 
which can provide a more comprehensive representation 
of CHE in rural China. Second, this study used a concen-
tration index method and quantile regression to calculate 
and validate the results on inequality in CHE. Finally, this 
study employed a heterogeneity analysis of the inequality 
in the occurrence of CHE in rural China, which provides 
a theoretical basis for targeted improvements in Chinese 
health policy.

This study also has some limitations. First, the data 
were self-reported and limited by the pre-specified ques-
tions, personal preferences, and recall bias, which might 
make them prone to measurement errors. Additionally, 
the availability of measurement determinants for CHE 
was limited by the pre-specified questions in the survey, 
such as the failure to account for rural households that 
did not seek or gave up treatment due to the inability to 
pay, and the indirect opportunity cost caused by care, 
which may lead to an underestimation of the incidence of 
and inequality in CHE. Furthermore, although this analy-
sis covered CHE in 2013, 2015, and 2018 in rural China, 
it was not continuous; hence, the data might not be com-
prehensive enough to identify the changes in the inequal-
ity in CHE. As continuous waves are to be added in the 
future, it will be important to reexamine these trends.

Conclusions
The results showed that the incidence of CHE in rural 
China displayed an upward trend, although it was not 
continuous, and its inequality in CHE was mainly focused 
on the pro-low-economic households. In addition to eco-
nomic status, age and chronic diseases were the main 
contributors to this pro-low-economic inequality. More-
over, heterogeneity differences in CHE inequality existed 
for age, chronic diseases, and education. Therefore, 
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health policies to allocate accessible and affordable 
resources and services are needed to satisfy the needs of 
rural households, especially for lower-economic-status 
households. Additional strategies are needed to further 
reduce the socioeconomic differences and narrow the 
health gap between different income groups, and more 
attention needs to be directed toward households with 
chronic diseases and older persons.
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