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Abstract 

Objective: Middle-aged and older adults are more likely to suffer from chronic diseases because of their particular 
health characteristics, which lead to a high incidence of catastrophic health expenditure (CHE). This study plans to 
analyse the different factors affecting CHE in middle-aged and older adults with chronic diseases, target the vulner-
able characteristics, and suggest groups that medical insurance policies should pay more attention to.

Methods: The data used in this study came from the 2018 China Health and Retirement Longitudinal Study (CHARLS) 
database. The method of calculating the CHE was adopted from the World Health Organization (WHO). The logistic 
regression was used to determine the family characteristics of chronic disease in middle-aged and older adults with a 
high probability of incurring CHE.

Results: The incidence of CHE in middle-aged and older adults with chronic disease was highest in sub-poverty level 
families (26.20%) was lowest in wealthier level families (20.07%). Households with malignant tumours had the highest 
CHE incidence under any circumstances, especially if the householder had been using inpatient service in the past 
year. Among the comparison of CHE incidence in different types of medical insurance, the Urban and Rural Residents’ 
Basic Medical Insurance (URRBMI) was the highest (27.46%). The incidence of CHE was 2.73 times (95% CI 2.30–3.24) 
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Background
With advancements in civilization, the spectrum of dis-
eases is changing. Currently, chronic diseases are the 
predominant cause of human illness. The World Health 
Organization (WHO) reported that chronic diseases 
kill 40 million people per year, which accounts for 70% 
of global deaths [1]. Moreover, WHO data revealed that 
seven of the ten leading causes of death in 2019 were 
chronic diseases, accounting for 44% of all deaths, or 80% 
of the top 10 [2]. Excluding Alzheimer’s or dementia, the 
top five chronic diseases with the highest death rates are 
heart disease, stroke, chronic lung disease, malignant 
tumours, and diabetes. However, long courses and high 
costs of treatment for chronic diseases place a heavy 
economic burden on middle-aged and older adults [3]. 
Simultaneously, the proportion of middle-aged and older 
adults in the total population is increasing. According 
to data from the World Population Prospects 2019, the 
United Nations predicts that by 2020, the global popu-
lation aged 45 years and above will reach 2.362 billion, 
accounting for 30.31% of the total population [4].

Moreover, in recent years, chronic diseases have 
become a significant public health problem impacting 
China’s economic and social development. According 
to survey data from 2015, the number of deaths and the 
disease burden caused by chronic diseases accounted for 
86.6% and nearly 70% of China’s total deaths and total 
disease burden, respectively [5]. Moreover, the WHO 
reported in 2015 that the direct medical costs of chronic 
diseases in China exceeded $500 billion. If no effective 
measures are taken to curb this, then rapid ageing may 
increase the economic burden of chronic diseases by 40% 
by 2030 [1]. Furthermore, the burden of chronic diseases 
is not only heavy for countries, but also for individuals. 
For example, Li Liu et al. showed that the average hospi-
talization cost for diabetic patients was more than twice 
that of non-diabetic patients [6].

China’s medical insurance system is an important 
measure to reduce the economic burden of chronic 
diseases for individuals. In 2019, the Chinese govern-
ment spent 845.916 billion yuan on medical insurance, 

accounting for 46.95% of the total health expenditure 
[7]. By the end of 2020, 1.361 million people in China 
had obtained full coverage of basic medical insurance, 
with coverage stabilizing at over 95% [8]. Despite these 
efforts, China’s coverage remains insufficient [9]. Xu 
et al. reported that the additional annual expenditure on 
inpatient care (per member) in elderly chronic disease 
families (ECD-family) was 37–45% more than the annual 
spending in the control group. Moreover, approximately 
35–43% of the average ECD-family’s expenditure was 
spent on out-of-pocket inpatient and outpatient care 
[10]. Therefore, under the current health insurance pol-
icy, the economic burden of disease in the ECD-family is 
much heavier than in families without chronic diseases. 
In summary, the universal health care system should be 
enhanced to target vulnerable groups and to help families 
trapped in the vicious cycle of poverty and disease.

Additionally, various factors influence the occur-
rence of catastrophic health expenditures (CHE). First, 
socio-demographic characteristics are the main deter-
minants for the occurrence of CHE. Xu et  al. reported 
that factors such as age, family size, and income signifi-
cantly impact the health expenditure of urban Chinese 
households [11]. Another study showed that households 
headed by females and middle-aged adults (40–59 years) 
are less likely to suffer CHE. However, the likelihood of 
CHE is higher in households with low economic levels 
and elderly family members [12]. In addition, household-
ers’ education level, family’s residential area, economic 
status, living conditions, and having disabled house-
hold members were also associated with CHE incidence 
[12–16]. Second, health services demand and utilization 
are also closely related to CHE incidence [17–20]. Previ-
ous literature suggests that improving the health status 
of residents and reducing inpatient services utilization 
could reduce the incidence of CHE in families [17]. More 
health care utilization and the average number of illness 
episodes among household members could increase 
CHE incidence [18]. Third, social security equity factors 
are a significant aspect in the probability of incurring 
CHE. Specifically, health insurance coverage, equality 

and 2.16 times (95% CI 1.81–2.57) higher among people who had used inpatient services in the past year or outpa-
tient services in the past month than those who had not used them.

Conclusions: Relatively wealthy economic conditions cannot significantly reduce the financial burden of chronic 
diseases in middle-aged and older adults. For this particular group with multiple vulnerabilities, such as physical and 
social vulnerability, the high demand and utilization of health services are the main reasons for the high incidence 
of CHE. After achieving the goal of lowering the threshold of universal access to health services, the medical insur-
ance system in the next stage should focus on multiple vulnerable groups and strengthen the financial protection for 
middle-aged and older adults with chronic diseases, especially for patients with malignant tumours.

Keywords: Middle-aged and older adults, Chronic diseases, Medical insurance
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financing, and community-based health insurance 
schemes have been established as having a protective 
function against the economic burden of disease [21–24]. 
Moreover, maintaining the high population coverage and 
deepening the cost coverage of the medical insurance 
schemes is considered an effective institutional tool to 
reduce CHE incidence. Pandey et al. suggested that pub-
lic policy should focus more on vulnerable populations 
with high CHE incidence by expanding health insurance 
coverage and providing high-quality health services for 
them [24]. Based on the above theoretical framework 
analysis, we selected variables from the three dimen-
sions of sociodemographic characteristics, health ser-
vice demand and utilization, and social security equity 
to establish the determinants for CHE occurrence in 
chronic disease families.

Methods
Study design
The data used in this study were obtained from the 
2018 China Health and Retirement Longitudinal Study 
(CHARLS) database. It is the most nationally representa-
tive study of middle-aged and older adults in China and 
is coordinated with leading international studies in the 
Health and Retirement Research (HRS) model [25]. The 
2018 CHARLS database used in this study covers 150 
regions, 450 villages/urban communities, and 17,708 
people in 10,257 families, reflecting the overall situation 
of China’s middle-aged and older adult population. It 
comprehensively analyses the living conditions of mid-
dle-aged and older adults aged over 45 years regarding 
seven aspects: personal information, family members, 
health status, medical insurance status, income, expendi-
ture, and assets status.

Data extraction
Since CHE constitutes household-level data, the data in 
this study were based on households. The related vari-
ables involved in calculating CHE and the variables of 
medical services comprised the core variables of the 
study. The data cleaning process and the raw data collec-
tion were conducted as follows. Family food expenditure 
was determined by the question, “In the past week, how 
much did your household spend on food?” Missing cases 
were deleted because they could not be supplemented. 
Household out-of-pocket medical expenses were deter-
mined by the question, “In the last year, how much did 
your household spend on direct and indirect medical 
expenses?” Missing values for out-of-pocket household 
medical expenses were supplemented by calculating the 
sum of out-of-pocket outpatient and inpatient expenses. 
Household size was determined by the question, “Of all 
people listed here, which are your household members?” 

Missing values were supplemented by the number of per-
sons in the database under the same family code. After 
excluding missing and invalid values that could not be 
supplemented, 9186 households were obtained from the 
database, accounting for 10% of missing data.

In addition, we used the question “Has a doctor ever 
told you that you have any of the following chronic dis-
eases?” as the standard to select the chronic disease sam-
ple populations. This question contains 14 sub-questions, 
including hypertension, dyslipidaemia, diabetes, malig-
nant tumour, chronic lung disease, liver disease, heart 
attack, stroke, kidney disease, stomach or other diges-
tive diseases, emotional and mental problems, memory-
related diseases, arthritis or rheumatism, and asthma. 
Individuals were considered ill if they answered “yes” to 
any of the 14 sub-questions and were sick, and not ill if 
they answered “no” to all 14 questions. According to fam-
ily ID, individuals with chronic diseases were summa-
rized, resulting in 4097 households with chronic disease 
members. Finally, we found that the critical variables in 
calculating CHE or regression models were not miss-
ing. The logical verification was accurate; therefore, no 
further exclusion of families from the database was con-
ducted. The specific sample screening process is shown 
in Fig. 1.

Variable selection
Calculation of catastrophic health expenditures
We took the CHE occurrence as the dependent vari-
able, and this study adopted the method recommended 
by WHO to calculate CHE [26]. All expenditure-related 
variables must first be converted to monthly data based 
on the ordinary month’s consumer price index (CPI). 
The key variables are as follows: out-of-pocket health 
expenditure (OOP), household consumption expenditure 
(exph), household capacity to pay (ctph), food expenditure 
(foodh), and household size.

First, we calculated the share of food expenditure per 
household (foodexph) by dividing the household’s food 
expenditure by the household consumption expenditure. 
Second, we used a household equivalence scale instead of 
actual household size for household consumption size. 
The calculation is as follows:

hhsizeh  is the actual household size surveyed in the 
CHARLS database and the value of the parameter β. This 
is estimated from household surveys in 59 countries and 
is 0.56.

Third, based on the equivalent household size, the 
equivalent food expenditure (eqfoodh) can be obtained 

eqsizeh = hhsize
β

h
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by dividing household’s food expenditure by the eqsizeh. 
Then the poverty line (pl) and subsistence expenditure 
(seh) can also be calculated based on eqfoodh. To reduce 
the measurement error, we used foodexph between the 
45th (food45) and 55th (food55) place in exph.

where food45 < foodexph < food55

Fourth, household’s capacity to pay (ctph) is defined 
as household non-subsistence spending. According to 
whether food subsidies, coupons, self-produced food, and 

eqfoodh =
foodh

eqsizeh

pl =

∑

wh ∗ eqfoodh
∑

wh

seh = pl ∗ eqsizeh

other non-cash consumption are considered, the measure-
ment methods can be divided into the following:

Fifth, out-of-pocket health payments share of household 
capacity to pay (oopctph), which refers to the family medi-
cal cost burden, is defined as the percentage of out-of-
pocket payments of the household as a percentage of ctph.

Finally, based on the calculations of the above vari-
ables, CHE occurs when oopctph equals or exceeds 40%, 
as follows:

ctph = exph − seh if seh ≤ foodh

ctph = exph − foodh if seh ≥ foodh

oopctph =
ooph

ctph

catah = 1 if oopctph ≥ 0.4

Study population
2018 CHARLS database 

  Individual samples n = 17708
Households samples n = 10257

Screening
Individual samples combined with

households samples
n = 9186

 EXCLUDED 

 Individual samples

Keep the data of one head of household in each family and delete
the data of other family members  n = 7451

 Households samples 

The food expenditure is 0   n = 177
Missing data on key variables (e.g., number of outpatient visits,
number of hospitalizations, out-of-pocket expenses for outpatient
visits, and out-of-pocket expenses for hospitalization)   n = 894

 Classification standard

Has a doctor ever told you that you have any of the following chronic
diseases?

hypertension, dyslipidaemia, diabetes, malignant tumor, chronic lung disease,
liver disease, heart attack, stroke, kidney disease, stomach or other digestive

disease, emotional and mental problems, memory-related diseases, arthritis or
rheumatism, and asthma

Data available for analysis
Household with chronic disease n = 4097

Household without chdonic disease n = 5089

Fig. 1 Sample screening flow chart
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catah = 0 if oopctph < 0.4

Independent variables
Explanatory variables included the following: (1) soci-
odemographic factors, including the householder’s age, 
sex, marital status, education level, and the family’s 
main residence (urban or rural), region, economic level 
(ranked according to the per capita household expendi-
ture of the sample households and divided into five equal 
groups), household size, and whether the householder 
participates in the labour; (2) health services demand and 
utilisation factors, including the householder’s self-rated 

health, whether the householder has been an outpatient 
in the past month and whether the householder used 
inpatient service in the past year, whether households 
contained disabled members, or whether there is an older 
adult aged 65 years or above in the household; (3) social 
security equity factors, namely, the participation in medi-
cal insurance status of the householder, including urban 
employee basic medical insurance (UEBMI), urban resi-
dent basic medical insurance (URBMI), new rural coop-
erative medical schemes (NRCMS), urban and rural 
residents basic medical insurance (URRBMI), and other 

Table 1 Selection and description of variables

Variable Description

Dependent variable

Catastrophic health expenditures (CHE) 0 = The household did not occur catastrophic health expenditures; 1 = The household 
occurred catastrophic health expenditures

Independent variables

Sociodemographic factors

Sex of householder 0 = Female; 1 = Male

Age of householder Numerical variable

Marital status of householder 0 = Single (including divorced, single, widowed and unmarried); 1 = Married

Family’s main residence 0 = Rural; 1 = Urban

Educational level of householder 1 = Illiterate; 2 = Primary school; 3 = Junior high school and above

Household size 1 = Single-person households; 2 = Two-person households; 3 = Cohabitation of three or more 
persons

Region 1 = East; 2 = Central; 3 = West

Family economic level 1 = The poorest level; 2 = Sub-poverty level; 3 = General level; 4 = Wealthier level; 5 = The 
wealthiest level

Whether the householder participates in the labour 0 = No; 1 = Yes

Health services demand and utilisation factors

Householder self-rated health 0 = Good; 1 = Bad

Householder used outpatient service in the past month 0 = No; 1 = Yes

Householder used inpatient service in the past year 0 = No; 1 = Yes

Household with disabled members 0 = No; 1 = Yes

Household with members aged over 65 years 0 = No; 1 = Yes

Social security equity factors

Householder participated in medical insurance type 0 = URRBMI; 1 = UEBMI; 2 = NRCMS; 3 = URBMI; 4 = Other medical insurance (including 
uninsured)

Disease factors

Type of chronic disease 1 = 1 type (The householder suffers from a chronic disease); 2 = >1 type (The householder 
suffers from more than one chronic disease)

Heart disease 0 = The householder did not suffer from the disease; 1 = The householder suffers from the 
disease

Stroke 0 = The householder did not suffer from the disease; 1 = The householder suffers from the 
disease

Malignant tumour 0 = The householder did not suffer from the disease; 1 = The householder suffers from the 
disease

Chronic lung disease 0 = The householder did not suffer from the disease; 1 = The householder suffers from the 
disease

Diabetes 0 = The householder did not suffer from the disease; 1 = The householder suffers from the 
disease
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health insurance, or uninsured. Specific variable assign-
ments are shown in Table 1.

Statistical analysis
Logistic regression model
Logistic regression is a type of general linear model, that 
is, regression analysis with dichotomous variables (0 and 
1) as the response variables and the probability of tak-
ing a specific value as the model output. It is mainly used 
to predict the likelihood or screen the risk factors of an 
event. For the binary response variable y, the linear logis-
tic regression model has the following form [27–29]:

where pi = probability (yi = y1 ∣ Xi}, β0 is the y intercept, β′ 
is the vector of slope parameters, yi is the first ordered 
level of y, and Xi is the vector of explanatory variables.

In the above logistic regression equation, the response 
variable is the logarithmic odds ratio (log) of y = 1. The 
regression coefficient is defined when other predictive 

logit
{(

yi = y1|Xi

}
= logit

(
pi
)
= log

[
pi

1 − pi

]
= �0 + �1X1 +⋯ + �jXj +⋯ + �kXk = �0 + ��Xi

variables are held constant, the change in the logarithmic 
odds ratio of the response variable that can be induced 
by a change in one unit of the predictive variable. There-
fore, we used binary logistic regression to understand the 
association between dependent and independent vari-
ables in the model and calculated 95% confidence inter-
vals (CI) and odds ratio (OR). In addition, we conducted 
a multicollinearity diagnosis for the 15 independent vari-
ables in the regression model. The results showed that 
all variables’ variance inflation factor (VIF) values were 
between 1 and 2 and did not reach 5; thus, there was no 
multicollinearity problem among the independent vari-

ables. Data were analysed using IBM SPSS 26.0.

Results
Sample characteristics
The descriptive statistics results are summarized in 
Table  2. A total of 4097 families in the sample had a 

Table 2 Characteristics of the sample

*  P < 0.05, ** P < 0.01

Variable Middle-aged and older adults’ families with 
chronic disease

Frequency Proportion(%) Incidence 
of CHE(%)

Sex of householder Male 1864 45.50 23.07

Female 2233 54.50 23.96

Age of householder < 65 2219 54.16 17.89**

≥65 1878 45.84 30.24

Family’s main residence Urban 1240 30.27 17.42**

Rural 2857 69.73 26.22

Educational level of householder Illiterate 978 23.87 30.67**

Primary school 1783 43.52 25.18

Junior high school and above 1336 32.61 16.24

Marital status of householder Married 3199 78.08 23.94

Single (including divorced, single, widowed and unmarried) 898 21.92 22.16

Household size Single-person households 522 12.74 27.01**

Two-person households 2930 71.52 24.54

Cohabitation of three or more persons 645 15.74 16.28

Region East 1309 31.95 25.44

Central 1380 33.68 22.32

West 1408 34.37 23.01

Householder participated in medical 
insurance type

URRBMI 477 11.64 27.46**

UEBMI 623 15.21 17.66

NRCMS 2602 63.51 25.37

URBMI 192 4.69 17.19

Other medical insurance (including uninsured) 203 4.95 15.27
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member with diseases. Statistical analysis revealed a sig-
nificant association between CHE incidence and the age 
of householder, family’s main residence, education level 
of householder, household size, and if householder par-
ticipated in medical insurance type. Moreover, the inci-
dence of CHE in households with householders aged 
65 years or above (30.24%) was significantly higher than 
those with householders aged below 65 years (17.89%). In 
rural households, the incidence of CHE was higher than 
that in urban households, with a gap of 8.80 percentage 
points (pp). With the improvement in the educational 
level of householders, the incidence of CHE was signifi-
cantly decreased by 14.43 pp. In addition, people who 
lived alone experienced CHE more than family mem-
bers living together, with an increased probability of up 
to 10.73 pp. Comparing several types of health insurance 
coverage, the incidence of CHE was highest (27.46%) 
when the householder participated in the URRBMI.

CHE incidence in the whole population versus families 
of the middle-aged and older adult population 
regarding socioeconomic factors
This study calculated and compared the average monthly 
income and CHE incidence of families with and without 
disease in different economic groups, as shown in Fig. 2.

Statistical analysis revealed a significant associa-
tion between the mean monthly income of middle-aged 
and older adult families with chronic disease (P < 0.05). 
As shown in Fig.  2, the mean monthly income of the 

entire population of families was significantly higher 
than that of middle-aged and older adult families with 
chronic disease, especially at the wealthiest level, reach-
ing 1.07 times. Additionally, the CHE incidence dif-
ference between middle-aged and older adult families 
with chronic disease and the entire population in each 
economic group also showed a significant association 
(P < 0.05). The overall position of the line chart in Fig. 2 
illustrates that, in all economic groups, the incidence 
of CHE in middle-aged and older adult families with 
chronic diseases was significantly higher than that in 
the entire population. Among all economic groups, the 
gap in CHE incidence was the largest in the sub-pov-
erty group by 5.45 pp., and between middle-aged and 
older adult families with disease and the entire popula-
tion. CHE incidence in the middle-aged and older adult 
families with chronic disease was ranked from high to 
low as sub-poverty (26.20%), poorest (25.53%), wealthi-
est (24.61%), general (21.54%), and wealthier level fami-
lies (20.07%). However, the CHE incidence of the entire 
population of families was highest in the poorest level 
families (21.27%), and lowest in the wealthier level fami-
lies (16.32%).

The CHE incidence of different health service demand 
and utilisation
Inpatients and outpatients with chronic diseases were 
taken as the research subjects to compare CHE incidence 
in different chronic diseases (Table 3). We also analysed 

Fig. 2 The mean comparison of monthly household income of different groups in different economic groups
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the populations with the highest incidence of CHE under 
various health services to identify vulnerable targets for 
current health insurance schemes.

We first stratified the sample families according to 
the five major chronic diseases of concern in this study. 
Then, we compared the incidence of CHE in families 
under different health service demands and use condi-
tions. The results showed a significant association in 
CHE incidence between the chronic disease families and 
those without diseases (P < 0.05). The CHE incidence of 
families without diseases was significantly lower than 
that in families with chronic diseases in health service 
utilization conditions. Specifically, when the house-
holder had been an outpatient in the past month, the dif-
ference in CHE incidence between families with chronic 
diseases and that without diseases was the highest, 
and the maximum gap reached up to 7.81 pp. Moreo-
ver, when the householder’s self-rated health status was 
“good”, the contrast of CHE incidence between families 
with chronic disease and families without chronic dis-
ease was the most minor (3.88 pp).

Specifically, self-reported health status and inpatient 
utilization over the past year were significant vari-
ables for the occurrence of CHE (P < 0.01). The highest 
CHE rate was 66.13% in householders with a malignant 
tumour who had used hospital services in the past year. 
Similarly, householders with chronic lung disease who 
received inpatient services in the past year had a higher 
incidence of CHE (44.64%) than did other persons with 
this disease. Except for malignant tumours, CHE inci-
dence of the other four diseases showed significant 

differences when a family member was over 65 years old 
and there had been outpatient use in the past month 
(P < 0.05). On this basis, the incidence of CHE was 
highest when householders had a stroke and had used 
outpatient services in the past month (47.66%). In addi-
tion, householders with heart disease (40.65%) or dia-
betes (38.46%) also had the highest incidence of CHE 
when they had used outpatient services in the past 
month versus those with other conditions.

The CHE incidence of householders with different diseases 
under different insurance types
We compared the incidence of CHE when household 
heads participated in different types of medical insur-
ance (Fig.  3). The incidence of CHE was the lowest 
(15.27%) when the householder participated in other 
medical insurance (including uninsured) and was the 
highest (27.46%) when the householder participated 
in the URRBMI (P < 0.05). Classifying the families by 
disease, in householders with heart disease (30.84%) 
or chronic lung disease (32.50%), the incidence of 
CHE was the highest in the NRCMS group (P < 0.05). 
Regarding householders with stroke, the incidence of 
CHE was significantly higher in the URRBMI group 
(41.07%) than in the other medical insurance (includ-
ing uninsured) groups (22.22%) (P < 0.05). Additionally, 
the incidence of CHE in the URBMI group (33.33%) 
was significantly lower than that in the URRBMI group 
(45.45%) when householders had a malignant tumour 
(P < 0.05).

Fig. 3 Comparison of the incidence of CHE among people with the different chronic diseases under different types of medical insurance
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Regression analysis of influencing factors of CHE incidence 
in diseased families
In Table  4, the Hosmer & Lemeshow test were used to 
judge the model fit effect, x2(8) = 2.85, P = 0.94, which 
showed that the model had a high goodness of fit.

On one hand, according to the logistic regression 
results in Table  4, we found a higher incidence of CHE 

in the following conditions. Households with inpatient 
members had 2.73 times (95% CI 2.30–3.24) more prob-
ability of suffering CHE than those with no inpatient 
members. Moreover, the likelihood of CHE was 2.16 
times (95% CI 1.81–2.57) higher for those who had used 
outpatient services in the past month than those who 
had not. The probability of incurring CHE was 2.02 times 

Table 4 Results of a logistic regression model

Note: * P < 0.05, ** P < 0.01. Sample size: 4097

Variable (reference) OR 95% CI of OR p-value

Age of householder 1.01 0.10–1.02 0.15

Region (East) Ref

 Central 0.77 0.63–0.93 0.00**

 West 0.78 0.65–0.95 0.01*

Family economic level (The poorest level) Ref

 Sub-poverty level 0.10 0.78–1.27 0.97

 General level 0.83 0.65–1.07 0.15

 Wealthier level 0.69 0.53–0.89 0.00**

 The wealthiest level 0.87 0.67–1.12 0.27

Household size (Single-person households) Ref

 Two-person households 1.08 0.85–1.36 0.53

 Cohabitation of three or more persons 0.70 0.51–0.95 0.02*

Whether the householder participates in the labour (No) Ref

 Yes 0.82 0.69–0.98 0.03*

Household with members aged over 65 years (No) Ref

 Yes 1.43 1.11–1.84 0.00**

Households with disabled members (No) Ref

 Yes 1.28 1.07–1.52 0.00**

Householder used outpatient service in the past month (No) Ref

 Yes 2.16 1.81–2.57 0.00**

Householder used inpatient service in the past year (No) Ref

 Yes 2.73 2.30–3.24 0.00**

Whether the householder suffers from heart disease (No) Ref

 Yes 1.12 0.92–1.38 0.27

Whether the householder suffers from stroke (No) Ref

 Yes 1.32 1.04–1.66 0.02*

Whether the householder suffers from malignant tumour (No) Ref

 Yes 2.02 1.35–3.00 0.00**

Whether the householder suffers from chronic lung disease (No) Ref

 Yes 1.14 0.91–1.43 0.27

Whether the householder suffers from diabetes (No) Ref

 Yes 1.13 0.89–1.43 0.31

Householder participated in medical insurance type (URRBMI) Ref

 UEBMI 0.49 0.36–0.67 0.00**

 NRCMS 0.92 0.73–1.16 0.47

 URBMI 0.56 0.36–0.89 0.01*

 Other medical insurance (including uninsured) 0.45 0.28–0.70 0.00**

_cons 0.14 0.00

Model validation Chi-square p-value

Hosmer & Lemeshow test 2.85 0.94



Page 11 of 16Miao et al. BMC Medical Research Methodology          (2022) 22:151  

(95% CI 1.35–3.00) more in householders with a malig-
nant tumour than in householders without. Households 
with members aged 65 years and older were 1.43 times 
more likely (95% CI 1.11–1.84) to experience CHE than 
households without older adult members. Households 
with members who had a disability had 1.28 times (95% 
CI 1.07–1.52) higher odds of facing CHE than those 
without. In addition, householders who had had a stroke 
were 1.32 times more likely (95% CI 1.04–1.66) to face 
CHE than those in the reference group.

On the other hand, the information provided in Table 4 
shows that the incidence of CHE was lower in the fol-
lowing cases. Regarding medical insurance, except for 
NRCMS, the other three types had lower CHE incidence 
than URRBMI. When the householder participated in the 
UEBMI, they were 0.49 times less likely (95% CI 0.36–
0.67) to face CHE than URRBMI. If the householder par-
ticipated in the URBMI, that household was 0.56 times 
less likely (95% CI 0.36–0.89) to face CHE than house-
holders who participated in the URRBMI. Householders 
with other medical insurance (including uninsured) were 
0.45 times less likely (95% CI 0.28–0.70) to experience 
CHE than householders covered by URRBMI. Regard-
ing different family sizes, the incidence of CHE was 
0.70 times (95% CI 0.51–0.95) lower in households with 
three or more cohabitants than in single-person house-
holds. Furthermore, among the five levels of family eco-
nomic groups, the wealthiest household had 0.69 (95% CI 
0.53–0.89) lower odds of CHE compared to the poorest 
household. Finally, households living in central regions 
were 0.77 times less likely (95% CI 0.63–0.93) to experi-
ence CHE than those living in the east. Households living 
in the western region were also 0.78 times less likely (95% 
CI 0.65–0.95) to face CHE than those living in the east-
ern region.

Discussion
The relative affluence of the middle-aged and older 
adult population does not significantly reduce the family 
economic burden of disease
The health characteristics of middle-aged and older 
adult groups mainly include two aspects. First, older 
adults have high utilisation of health services; however, 
due to their vulnerable social and economic capacity, 
their unmet health service needs are also high. Second, 
middle-aged and older adults with diseases experience 
the onset of a slow process, and develop complications 
or organ failure. Under the dual support of physical and 
social vulnerability, the middle-aged and older adult pop-
ulation have always been a vulnerable population that has 
attracted the attention of health service providers. The 
2018 survey results showed that the two-week consulta-
tion and annual hospitalisation rates of Chinese people 

aged 65 years and above were 42.6 and 27.2%, respec-
tively, which are far higher than those of other age groups 
[7]. Older adults consume more medical resources than 
permanent residents. The utilization rate of outpatient 
services will increase with age, and medical expenses will 
gradually increase [30].

.Our results show that for middle-aged and older adult 
families with chronic disease, the incidence of CHE in 
the wealthiest level group was 24.61%, which was not 
the group with the lowest incidence of CHE as expected. 
Additionally, the incidence of CHE in the poorest affected 
families was not the highest (25.53%), which is consistent 
with Li et al. [17] This indicates that for middle-aged and 
older adult families with chronic diseases, relatively afflu-
ent economic status has few advantages against disease 
burden.

The above conclusion is not only applicable to families 
at different economic levels, but also to regions with var-
ying economic levels. For example, the logistic regression 
results in Table 4 show that the likelihood of CHE in cen-
tral and western regions was lower than that in the east-
ern areas. In this context, the eastern region is a coastal 
region, and its economic level is much higher than that 
of the central and western regions. In 2019, the GDP of 
the eastern, central, and western regions was 510 million 
yuan, 220 million yuan and 210 million yuan, respectively 
[31]. Also in 2019, 84.25 million people were hospital-
ized in the eastern region, 1.29 times that of the central 
region, and 1.35 times that of the western region [7]. 
Based on the statistical data, we infer that the likelihood 
of CHE is higher in the eastern region due to the higher 
utilization of health services. For the middle-aged and 
older adult population with chronic diseases, the impact 
of economic level on CHE is not dominant; however, the 
utilization of health services is. That is, even for the rela-
tively affluent elderly, chronic diseases significantly raise 
the probability of incurring CHE after using health ser-
vices. Regarding the results of this study, some scholars 
have highlighted that another reason for this situation 
is that low-income groups lack the necessary economic 
conditions to access health services. Hence, the utilisa-
tion rate of health care is relatively low [17, 32, 33].

.Although the medical security for middle-aged 
and older adults with chronic diseases has progressed, it 
has not been accurately implemented
In China, it is estimated that more than 300 million 
urban and rural residents experience the two predomi-
nant diseases, hypertension and diabetes. To reduce the 
burden of outpatient medication for urban and rural 
residents with hypertension and diabetes, the 2019 Gov-
ernment Work Report proposed that ‘medicines for 
hypertension and diabetes should be covered by medical 
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insurance’. Based on hospitalisation, more than 50% of 
patient expenses for drugs to lower blood pressure and 
blood sugar in the outpatient clinic were paid within the 
policy scope [34, 35]. This shows that China’s current 
medical insurance policy has begun to attend to the med-
ication burden for chronic diseases. However, the current 
medical insurance policy has a ‘one-size-fits-all’ approach 
for the whole population and does not identify vulner-
able groups. Studies demonstrate that this approach to 
designing health insurance results in unequal benefits for 
different people [32]. For example, surveys show that the 
per capita medical expenses for diabetes patients aged 
65 years and above were 2551.97 yuan, which is higher 
than the average for the whole population [36]. Moreo-
ver, our findings are consistent with Sayem Ahmed et al., 
who reported that CHE are higher when an older person 
is in the household [37]. Although China’s current medi-
cal insurance policy has focused on the cost of outpatient 
drug that are urgently needed by the sick population, it 
has not focused on vulnerable people. Designing differ-
entiated reimbursement schemes according to different 
vulnerability characteristics should be prioritised to more 
deeply reform the medical insurance system.

In the sample population of this study, we found that 
CHE had the highest incidence in URRBMI (Fig. 3). The 
URRBMI is a medical insurance system that integrates 
the URBMI and NRCMS proposed by the State Coun-
cil in 2016 [38]. Presently, many provinces still use the 
current financing mechanism of the NRCMS and the 
URBMI when integrating the URRBMI, leading to a low 
financing scale [39]. Additionally, some scholars highlight 
that the average number of medical visits, outpatient 
expenses, and hospitalisation expenses of rural residents 
are lower than those of urban residents because of lower 
availability of medical services. Therefore, high-income 
groups can consume more medical resources, leading to 
the reverse redistribution phenomenon of rural residents 
supporting urban residents [40]. Therefore, the URRBMI 
eliminates the differences based on status and household 
registration. Still, it cannot eliminate the different forms 
of financing and treatment within the system, leading 
to a low-security level [41]. Interestingly, we found that 
CHE incidence for people under other medical insur-
ance (including the uninsured) was the lowest. This find-
ing is consistent with that of Wang et al. [42] This result 
is because when individuals are insured, they are more 
likely to use medical services to improve their health [43]. 
Thus, when householders participate in medical insur-
ance, the frequency of use of outpatient and inpatient 
services increases significantly, leading to a higher eco-
nomic burden of disease [44].

.Regarding specific diseases, Fig.  3 shows that malig-
nant tumours had a high incidence of CHE under the 

five insurance types. Table 4 shows that the likelihood of 
CHE was 2.02 times higher for householders with malig-
nant tumours than those without. In 2019, the number of 
deaths due to malignant tumours accounted for 25.73% 
of China’s total deaths. The per capita inpatient medical 
expenses reached up to 29,737.8 yuan, which was much 
higher than other diseases in the same year [7]. Liu et al.’s 
study showed that drug costs are the main burden of 
hospitalisation costs for malignant tumours [45]. China’s 
health security authorities have successfully included 
more than 40 types of anti-cancer drugs in the B category 
of medical insurance through three rounds of medical 
insurance drug negotiations to reduce the drug burden of 
cancer patients [46]. According to the monitoring results 
of the delivery of negotiated drugs by the Medical Insur-
ance Bureau, the actual reimbursement rate of negotiated 
drugs is more than 60% [47]. For example, according to 
information from the State Medical Products Adminis-
tration, the price of domestic imatinib (Xinwei) is only 
one-ninth of the price of imported imatinib (Gleevech) 
(more than 10,000 yuan). However, the current medi-
cal insurance drug list still reimburses this at the same 
rate. In 2019, Chinese residents’ annual per capita dis-
posable income was 30,732.8 yuan. According to the 
standard of two cartons per month, there remains a large 
gap between the OOP expenses of imported drugs and 
domestic drugs after reimbursement, which is burden-
some. In conclusion, due to the heavy drug burden and 
low reimbursement level of medical insurance, the fam-
ily disease burden of patients with malignant tumours is 
heavy, leading to a high incidence of CHE. This suggests 
that China’s current medical insurance policy should 
expand the coverage of cancer drug use and distinguish 
the reimbursement of imported drugs from domestic 
drugs. Nonetheless, it is gratifying to see considerable 
progress in the latest medical insurance drug reimburse-
ment adjustment in 2022.

The utilisation of outpatient services is also an important 
factor affecting the occurrence of CHE
Our study found that inpatient and outpatient services 
were the two most critical factors that increased the like-
lihood of CHE. In recent years, China’s medical insurance 
reform has begun to expand the reimbursement ratio of 
inpatient expenses; however, outpatient expenses reim-
bursement remains insufficient [9, 48]. Meanwhile, the 
average medical cost of outpatient visits for Chinese resi-
dents increased from 166.8 yuan in 2010 to 290.8 yuan 
in 2019 [7]. This indicates that the burden of the outpa-
tient expense of Chinese residents is increasing. Further-
more, existing studies have shown that outpatient burden 
is critical, especially for middle-aged and older adults 
with chronic diseases. A study of household health costs 
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in Vietnam demonstrated that the long-term cumulative 
burden of outpatient care even exceeded the burden of 
hospitalization [49]. In addition, Goeppel et  al. focused 
more on outpatient services when assessing UHC for 
middle-aged and older adults with chronic diseases in 
several countries [50]. Xiaoyun Liu et al. also pointed out 
that due to the low income of older adults with chronic 
diseases, although outpatient fees are mostly low, they 
still incur CHE [51]. This suggests that the outpatient 
service utilisation rate of the older adult population was 
high, and the cost burden was heavy.

In recent years, to reduce the burden on residents, 
China’s current medical insurance policy focused more 
on reimbursing inpatient expenses for the insured. In 
2019, the pooling fund for inpatient medical expenses 
covered by China’s medical insurance policy reached 
approximately 70%, while the reimbursement rate for 
outpatient medical expenditures was only approximately 
50%. Furthermore, Chaofan Li mentioned in their study 
that when a patient has a second inpatient visit within 
a year, the inpatient visit deductible is eliminated. This 
further reduces the cost burden of multiple hospitaliza-
tions within a year [52]. Regarding outpatient expenses, 
patients need to pay higher out-of-pocket expenses when 
using outpatient services because of their lower reim-
bursement rate and upper reimbursement limit [48, 53, 
54]. Therefore, while reducing the burden of hospitalisa-
tion for residents, medical insurance policies should also 
consider the reimbursement of outpatient expenses. This 

is especially true for vulnerable groups, such as chronic 
disease patients and middle-aged and older adults.

Focusing on the vulnerability characteristics 
of populations with high probability of CHE
This study focused on middle-aged and older adults with 
chronic diseases. Therefore, the vulnerability character-
istics of populations with a high probability of CHE can 
be initially identified and summarised. Regarding soci-
odemographic characteristics, a household with a mem-
ber who is disabled or an older adult aged over 65 years 
is more likely to suffer CHE, which increases the bur-
den of health care on the family. Compared with house-
holds at other economic levels, the sub-poverty group 
had the highest probability of incurring CHE, while the 
wealthier level had the lowest probability. Additionally, 
middle-aged and older adults who live alone and lack the 
help of family members are more likely to face CHE. Fur-
thermore, the eastern region has a developed economy, 
a high utilisation rate of health services, and a heavy bur-
den of medical expenses. Moreover, middle-aged and 
older adults with malignant tumours have a higher likeli-
hood of CHE than those suffering from other chronic dis-
eases. Finally, middle-aged and older adults with chronic 
diseases have a high utilization rate of health services. In 
addition to high hospitalization costs, a high frequency of 
outpatient service utilization will also lead to a high med-
ical burden. Figure 4 presents a visual summary of groups 
with high CHE incidence as discussed above.

Fig. 4 Summary of vulnerability characteristics of populations with a high probability of incurring CHE
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Due to the diversity of population vulnerability char-
acteristics, China’s medical insurance system must focus 
on several aspects. Middle-aged and older adults with 
many diseases, serious conditions, and high utilization 
rates of health services should be registered and classi-
fied according to the number and degree of diseases, and 
frequency of health service utilization. Moreover, tiered 
compensation and differentiated reimbursement policies 
can be implemented for different groups. Social security 
policies should also be improved to subsidize middle-
aged and older adults with chronic diseases who live 
alone and have low-income levels.

Conclusion
This study selected five major chronic diseases from 
the top ten global causes of death, published by WHO 
in 2019, and analysed the middle-aged and older adults 
aged 45 years and above with the disease. The follow-
ing conclusions were drawn. First, the implementation 
of medical insurance policies must be differentiated 
according to groups of people, especially for those with 
a high incidence of CHE. Appropriate approaches can 
be adopted to reduce the premium or increase the reim-
bursement rate. Second, if the family’s economic burden 
of disease is high, then their economic conditions can no 
longer help reduce the likelihood of CHE, which requires 
accurate identification of health insurance policies. Third, 
the current medical insurance policy in China does not 
cover enough imported drugs in the reimbursement of 
malignant tumour drugs. It is necessary to expand the 
coverage of drugs, control drug prices, and appropriately 
improve the reimbursement levels. Fourth, the current 
medical insurance policy has ignored the reimburse-
ment of outpatient expenses. The burden of drug use for 
chronic diseases stems from outpatient expenses. There-
fore, the medical insurance policy must appropriately 
increase the reimbursement ratio and increase outpatient 
expenses’ maximum payment limit.

Strengths and limitations
This study had some limitations. First, we prioritised 
the five chronic diseases included in the CHARLS 
database, which were also among the top ten causes of 
death published by WHO in 2020. We did not examine 
other diseases with high incidence in the chronic dis-
ease spectrum in China, such as psychiatric disorders. 
Second, the data used in this study is from the CHARLS 
database in 2018, which is a cross-sectional study and 
cannot be compared vertically. Third, due to the incom-
plete weight value provided by the original database, we 
could not match the sample after the screening; thus, 
the sampling weight was not included in the data analy-
sis. In addition, the problem of recall bias in variables 

such as self-health status has not been solved, which is 
also a common drawback of retrospective studies.

Nevertheless, the significance of this study mainly lies 
in the following two points. First, this study targeted a 
particular group with multiple vulnerable characteris-
tics, namely, middle-aged and older adult families with 
chronic diseases. Additionally, we conducted multi-
dimensional measurements of the current economic 
burden of their illnesses, which integrated aspects 
regarding the economy, their demand and utilization 
of health services, and different medical insurance sys-
tems. To our knowledge, this is almost absent in exist-
ing studies. In addition, after achieving the universal 
coverage of China’s medical insurance system, China 
faces novel challenges, such as changes in its popula-
tion structure, the elimination of relative poverty, and 
the modernization of governance. This study provides 
evidence on how to improve the financial protection 
function of the medical insurance system at this stage. 
It is helpful to understand the current weaknesses of 
China’s medical insurance system and to capture the 
characteristics of vulnerable people that should be pri-
oritised in future.
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