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Abstract

Background: Although numerous studies examine catastrophic health expenditures (CHE) worldwide, most focus
on whole populations rather than specific vulnerable groups. This study analyzes the extent, associated factors and
inequality of CHE in elderly household with chronic disease patients in China.

Methods: Data were obtained from a nationally representative elderly household survey—the China Health and
Retirement Longitudinal Study—that was conducted by the National School of Development of Peking University in 2011.
An elderly household with chronic disease patients is defined by≥ 1 chronic disease patient who is≥ 45 years of age. CHE
was measured according to the proportion of out-of-pocket health payments to non-food household expenditures. The
associated factors of CHE were estimated using ordinary least square and logistic regression modeling. CHE inequality was
measured according to the concentration index (CI) and its decomposition.

Results: CHE incidence and intensity were relatively high among elderly households with chronic disease patients. The
main associated factors of CHE include household size, having members > 65 years, having members with≥ 2 chronic
diseases, per capita income, and elderly household members demonstrating healthcare-seeking behaviors. Healthcare
insurance did not significantly affect CHE risk. Disproportionate concentration of CHE was noted among elderly households,
and poor elderly households demonstrated a higher probability of experiencing CHE. Factors such as household size, per
capita income, having members > 65 years, and having members with≥ 2 chronic diseases are major and positive
contributors to CHE inequality. Some inpatient and outpatient services are negatively contributed to CHE inequality,
suggesting that the unequal usage of such services reduces CHE inequality among elderly households with chronic disease
patients.

Conclusion: Policy efforts should focus on improving financial protection and relieving the economic burden of disease in
elderly households. The government should increase income subsidies and optimize social health insurance programs,
thereby reducing CHE and alleviating CHE inequality among elderly households in China.
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Introduction
The fundamental role of a healthcare system is to not only
improve population health outcomes but also protect house-
holds from illness-associated financial catastrophe [1].
Health expenditures are considered “catastrophic” when
they severely affect household living conditions, such as
sending the household into poverty. Globally, 44 million
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households annually face catastrophic health expenditures
(CHE), most of which are in low- and middle-income coun-
tries or countries that lack risk-sharing mechanisms [2,3].
Generally, two thresholds are widely used to define CHE:

1) out-of-pocket healthcare payments (OOP) that comprise
≥10% of total household expenditures [4-7]; and 2) out-of-
pocket healthcare payments that comprise ≥40% of non-
food household expenditures [8-11]. By deducting food
expenses, the latter indicator can partly avoid measurement
deviation that poor households which cannot afford to meet
catastrophic payments are ignored [12]. The incidence of
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catastrophic healthcare payments dramatically differs be-
tween countries. Developed high-income countries, such as
the United States, Germany, and Switzerland, have advanced
social insurance or tax-funded health systems that protect
households from catastrophic spending and reduce cata-
strophic incidence to < 1% (according to the 40% threshold).
Meanwhile, in many developing low- or middle-income
countries, such as Vietnam and Brazil, > 10% of households
experience CHE (according to the 40% threshold) because
of high rates of poverty and groups that are excluded from
financial risk-protection mechanisms [13]. Like many devel-
oping countries, China is also facing high disease burden
[14], OOP payments remain relatively high, and the overall
incidence of catastrophic health expenses is about 13%
(according to the 40% threshold) [15].
Chronic diseases often carry high economic burdens.

Many studies indicate that households with members who
have chronic conditions face higher financial risks than
other households, and there is distributive income inequality
in terms of CHE incidence and intensity [16-18]. Rahman
et al. reported that in Bangladesh CHE incidence among
households with members with chronic conditions is signifi-
cantly greater than other households, and the financial risk
of the lowest income households was about 3 times greater
than the highest income households [19]. Another study in
Bangalore also reported that CHE incidence among house-
holds with chronic disease patients is 16%, which notably
exceeds the average level of the whole population and pro-
poor CHE inequality exists among such households [20].
Meanwhile, several Chinese studies report that in rural
China households with members who have chronic condi-
tions have higher financial risks than other households
[21-25], and the incidence of CHE is almost 1.5 times
greater than the average level of whole population [26].
In recent years, the age of the Chinese population has

increased. Chronic diseases occur more frequently in
elderly people; hence, the prevalence of chronic diseases
is rising with the rapidly aging population, which over-
burdens households with health expenditures and in-
creases societal costs. In 2013, chronic conditions were
responsible for 75% of all deaths, and the financial
burden accounted for about 70% of the total economic
disease burden [27]. Despite many studies examine CHE
worldwide, most focus on whole populations rather than
specific vulnerable groups. In China, the elderly are
more sensitive to CHE, especially in rural areas, because
of the high prevalence of chronic disease, low incomes,
and the absence of social security mechanisms. This
paper provides new knowledge about the extent, relevant
factors and inequality of CHE in the elderly households
with chronic disease patients in China. Our findings may
contribute to improving and adjusting related healthcare
policy, thereby further relieving the economic burden of
disease.
Methods and data
Measuring CHE incidence and intensity
We measured CHE using the indicators reported by
Wagstaff et al. [12]. We used non-food household
expenditure instead of total household expenditure as
the denominator in order to calculate CHE, and thereby
partly avoid measurement deviations that are often
ignored in poor households. The indicator, E, was calcu-
lated to determine whether CHE occurred:

Ei ¼ 0 if T i= xi−f xð Þð Þ < z
1 if T i= xi−f xð Þð Þ≥z

�
ð1Þ

Where Ti is the OOP payment for healthcare by
household i; xi is the total expenditures of household i; f
(x) is the food expenditure of a household; and z is the
given catastrophic threshold. The incidence and intensity
of CHE were estimated as follows:

Headcount ¼ 1
N

XN

i¼1
Ei

.
ð2Þ

Overshoot ¼ 1
N

XN

i¼1
Ei Ti= xi−f xð Þð Þð Þ−zð Þ

.
ð3Þ

MPO ¼ O
H= ð4Þ

In Formulas (2)-(4), N is the sample size. CHE inci-
dence was estimated by performing a headcount. Head-
count is the percentage of households whose OOP
healthcare expenditures, as a fraction of non-food
household expenditures, exceeded a particular threshold.
CHE intensity was calculated using overshoot and mean
positive overshoot (MPO). Overshoot measures the de-
gree by which an average OOP health expenditure
crosses the given catastrophic threshold of the entire
sample, and MPO indicates the degree by which the
average OOP health expenditure of a household
exceeded the given threshold.

CHE concentration index
Because of the diminishing marginal utility of income,
the opportunity costs of healthcare spending by the poor
will be greater than the rich [28]. In order to reflect this
differential opportunity cost, we used a concentration
index (CI) to measure CHE distribution in relation to
income:

CI ¼ 2
μ cov h; rð Þ� ð5Þ

Where h is the healthcare sector variable; μ is its
mean; and r is the fractional rank of individuals in the
distribution of income. A positive CI value indicates that
CHE is greater among the rich, and a negative CI value
indicates that the poor are more likely to experience
CHE [29].
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CHE determinants and the decomposition of CI
Here, we define xk as related factors to CHE, and the
linear regression model of CHE and xk can be written as
follows:

Y i ¼ αþ
X

k
βkxki þ εi ð6Þ

where Y denotes the CHE incidence or intensity. We
used logistic regression modeling to estimate the related
factors of incidence because incidence is a binary vari-
able here. The concentration index can be decomposed
into the contributions of individual factors to CHE
inequality, in which each contribution is the product of
the sensitivity of CHE with respect to that factor the
degree of inequality in that factor [30]. Thus, the decom-
position of CI can be calculated as follows:

CI ¼
X

k
βk�xk=�Y
� �

CIk þ GCIε=�Y ð7Þ

Where �Y is the mean CHE; �xk is the mean xk; CIk is
the concentration index for xk; and GCIε is the general-
ized concentration index of the error term ε.

Data source
Data were obtained from a nationally representative elderly
household survey, the China Health and Retirement
Longitudinal Study (CHARLS), which is available online
at: http://charls.ccer.edu.cn/en/page/data/2011-charls-
wave1. This household survey, which included 150
counties in 28 provinces, aims to collect a high quality
nationally representative sample of Chinese residents
ages 45 and older to serve the needs of scientific re-
search on the elderly [31]. Participants include person ≥
45 years in any household and the individuals will be
followed up every two years. The number of sampled
households was 10,257, and the total number of partici-
pants was 17,708. Excluding missing data, 9530 sample
households were eventually included. According to the
CHARLS questionnaires, 14 chronic diseases were identi-
fied: hypertension, dyslipidemia (i.e., elevated low-density
lipoprotein, triglycerides, and total cholesterol or low high-
density lipoprotein), diabetes (i.e., high blood sugar), cancer
or malignant tumor (except minor skin cancers), chronic
lung disease (e.g., chronic bronchitis, emphysema), liver
disease (except fatty liver, tumors, and cancer), heart disease
(e.g., coronary heart disease, angina, congestive heart
failure, other heart problems), stroke, kidney disease (except
tumors or cancer), stomach and other digestive disease
(except tumor or cancer), emotional and psychiatric prob-
lems, memory-related disease, arthritis or rheumatism, and
asthma.
An elderly household with chronic disease patients is

defined by ≥ 1 chronic disease patient who is ≥ 45 years of
age. We identified 7695 such households, which accounted
for 80.7% of all elderly households. Detailed descriptions of
the variables are included in Table 1.
Mean OOP healthcare payments by elderly households

with chronic disease patients was 3227.07 yuan (RMB) (ap-
proximately US$ 509.89), which accounts for 21.6% of non-
food household expenditures (Table 1). In contrast, mean
OOP healthcare expenditure by other elderly households
was only RMB 1652.54 (approximately US$ 262.31), which
comprised 12.9% of non-food household expenditures. The
OOP healthcare expenditures of chronic disease patients
was RMB 2513.83 (approximately US$ 399.02), and its
share of OOP health expenditure was about 77.9%.

Results
CHE incidence and intensity in elderly households
CHE incidence and intensity in elderly household are
included in Table 2. As the threshold increased from
20% to 60% of non-food household expenditures, CHE
incidence fell dramatically. CHE incidence and intensity
were the greatest among rural elderly households with
chronic disease patients at any given threshold (which is
significantly different from urban elderly households),
and CHE was significantly greater among elderly house-
holds with chronic disease patients in comparison with
elderly households without chronic disease.
Using a non-food expenditure threshold of 40% (a widely

used threshold), the CHE incidence among all elderly
households was 25.64%. Meanwhile, overshoot was 6.21%,
which means elderly households on average spent 6.21%
over the 40% catastrophic threshold. Elderly households
that actually had experienced catastrophe at the 40%
threshold spent an average of 24.19% (MPO) over this
threshold. Thus, these households spent an average of
64.19% of all non-food expenditures on OOP medical ex-
penses. Of all households sampled, rural elderly households
with chronic disease patients demonstrated the greatest
headcount (30.57%), overshoot (7.6%) and mean positive
overshoot (24.85%), and urban elderly households with
chronic disease patients demonstrated the second greatest
headcount (22.03%) and overshoot (5.08%). As shown in
Table 2, there were statistically significant differences in
CHE between rural and urban households with chronic
disease patients, households with chronic disease patients,
and households without chronic disease.

Determinants of CHE in elderly households with chronic
disease patients
Table 3 shows the regression results of the related
factors of CHE in elderly household with chronic disease
patients at a non-food expenditure threshold of 40%.
These results indicate a significant negative correlation
between CHE incidence and intensity and household
size, which means that CHE are more likely to occur in
small elderly households. This effect was estimated to be

http://charls.ccer.edu.cn/en/page/data/2011-charls-wave1
http://charls.ccer.edu.cn/en/page/data/2011-charls-wave1


Table 1 Description of variables

Variables Description Elderly household with
chronic disease patients

Elderly household that
did not report chronic disease

Mean(S.D.) Mean(S.D.)

Household expenditure and OOP health expenditure

OOP payment for health care Household OOP medical expense over the last year (yuan RMB) 3227.07 (105.88) 1652.54 (207.06)

OOP payment of chronic disease patients OOP medical expense of chronic disease patients over the last year (yuan RMB) 2513.83 (84.76) -

Non-food household expenditure Household Non-food expenditure over the last year (yuan RMB) 14921.84 (402.07) 12785.67 (596.89)

Household socioeconomic factors

Marital status =1 if married; =2 if divorced, widowed or never married. 1.1908 (0.0045) 1.3206 (0.0109)

Household size =1 if living with children; =0 otherwise. 0.6570 (0.0054) 0.6990 (0.0107)

Receipt of economic assistance =1 if receiving economic supports; =0 otherwise. 0.4104 (0.0056) 0.3206 (0.0109)

Provision of economic assistance =1 if providing economic supports; =0 otherwise. 0.3605 (0.0055) 0.3495 (0.0111)

Providing care =1 if spending time taking care of grandchildren or parents; =0 otherwise. 0.3940 (0.0056) 0.3128 (0.0110)

Household members > 65 years =1 if having one or more members over 65 years of age; =0 otherwise. 0.3515 (0.0055) 0.2789 (0.0107)

Household members with ≥ 2 chronic diseases =1 if any patient has two or more chronic diseases; =0 otherwise. 0.6398 (0.0055) -

Per capita income household income per capita over the last year(yuan RMB) 9653.96 (175.31) 10777.86 (405.67)

Healthcare insurance =1if all patients have healthcare insurance; =0 otherwise. 0.9361 (0.2444) 0.9153 (0.2784)

Health-care seeking behaviors

Outpatient
service

Health care post or Village
clinic

=1 if the elderly go to health care post or village clinic for treatment; =0 otherwise. 0.0955 (0.0034) 0.0447 (0.0048)

First-level hospital =1 if the elderly go to first-level hospital for treatment; =0 otherwise. 0.0496 (0.0025) 0.0224 (0.0035)

Second-level hospital and
above

=1 if the elderly go to second-level hospital or above for treatment; =0 otherwise. 0.0754 (0.0030) 0.0289 (0.0039)

Inpatient service First-level hospital =1 if the elderly go to first-level hospital for hospitalization; =0 otherwise. 0.0222 (0.0017) 0.0076 (0.0020)

Second-level hospital and
above

=1 if the elderly go to second-level hospital or above for hospitalization; =0
otherwise.

0.0611 (0.0027) 0.0311 (0.0041)

Note: Health care post or village clinic is a health facility that is primarily devoted to the care of outpatients in an urban or rural area; First-level hospitals refer to urban community health centers and township
hospitals; second-level hospitals and above refer to general hospitals, specialized hospitals and Chinese medicine hospitals at county level and above.
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Table 2 Incidence and intensity of CHE in elderly households

Catastrophic threshold
(share of non-food household expenditure)

20% 30% 40% 50% 60%

Entire elderly households Headcount 44.53% 33.62% 25.64% 19.59% 13.90%

Overshoot 13.03% 9.14% 6.21% 3.95% 2.28%

Mean positive overshoot 29.22% 27.20% 24.19% 20.14% 16.27%

Rural elderly households with chronic disease patients Headcount 51.64% 39.68% 30.57% 23.46% 16.93%

Overshoot 15.66% 11.10% 7.60% 4.88% 2.85%

Mean positive overshoot 30.33% 27.98% 24.85% 20.82% 16.85%

Urban elderly households with chronic disease patients Headcount 38.73% 28.44% 22.03% 17.23% 10.50%

Overshoot 10.92% 7.57% 5.08% 3.10% 1.64%

Mean positive overshoot 28.18% 26.63% 23.06% 17.97% 15.66%

Rural elderly households that did not report chronic disease Headcount 29.10% 20.84% 13.54% 9.58% 7.19%

Overshoot 7.52% 5.05% 3.33% 3.10% 1.34%

Mean positive overshoot 25.85% 24.24% 24.57% 22.69% 18.61%

Urban elderly households that did not report chronic disease Headcount 14.86% 9.87% 8.23% 5.12% 3.12%

Overshoot 3.82% 2.60% 1.72% 1.07% 0.67%

Mean positive overshoot 25.70% 26.28% 20.84% 20.88% 21.51%

Diff-1 Headcount 0.1200** 0.1042** 0.0808** 0.0579** 0.0520**

(S.D.) 0.0136 0.0131 0.0123 0.0113 0.0100

Overshoot 0.0446** 0.0332** 0.0237** 0.0166** 0.0109**

(S.D.) 0.0058 0.0048 0.0038 0.0029 0.002

Diff-2 Headcount −0.2214** −0.1790** −0.1521** −0.1294** −0.0934**

(S.D.) 0.0131 0.0125 0.0115 0.0105 0.0092

Overshoot −0.0763** −0.0561** −0.0396** −0.0254** −0.0141**

(S.D.) 0.0055 0.0045 0.0036 0.0027 0.0019

Note: Diff-1 is the difference of incidence and intensity between rural and urban elderly households with chronic disease patients; Diff-2 is the difference of
incidence and intensity between elderly households with chronic disease patients and elderly households that did not report chronic disease; **implies
significance at 0.01, and *indicates significance at 0.05.
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greater in rural areas in comparison with urban areas.
Providing economic assistance and the presence of
household members > 65 years significantly increased
the incidence and intensity of CHE in rural elderly
households with chronic disease patients, but did not
affect CHE risk in urban elderly households. Elderly
households in which any patient had ≥ 2 chronic diseases
were more likely to experience CHE, and the effect of
having members with ≥ 2 chronic diseases on CHE inci-
dence and intensity was estimated to be greater in urban
areas than rural areas. Household per capita income was
negatively correlated with CHE incidence and intensity.
In other words, per capita income increased as CHE risk
decreased. Healthcare insurance did not significantly
affect the incidence and intensity of CHE in rural elderly
households with chronic disease patients. CHE risk in
rural elderly households was significantly higher when
the elderly persons went to all categories of hospitals for
outpatient and inpatient services, and this effect was as-
sociated with the hospital level. However, among urban
elderly households, CHE was not statistically or signifi-
cant affected when elderly patients went to hospitals at
or above first-level for outpatient services or first-level
hospitals for inpatient services. Only when urban elderly
patients went to second-level hospitals and above for
inpatient services was CHE incidence and intensity
significantly increased.

CHE inequality in elderly households
Given the differential opportunity costs of healthcare
spending between the poor and rich, we measured the
CHE distribution in relation to income. Table 4 shows
the CI of CHE incidence and intensity in elderly house-
holds. As the threshold increased from 20% to 60% of
non-food household expenditures, the CI of incidence
and intensity were all negative: this means that poor eld-
erly households are at higher risk of experiencing CHE.
At the 40% threshold and above, we found that the
absolute value of the CI (both incidence and intensity)
of rural elderly households with chronic disease patients



Table 3 Association between factors and CHE in elderly households with chronic disease patients (at a non-food
expenditure threshold of 40%)

Incidence of CHE Intensity of CHE

Rural areas Urban areas Rural areas Urban areas

Coefficient S.D. Coefficient S.D. Coefficient S.D. Coefficient S.D.

Marital status 0.1887 0.1638 0.2316 0.1747 −0.0004 0.0060 0.0188 0.0106

Household size −0.3182** 0.0487 −0.4802** 0.0948 −0.0649** 0.0055 −0.0300** 0.0080

Receipt of economic assistance 0.0809 0.0462 −0.0718 0.1480 0.0075 0.0043 −0.0001 0.0116

Provision of economic assistance 0.1794** 0.0505 0.1081 0.1355 0.0190** 0.0047 0.0089 0.0091

Providing care −0.0273 0.0485 −0.0024 0.0959 −0.0051 0.0043 −0.0054 0.0080

Household members > 65 years 0.1345** 0.0497 0.2252 0.1540 0.0126* 0.0052 0.0112 0.0096

Household members with ≥ 2 chronic diseases 0.3871** 0.0450 0.6050** 0.1255 0.0287** 0.0041 0.0339** 0.0074

Per capita income −0.0153** 0.0038 −0.0366** 0.0131 −0.0057** 0.0014 −0.0070 0.0040

Healthcare insurance 0.2651 0.1557 −0.3086 0.2189 0.0069 0.0101 −0.0123 0.0110

Outpatient service Health care post or village clinic 0.1927** 0.0667 −0.5182 0.3017 0.0194** 0.0070 −0.0295* 0.0127

First-level hospital 0.3235** 0.0878 0.2535 0.2891 0.0234* 0.0098 0.0219 0.0377

Second-level hospital and above 0.3537** 0.0905 0.1730 0.1577 0.0410** 0.0106 0.0174 0.0131

Inpatient service First-level hospital 0.4539** 0.1083 −0.1315 0.6303 0.0676** 0.0163 0.0205 0.0419

Second-level hospital and above 0.7031** 0.0937 0.9663** 0.2808 0.0931** 0.0118 0.0725** 0.0207

Constant −0.1555 0.1434 −0.1850 0.4640 0.1337** 0.0158 0.0871* 0.0435

Note: **implies significance at 0.01; *indicates significance at 0.05.
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was greater than urban elderly households. Meanwhile,
below the threshold of 40%, the absolute value of the CI
for rural elderly households with chronic disease pa-
tients was smaller than urban elderly households.

Decomposition of CHE inequality in elderly households
with chronic disease patients
Tables 5 and 6 show the CI and relative contributions of
each related factor of CHE inequality in elderly house-
holds with chronic disease patients at a non-food
expenditure threshold of 40%. A positive contribution to
socioeconomic inequality means that the relevant
variable increases inequality, and vice versa. As shown in
the fifth and the last column of Table 5, the majority of
the observed inequalities in incidence in rural elderly
Table 4 Concentration indexes of CHE in elderly households

C

2

Rural elderly households with chronic disease patients Incidence −

Intensity −

Urban elderly households with chronic disease patients Incidence −

Intensity −

Rural elderly households that did not report chronic disease Incidence −

Intensity −

Urban elderly households that did not report chronic disease Incidence −

Intensity −
households with chronic disease patients can be attrib-
uted to household size (72.00%), per capita income
(21.22%), and having members > 65 years (13.84%), and
provision of economic assistance (12.43%). The total
contribution percentage is 108.84%, which means that
8.84% of the negative contribution to inequality in inci-
dence is explained in the error term of the regression. In
urban areas, the major positive contribution to inequal-
ity is mainly associated with household size (73.35%),
having members with ≥ 2 chronic diseases (54.71%), per
capita income (44.52%), and household members >
65 years (17.86%). The total contribution percentage is
98.88%, which means that 1.12% of the positive contri-
bution to inequality in incidence is explained in the
error term of the regression. The fifth and last column
atastrophic threshold (share of non-food household expenditure)

0% 30% 40% 50% 60%

0.0841 −0.1111 −0.1488 −0.1704 −0.1857

0.1502 −0.1729 −0.1923 −0.2090 −0.2335

0.1246 −0.1438 −0.1433 −0.1284 −0.1522

0.1433 −0.1465 −0.1482 −0.1559 −0.1867

0.0981 −0.1448 −0.1955 −0.2049 −0.1905

0.1718 −0.1951 −0.2098 −0.2128 −0.2274

0.3362 −0.4117 −0.3956 −0.3833 −0.4021

0.4205 −0.4418 −0.4595 −0.5069 −0.5765



Table 5 Decomposition of concentration index of incidence in elderly households with chronic disease patients (at a non-food expenditure threshold of 40%)

Rural areas Urban areas

Elasticity Concentration
index (CI)

Contribution
to CI

Contribution
to CI %

Elasticity Concentration
index (CI)

Contribution
to CI

Contribution
to CI %

Marital status 0.6974 0.0397 0.0277 −18.61% 0.865 0.0591 0.0511 −35.66%

Household size −0.7269 0.1474 −0.1071 72.00% −1.2236 0.0859 −0.1051 73.35%

Receipt of economic assistance 0.1117 −0.0884 −0.0098 6.64% −0.0936 −0.1343 0.0126 −8.79%

Provision of economic assistance −0.2047 0.0906 −0.0185 12.43% −0.1981 0.0741 −0.0147 10.26%

Providing care −0.0349 0.0784 −0.0027 1.81% −0.0047 0.073 −0.0003 0.21%

Household members > 65 years 0.1562 −0.132 −0.0206 13.84% 0.3505 −0.0729 −0.0256 17.86%

Household members with ≥ 2 chronic diseases 0.7874 −0.0161 −0.0127 8.53% 1.812 −0.0433 −0.0784 54.71%

Per capita income −0.3505 0.0901 −0.0316 21.22% −1.4713 0.0434 −0.0638 44.52%

Health insurance 0.8086 0.0048 0.0039 −2.61% −1.2086 −0.0014 0.0017 −1.19%

Outpatient service Health care post or Village clinic 0.0725 −0.0402 −0.0029 1.95% −0.0566 −0.3169 0.0179 −12.49%

First-level hospital 0.056 0.0364 0.002 −1.34% 0.0566 −0.0341 −0.0019 1.33%

Second-level hospital and above 0.0722 0.0093 0.0007 −0.47% 0.1111 0.1978 0.022 −15.35%

Inpatient service First-level hospital 0.0388 −0.143 −0.0055 3.70% −0.0022 −0.1359 −0.0016 1.12%

Second-level hospital and above 0.1232 −0.0368 −0.0045 3.02% 0.4483 0.099 0.0444 −30.98%

Total −0.1619 108.84% −0.1417 98.88%
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Table 6 Decomposition of concentration index of intensity in elderly households with chronic disease patients (at a non-food expenditure threshold of 40%)

Rural areas Urban areas

Elasticity Concentration
index (CI)

Contribution
to CI

Contribution
to CI %

Elasticity Concentration
index (CI)

Contribution
to CI

Contribution
to CI %

Marital status −0.0043 0.0397 −0.0002 0.09% 0.3049 0.0591 0.018 −12.15%

Household size −0.5652 0.1474 −0.1211 62.99% −1.1583 0.0859 −0.0995 67.14%

Receipt of economic assistance 0.0443 −0.0884 −0.0039 2.04% −0.0008 −0.1343 0.0001 −0.07%

Provision of economic assistance −0.0874 0.0906 −0.0079 4.12% −0.0705 0.0741 −0.0052 3.51%

Providing care −0.0264 0.0784 −0.0021 1.08% −0.0454 0.073 −0.0033 2.23%

Household members > 65 years 0.0588 −0.132 −0.0078 4.04% 0.0757 −0.0729 −0.0055 3.71%

Household members with ≥ 2 chronic diseases 0.2352 −0.0161 −0.0038 1.97% 0.4407 −0.0433 −0.0191 12.89%

Per capita income −0.5996 0.0901 −0.054 28.10% −1.3067 0.0434 −0.0567 38.26%

Health insurance 0.0844 0.0048 0.0004 −0.21% −0.2097 −0.0014 0.0003 −0.20%

Outpatient service Health care post or Village clinic 0.0294 −0.0402 −0.0012 0.61% −0.014 −0.3169 0.0044 −2.97%

First-level hospital 0.0163 0.0364 0.0006 −0.31% 0.0212 −0.0341 −0.0007 0.47%

Second-level hospital and above 0.0337 0.0093 0.0003 −0.16% 0.0484 0.1978 0.0096 −6.48%

Inpatient service First-level hospital 0.0232 −0.143 −0.0033 1.73% 0.0015 −0.1359 −0.0002 0.13%

Second-level hospital and above 0.0657 −0.0368 −0.0024 1.26% 0.1458 0.099 0.0144 −9.72%

Total −0.2064 107.35% −0.1434 96.76%
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of Table 6 shows that the main positive contribution to
inequality in intensity in rural elderly households with
chronic disease patients is associated with household
size (62.99%) and per capita income (28.10%), while the
main contributors to urban elderly households with
chronic disease patients are household size (67.14%), per
capita income (38.26%) and household members with ≥ 2
chronic diseases (12.89%). The total contribution per-
centages are 107.35% and 96.76% respectively, which
means that 7.35% of the negative contribution in rural
area and 3.24% of the positive contribution in urban area
are explained in the error term of the regression. Some
inpatient and outpatient services are negatively contrib-
uted to CHE inequality, suggesting that the unequal
usage of such services reduces CHE inequality in elderly
households with chronic disease patients.

Discussion
To the best of our knowledge, this study, which was con-
ducted using a representative Chinese household survey, is
the first to analyze the extent, relevant factors and inequal-
ity of CHE in elderly households with chronic disease
patients. It is also one of the few studies to assess CHE in
China [15,21-25].
Here, we found that 25.64% of elderly households dem-

onstrate levels of health expenditure > 40% of their non-
food expenditures and rural elderly households with
chronic disease patients demonstrate the greatest incidence
of CHE (30.57%), which are much higher than the overall
CHE incidence assessed by another Chinese study (13.0%
at the 40% threshold) [15]. This finding also demonstrates
that the elderly’s risk tolerance for healthcare payments is
actually lower than the average in China. CHE incidence
and intensity in elderly households with chronic disease
patients is significantly higher than elderly households that
did not report chronic disease, which means that policy
efforts need to focus on the elderly population with chronic
disease in order to reduce household CHE and relieve the
economic burden of chronic disease. Furthermore, more
attention needs to be directed toward the rural elderly with
chronic diseases because their households are at the great-
est risk of experiencing CHE.
The factors associated with CHE incidence and intensity

in elderly households with chronic disease patients include
household size, providing economic assistance, having mem-
bers > 65 years, having members with ≥ 2 chronic diseases,
per capita income and health-care seeking behaviors. Specif-
ically, large household size protects against CHE, which is
more common in rural areas. Providing economic assistance
and having members > 65 years increases the risk of CHE in
rural elderly households with chronic disease, but does not
affect urban elderly households; this indicates the rural–
urban income gap and differences in family structure in
China. The finding that healthcare insurances do not
significantly affect CHE is similar to some existing literatures
[25,32-34]. This demonstrates that healthcare insurance
systems which mainly include some social health insurance
programs in China actually have not reduced the risk of
catastrophic spending and relieved financial burden of
elderly population. The weak performance of social health
insurance in financial protection maybe caused by the high
prevalence of chronic diseases among elderly population
and the corresponding medical expenditure pattern in policy
design. Increasing compensation for chronic care of certain
diseases should be a practicable way to improve the effect-
iveness and sustainability of health insurance system in
China. The healthcare-seeking behaviors of the elderly affect
CHE risk and demonstrated a huge discrepancy between
rural and urban areas. In rural areas, CHE risk increased
when elderly patients went to any type of hospital for out-
patient or inpatient services. However, in urban areas, only
when elderly patients went to second-level hospitals and
above for inpatient services did CHE incidence and intensity
significantly increase. Therefore, policies should be adjusted
according to the differences between rural and urban areas
in order to mitigate CHE risk in elderly households.
This study reveals the disproportionate concentration of

CHE among poor elderly households and demonstrates
that poor elderly households are at higher risk of experien-
cing CHE, similar to other published studies [18-20].
Hence, from a social welfare perspective, catastrophic pay-
ment problems are worse than it appears by simply looking
at the fraction of the population that exceeds the threshold
because this overlooks the fact that the poor tend to exceed
this threshold [29]. In addition, we observed that CHE
inequality increased more among rural elderly households
with chronic disease patients than urban elderly households
as the threshold increased, demonstrating that low-income
rural elderly households with chronic disease patients are
more likely to experience CHE. Factors such as household
size, per capita income, having members > 65 years, and
having members with ≥ 2 chronic diseases significantly
affect the level of CHE and are major positive contributors
to CHE inequality among elderly households with chronic
disease patients. Hence, policies aimed at reducing CHE in-
equality must address the socioeconomic factors of health-
care outcomes among the elderly, such as implementing
strategies that increase income among low-income elderly
households, narrow the income gap, adjust the policy of
healthcare insurance, and reduce the effects of socioeco-
nomic status on CHE inequality. The unequal usage of
some inpatient and outpatient services reduced CHE
inequality among elderly households with chronic disease,
thereby providing specific evidence that the government
must adjust policies that affect the elderly population in
order to decrease CHE inequality.
Our analysis shows that CHE severely affects the living

conditions of elderly households with chronic disease
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patients in China. Therefore, policy efforts should further
focus on enhancing financial protection and reducing CHE,
especially among low-income rural elderly households with
chronic disease patients. First, the government should
gradually increase welfare subsidies or establish some kind
of subsidiary fund that relieves the economic burden of
disease in low-income rural elderly household with chronic
disease patients. Second, the government should work to
improve low-income elderly household’s ability of obtaining
income, which will not only reduce CHE incidence and
intensity but also decrease CHE inequality. Third, social
health insurance programs that are organized and spon-
sored by government aim to protect its members against
CHE, but according to our findings, this objective is actu-
ally not achieved in vulnerable groups. This is maybe
caused by high medical costs, low effective reimbursement
levels, and limited coverage [35]. Therefore, the govern-
ment should further optimize and adjust these programs to
reduce CHE and alleviate pro-poor CHE inequality among
elderly households. Specifically, we need to reconsider
benefit packages and redesign social healthcare insurance
programs in order to further protect the elderly population
with chronic disease. According to our findings, more
attention should be paid to improving the reimbursement
level of healthcare insurance programs to people > 65 years
and elderly patients with ≥ 2 chronic diseases. In rural areas,
this should further increase the reimbursement ratio of
outpatient and inpatient expenditures to the elderly who
receive treatment at every kind of hospitals. However, in
urban areas, policy efforts should focus on improving the
reimbursement ratio of inpatient spending to the elderly
patients treated at county hospitals and above. In addition,
medical financial assistance programs may need to be
extended, especially to the poor and rural elderly, in order
to supplement healthcare insurance and help further relieve
the economic burden of disease.
Some limitations of our study must be acknowledged.

We evaluated CHE incidence and intensity only in eld-
erly households that actually presented for treatment
and did not take into account elderly households that
could not afford treatment. Many patients decide not to
continue treatment because of insufficient resources.
Thus, CHE incidence and intensity in elderly households
might have been underestimated to some extent. In
addition, our findings demonstrated that chronic disease
is predictive of catastrophic health expenditure amongst
households with elderly members but did not shed light
on whether chronic or acute conditions are more likely
to cause CHE. A lack of data and discussion regarding
acute conditions is a limitation of the study.

Conclusions
The findings revealed that CHE incidence and intensity
were relatively high among elderly households with chronic
disease patients. Furthermore, more attention needs to be
directed toward the rural elderly with chronic diseases be-
cause their households are at the greatest risk of experien-
cing CHE. Some socioeconomic factors significantly affect
CHE and are major positive contributors to CHE inequality
among elderly households with chronic disease, which
means that policies aimed at reducing CHE and its inequal-
ity must address the socioeconomic factors of healthcare
outcomes among the elderly. Social health insurance pro-
grams have not reduced the risk of catastrophic spending
and relieved financial burden of elderly population in
China. Therefore, the government should further optimize
and adjust these programs to further protect the elderly
population with chronic disease.

Ethics statement
The study was approved by the ethics committee of Nanjing
Medical University and the ethical reviews board of Peking
University. All participants provided written informed
consent.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
ZW was involved in data collection, analysis, and writing the manuscript. MC
was involved in data analysis and took the lead on writing the manuscript.
XL provided statistical support. All of the authors have read and approved
the entire manuscript.

Acknowledgments
The authors are grateful to many people and groups who made this study
possible. We especially thank the head of the National School of
Development, Peking University, and other members for providing
assistance. We would also like to thank Prof. Jiaying Chen and Dr. Dongfu
Qian who provided invaluable comments and suggestions for this paper. Dr.
Wang would also like to thank the National Natural Science Fund (71303124)
from the national natural science foundation committee for their support.

Author details
1School of Health Policy & Management, Nanjing Medical University, Nanjing,
China. 2School of Economics and Management, Nanjing University of
Traditional Medicine, Nanjing, China.

Received: 18 October 2014 Accepted: 6 January 2015

References
1. World Health Organization. The World health report: 2000: Health systems:

improving performance. Geneva: World Health Organization; 2000.
924156198X 1020–3311 924156198X 1020–3311. 215.

2. Xu K, Evans DB, Carrin G, Aguilar-Rivera AM, Musgrove P, et al. Protecting
households from catastrophic health spending. Health Aff (Millwood).
2007;26:972–983.3.

3. Shahrawat R, Rao KD. Insured yet vulnerable: out-of-pocket payments and
India’s poor. Health Policy Plan. 2012;27:213–21.

4. O’Donnell O, van Doorslaer E, Rannan-Eliya A, Somanathan CG, et al.
Explaining the Incidence of Catastrophic Payments for Health Care:
Comparative Evidence from Asia.EQUITAP Working Paper No.5. Rotterdam,
Netherlands, and Institute of Policy studies: Erasmus University; 2005.

5. Galarraga O, Sosa-Rubi SG, Galarraga O, Salinas-Rodriguez A, Sesma-Vazquez
S. Health insurance for the poor: impact on catastrophic and out-of-pocket
health expenditures in Mexico. Health Econ. 2010;11:437–47.



Wang et al. International Journal for Equity in Health  (2015) 14:8 Page 11 of 11
6. Bredenkamp C, Mendola M, Gragnolati M. Catastrophic and impoverishing
effects of health expenditure: new evidence from the western Balkans.
Health Policy Plan. 2011;26:349–56.

7. Limwattananon S, Tangcharoensathien V, Prakongsai P. Catastrophic and
poverty impacts of health payments: results from national household
surveys in Thailand. Bull World Health Organ. 2007;85:600–6.

8. Xu K, Evans DE, Kawabate K, Zeramdini R, Klavus J, Murray CJL. Household
catastrophic health expenditure: a multicountry analysis.”. Lancet.
2003;362:111–7.

9. Kavosi Z, Rashidian A, Pourreza A, Majdzadeh R, et al. Inequality in
household catastrophic health care expenditure in a low income society of
Iran. Health Policy Plan. 2012;27:613–23.

10. Onwujekwe O, Hanson K, Uzochukwu B. Examining inequities in incidence
of catastrophic health expenditures on different healthcare services and
health facilities in Nigeria. PLoS One. 2012;7:e40811.

11. Van Minh H, Phuong N, Saksena P, James CD, Xu K. Financial burden of
household out-of-pocket health expenditure in Viet Nam: findings from the
national living standard survey 2002–2010. Soc Sci Med. 2013;96:258–63.

12. Wagstaff A, van Doorslaer E. Catastrophic and impoverishment in paying for
health care: with application to Vietnam 1993–98. Health Econ.
2003;12:921–34.

13. Xu K, Ravndal F, Evans DB, Carrin G. Assessing the reliability of household
expenditure data: results of the world health survey. Health Policy.
2009;91:297–305.

14. Wagstaff A, Lindelow M. Can insurance increase financial risk? The curious
case of health insurance in China. J Health Econ. 2008;27:990–1005.

15. Wu QH, Li Y, Xu L, Hao YH. Effect of health insurance on reduction of
catastrophic health expenditure in China. Chinese J Health Policy.
2012;9:62–6.

16. Onoka CA, Hanson K, Onwujekwe O, Uzochukwu B. Examining catastrophic
health expenditures at variable thresholds using household consumption
expenditure diaries. Trop Med Int Health. 2011;16(10):1334–41.

17. Flores G, Krishnakumar J, O’Donnell O, van Doorslaer E. Coping with health-
care costs: implications for the measurement of catastrophic expenditures
and poverty. Health Econ. 2008;17:1393–412.

18. Yardim MS, Cilingiroglu N, Yardim N. Catastrophic health expenditure and
impoverishment in Turkey. Health Policy. 2010;94(1):26–33.

19. Rahman M, Gilmour S, Saito E, Sultana P, Shibuya K. Health-related financial
catastrophe, inequality and chronic illness in Bangladesh. PLoS One.
2013;8:e56873.

20. Bhojani U, Thriveni BS, Devadasan R, Munegowda CM, Devadasan N,
Kolsteren P, et al. Out-of-pocket healthcare payments on chronic conditions
impoverish urban poor in Bangalore. BMC Public Health. 2012;12:990.

21. Cui Y, Liu JA, Wang Q, Yang L, Shi SH. Analysis of catastrophic health
payment among rural families with hypertension patients in poor region.
Chinese Primary Health Care. 2011;25:37–9.

22. Wan YY, Luo M, Lin Y, Zhang JY. Analysis of catastrophic health payment in
low-income rural household in China. Modern Preventive Medicine.
2011;23:4889–91.

23. Chen YY, Yin AT. Research of catastrophic health expenditure determinants
among rural inhabitants in Tengzhou city. Chinese Health Econ.
2012;31:19–21.

24. Yan JE, Hao NN, Shi FM. The changes and influencing factors on
catastrophic health payment before and after new health care reform.
Chinese J Health Policy. 2013;6:30–3.

25. Jiang C, Ma J, Zhang X, Luo W. (2012) Measuring financial protection for
health in families with chronic conditions in Rural China. BMC Public Health.
Nov 16; 12:988. doi:10.1186/1471-2458-12-988.

26. Chen YY, Yin AT, Zhao WJ, Chen YY, Yin AT, Zhao WJ, et al. Research on the
association of rural residents disease economic risk and disastrous health
spending. Health Econ Res. 2012;29:26–30.

27. Ministry of health. The chronic disease prevention plan of China 2012–2015.
China: Ministry of Health; 2012. http://www.nhfpc.gov.cn/jkj/s5878/201205/
a4e2a5d283e72c.shtml.

28. Wagstaff A. The economic consequences of health shocks: evidence from
Vietnam. J Health Econ. 2007;26:82–100.

29. O’Donnell O, van Doorslaer E, Wagstaff A, and Lindelow M. Analyzing health
equity using household survey data: a guide to techniques and their
implementation. World Bank Institute Learning Resources Series 202–210,
World Bank Publications: Washington, DC USA; 2007.
30. O’Donnell O, van Doorslaer E, Wagstaff A, and Lindelow M. Analyzing health
equity using household survey data: a guide to techniques and their
implementation. World Bank Institute Learning Resources Series 2007;159–164.

31. National School of Development. China health and retirement longitudinal
study. Peking University; 2012. http://charls.ccer.edu.cn/zh-CN.

32. Liu H, Zhao Z. Impact of China’s urban resident basic medical insurance on
health care utilization and expenditure. IZA Discussion Paper No. 6768.
Bonn Germany, and Institute for The Study of labor: University of Bonn; 2012.

33. Wagstaff A, Lindelow M, Gao J, Xu L, Qian JC. Extending health insurance to
the rural population: an impact evaluation of China’s New cooperative
medical scheme. J Health Econ. 2009;28:1–19.

34. Lei X, Lin S. The new cooperative medical scheme in rural China: does more
coverage mean more service and better health? Health Econ.
2009;18:25–46.

35. Zhang L, Cheng X, Tolhurst R, Tang SL, Liu XY. How effectively can the new
cooperative medical scheme reduce catastrophic health expenditure for the
poor and non-poor in rural China. Trop Med Int Health. 2010;15:468–75.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.nhfpc.gov.cn/jkj/s5878/201205/a4e2a5d283e72c.shtml
http://www.nhfpc.gov.cn/jkj/s5878/201205/a4e2a5d283e72c.shtml
http://charls.ccer.edu.cn/zh-CN

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods and data
	Measuring CHE incidence and intensity
	CHE concentration index
	CHE determinants and the decomposition of CI
	Data source

	Results
	CHE incidence and intensity in elderly households
	Determinants of CHE in elderly households with chronic disease patients
	CHE inequality in elderly households
	Decomposition of CHE inequality in elderly households with chronic disease patients

	Discussion
	Conclusions
	Ethics statement

	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

