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vulnerable groups. We aimed to analyse the extent and the influencing factors of CHE
in households with breast cancer patients in China, and explore the ability of different
insurances to protect these households from CHE.

Methods: A multicentre, cross-sectional interview surveys was conducted in
households with breast cancer patients across seven provinces/municipalities in China.
CHE were defined as out-of-pocket expenditures > 40% of households’ non-food
expenditures. Chi-square tests and logistic regression analysis were performed to identify
the determinants of CHE in household with breast cancer patients.

Results: In the 639 participating households with breast cancer patients, the mean
out-of-pocket (OOP) expenditure accounted for ~55.20% of the mean households’
non-food expenditures. The overall incidence of CHE was 87.95 and 66.28% before
and after insurance compensation, respectively. The logistic regression model revealed
that education, disease course, health insurance, treatment method, and income were
significant predictors of CHE.

Conclusions: The results indicated that medical insurance protects some households
with breast cancer patients from the impact of CHE. However, their reimbursement rates
were relatively low. Therefore, breast cancer still had a significant catastrophic effect
on the economy of households. Policy efforts should focus on improving insurance
compensation rates and relieving the economic burden of critical illnesses such as
breast cancer.
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BACKGROUND

According to GLOBOCAN statistics, in 2018, there were 18.1
million new cancer cases and 9.6 million deaths worldwide;
among women (8.6 million new cases and 4.2 million deaths),
breast cancer was the most commonly diagnosed (24.2%) cancer
and the leading cause (15.0%) of cancer deaths (1). In China,
breast cancer was also the most commonly diagnosed (1.778
million) cancer and the fifth most common cause of cancer
death (0.858 million) among women (2). The high incidence and
mortality rates of breast cancer in Chinese women can result in
CHE and impose a substantial financial burden.

Despite the considerable improvement in health outcomes,
the financial catastrophe caused by the excessive spending
on healthcare services appears to be a threat to the health
system (3). Generally, healthcare expenditure is considered as
“catastrophic” when the OOP health spending greatly exceeds
a certain proportion of households” income or capacity to pay
(CTP) (4, 5). CHE may lead to a reduction in expenditures on
basic commodities (6), even for patients choosing to abandon
health care services, thus suffering from illness deterioration
(7, 8).

Studies on CHE have been conducted globally, mostly using
microdata to evaluate residents’ economic burdens. Xu et al.
reported that, annually and worldwide, over 150 million people
suffer from financial catastrophe and approximately 100 million
become impoverished owing to healthcare expenditures (9).
Moreover, Another study conducted in 133 countries showed
that, in just 5 years (i.e., from 2005 to 2010), CHE rose from 9.7
to 11.7% (10). Although many studies have examined CHE, most
focused on whole populations, not specific vulnerable groups.

In China, owing to the complexity and severity of breast
cancer, the costs associated with its diagnosis and treatment are
usually higher than those of other diseases, showing a high OOP
expenditure and leading to countless CHE incidents. Nationally,
the basic health insurance system comprises the Urban Employee
Basic Medical Insurance (UEBMI) and the Urban and Rural
Resident Basic Medical Insurance (U&RRBMI), with the first
offering a higher reimbursement rate compared to the latter (11).
However, the reimbursement rate of UEBMI is only 55%.

Despite these facts, few studies have evaluated CHE, its
influencing factors in households with breast cancer patients, and
the impact of different insurances on CHE in China. Thus, we
aimed to provide new information about the extent of the effect
and the relevant factors of CHE in households with breast cancer
patients; furthermore, we aimed to explore the ability of the
medical insurance to protect Chinese residents from CHE. Our
findings may contribute to improving and adjusting the related
healthcare policies, which may evoke a reduced economic burden
of disease on families affected by breast cancer.

METHODS

Context

The Cancer Screening Program in Urban China (CanSPUC),
a key national project supported by the Chinese government,
was initiated in 2012. It has served to conduct evaluations of

personal cancer risk, clinical cancer screening, health economic
evaluation, and follow-up work during the past years. Specifically,
it primarily aimed to explore how to appropriately implement
the screening of high risk populations and the early diagnosis of
major cancers in Chinese urban populations. By 2018, it covered
20 provinces/municipalities in China (12).

Data Collection

A multicenter cross-sectional survey was conducted from
January 2018 to June 2019 as part of CanSPUC. Geographic
regions/provinces were grouped into eastern, central and
western in line with the classification of economic development
zones by the Chinese National Bureau of Statistics. Nine
tertiary hospitals, were selected from these zones considering
cancer patient volumes and completeness of medical records,
including Guangdong Cancer Hospital (eastern); Anhui Cancer
Hospital, Heilongjiang Cancer Hospital, Shanxi Cancer Hospital
(central); Guangxi Cancer Hospital, Yunnan Cancer Hospital,
the Regional Cancer Hospital and two city hospitals in Inner
Mongolia (western).

Cancer patients diagnosed initially over the period from
01 January 2015 to 31 December 2016 were eligible for
CanSPUC program. Eligible study participants were identified
from the hospital records and then approached for a survey. The
questionnaire was administered through face-to-face interviews.
The survey was coordinated by the National Cancer Center.
The interviewers were trained prior to deployment and
required to check completeness of the questionnaire before
concluding each interview. The questionnaire for this survey
collected data regarding demographic characteristics, household
income and expenditure, medical expenses for cancer treatment,
and insurance compensation. A total of 2,565 patients were
investigated, including lung cancer, breast cancer, colorectal
cancer, oesophageal cancer, stomach cancer and liver cancer.

Regarding household income and expenditure, respondents
were asked to describe them for both 2015 and 2016. Regarding
medical expenses for cancer treatment, respondents were asked
to describe this variable over a 2-year period (i.e., 2 months
before and 22 months after the diagnosis); these costs included
payments for hospital diagnosis, treatment, and medicines
(prescription and non-prescription drugs) purchased from
pharmacy retail stores. Household consumption expenditure
includes the amount spent on food, clothing and daily necessities,
communication and transportation, Housing, water, electricity
and fuel, cultural recreation and entertainment, medical care and
other consumption spending.

Among these, Breast cancer patients were selected as subjects
of this study. Inclusion criteria were as follows: (1) having
been diagnosed for the first time with primary breast cancer,
(2) having been initially diagnosed between 1 January 2015
and 31 December 2016, and (3) having subsequently received
cancer treatment. The exclusion criterion was having cancers in
multiple organs. In total, 639 households that had a breast cancer
patient were selected, including Guangdong (19.9% of the total
sample), Anhui (7.2%), Heilongjiang (12.1%), Shanxi (14.4%),
Guangxi (12.1%), Yunnan province (17.9%), and Inner Mongolia
(16.4%). Regarding household income and expenditure, owing to
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difficulties in articulating a clear cut-off point for the income and
expenditure data, we calculated average income and expenditure
across the 2 years to match the breast cancer treatment cost
data. Regarding medical expenses, we calculated average medical
expenses across the 2 years.

Data were double-entered into EpiData 3.1 to ensure accuracy
and analysed using Stata 15.

TABLE 1 | Participant characteristics.

Sociodemographic characteristics Number Percent (%)
Gender

Male 5 0.78
Female 634 99.22
Age (years)

<60 467 73.08
>60 172 26.92
Education level

None 29 4.54
primary school 105 16.43
Junior and Senior high school 343 53.68
University and above 162 25.35
Marital status

Married 563 88.11
Rest 1 76 11.89
Course of disease

<1 year 75 11.74
1-2 year 564 88.26
Household size

<3 377 59.00
>4 262 41.00
Insurance

UEBMI 317 49.61
U&RRBMI 303 47.42
Rest 2 19 2.97
Income level (RMB)

<80,000 444 69.48
>80,000 195 30.52
Treatment method

Surgery alone 220 34.43
Radical surgery 101 15.81
Radiotherapy alone or chemotherapy alone 52 8.14
Surgery and postoperative adjuvant chemotherapy 229 35.84
Neoadjuvant chemotherapy and surgery 19 2.97
Rest 3 18 2.82

Rest 1 represents unmarried, divorced and widowed. Rest 2 stands for Public medical,
commercial insurance and uninsured. Rest 3 stands for symptomatic treatment,
concurrent radiotherapy and chemotherapy and oral medication. The UEBMI represents
Urban Employee Basic Medical Insurance. UEBMI is a government-run mandatory
insurance program based on employment. Because there is no guarantee for urban
residents without formal employment, the government launched the Urban Resident
Basic Medical Insurance (URBMI) plan in 2007. For uninsured rural residents, the New
Cooperative Medical Scheme (NCMS) was implemented in 2003. U&RRBMI includes
URBMI and NCMS. The RMB is the abbreviation of Ren Min Bi, which is the currency
of China.

Measuring CHE

Based on prior studies (5, 6, 13), CHE was defined as OOP equal
to or greater than a threshold level of 40% of household’s CTP.
In this research, OOP covered only direct medical expenditures.
CTP was defined as households’ non-food expenditure; we also
used CTP as the denominator to calculate CHE, which allowed
us to partly avoid measurement bias; such bias is often neglected
when examining poverty-ridden families. Based on prior research
(14, 15), we used the indicator E to demonstrate whether CHE
occurred. In the equation below, the indicator Ei defined whether
CHE occurred:

oop
0, xi;gflgx)

L w=m

i <7
'= >Z

Where i is household i, xi is the total consumption expenditure,
flx) is the food expenditure, and Z is the threshold of CHE. Based
on this definition and prior research (14, 15), the incidence and
intensity were calculated as follows:

N
1
Headcount = — Ei
S

N
1 oop
Overshoot = — Ei(——— —Z
ve N; l(xi—f(x) )
Overshoot
MPO = ———
Headcount

In these formulas, N is the sample size. Headcount was CHE
incidence, which is the percentage of households with breast
cancer patient whose OOP expenditures exceeded the given
threshold. Overshoot is the average distance, it reflects the
intensity of CHE in the overall households with cancer patients.
MPO is the mean relative distance, it indicates the intensity of
CHE in the households suffering from CHE (14, 16).

Statistical Analysis

The demographic profile of the breast cancer patients was
described using the frequency and percentage for categorical
variables (e.g., education level, marital status, and insurance
type). The chi-squared test was applied to examine the
associations between CHE and other variables including gender,
age, education level, marital status, course of disease, household
size, insurance, income level and treatment method. The
statistically significant variables were then entered into the
multivariate logistic regression. P < 0.05 was considered
statistically significant.

A study has shown that the asymptotic quality of the standard
maximum likelihood (ML) model can eliminate sample size
problems (17); however, some researchers, specifically Hart and
Clark (18, 19), suggested that reasoning problems began to occur
when the sample size was <30; Eliaison, in turn, recommended
a sample size of higher than 60 participants. Therefore, our
sample size, which comprised 639 households with breast cancer
patients, was adequate to meet the aforementioned requirements.
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TABLE 2 | Incidence of CHE before and after insurance compensation.

Sociodemographic CHE
characteristics

Before insurance After insurance p
compensation compensation

Gender

Male 100.00% 60.00% 0.745
Female 87.85% 66.88%

Age (years)

<60 87.58% 66.81% 0.990
>60 88.95% 66.86%

Education level

None 89.66% 86.21% 0.000
primary school 91.43% 76.19%

Junior high school and Senior 89.21% 67.64%

high school

University and above 82.72% 55.56%

Marital status

Married 87.39% 66.61% 0.753
Rest 1 92.11% 68.42%

Course of disease

<1 year 81.33% 52.00% 0.004
1-2 year 88.83% 68.79%

Household size

<3 88.06% 64.46% 0.127
>4 87.79% 70.23%

Insurance

UEBMI 85.80% 58.04% 0.000
URRBMI 90.43% 75.91%

Rest 2 84.21% 68.42%

Income level (RMB)

<80,000 91.89% 74.77% 0.000
>80,000 78.97% 48.72%

Treatment method

Surgery alone 82.27% 57.73% 0.000
Radical surgery 84.16% 56.44%
Radiotherapy alone or 90.38% 73.08%
chemotherapy alone

Surgery and postoperative 93.89% 76.42%

adjuvant chemotherapy

Neoadjuvant chemotherapy and 94.74% 84.21%

Surgery

Rest 3 88.89% 77.78%

Total 87.95% 66.82%
RESULTS

The general characteristics of breast cancer patients and their
families are shown in Table 1. Overall, 0.78% patients were
male and 99.22% female, and their average age was 53.9 years
[importantly, a study showed that the annual incidence of male
breast cancer amounts to <1% of all breast cancer patients
(20)]. Most patients completed junior and senior high school
(53.68% of the total sample), followed by university and higher

degrees (25.35%), primary school (16.43%), and none (4.54%).
Regarding marital status, 88.11% of the respondents were
married. Regarding disease course, 88.26% of the respondents
had cancer for 1-2 years. Regarding household size, 59% of
the households comprised less than four people. Regarding type
of medical security, those under the UEBMI were 49.61% of
the sample, and under the UXRRBMI were 47.42%. Regarding
treatment method, surgery alone accounted for 34.43% of the
sample and surgery and postoperative adjuvant chemotherapy
accounted for 35.84%.

CHE incidence and intensity—defined by Headcount and
Overshoot—for all households before and after insurance
compensation are depicted in Table2 and Figurel. The
Headcount of households with breast cancer patients before
insurance compensation was 87.95%; after compensation, it was
66.82% (p = 0.000). Thus, insurance was shown to reduce the
incidence of CHE by 21.13%.

Meanwhile, the Headcount of households with breast cancer
patients protected by the UEBMI were 85.80 and 58.04% before
and after insurance compensation (p = 0.000), respectively;
Thus, the UEBMI was shown to reduce the incidence of
CHE by 27.76%. The Headcount of households with breast
cancer patients protected by the U&RRBMI were 90.43 and
75.91% (p = 0.000) before and after insurance compensation,
respectively; thus, the U&RRBMI was shown to reduce the
incidence of CHE by 14.52%.

As shown in Figure 1, the MPO were 28.67 and 22.75%
before and after insurance compensation, respectively. Moreover,
households that faced CHE at 40% of the total expenditure
averagely devoted 62.75% (22.75 4 40%) of their earnings
to afford health services. The Overshoot of households with
breast cancer patients were 25.21 and 15.20% before and after
insurance compensation, respectively. Breast cancer households
that actually had experienced catastrophe at the 40% threshold
spent an average of 22.75% (MPO) over this threshold. Thus,
these households spent an average of 62.75% of all non-food
expenditures on OOP medical expenses.

Patients with breast cancer who had no education, longer
course of disease, UXRRBMI insurance, lower income level
and more expensive treatment method tended to have higher
incidence of CHE than the others (Table2). The logistic
regression model further confirmed that education, course of
disease, insurance, income level and treatment method were
significant predictors of CHE (Table 3).

DISCUSSION

To the best of our knowledge, this was the first study that
examined CHE incidence and analysed and compared CHE
incidence and intensity before and after insurance compensation
among households with breast cancer patients in China. Our
research found that OOP expenditures for breast cancer patients
led 66.82% of our sample to incur in CHE. The incidence of
CHE in our study were significantly higher than Malaysia (at
47.8%) (21), South Korea (39.8%) (22), and eight Southeast Asian
countries (48%) (23). Concomitantly, the CHE rates in our study
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35.00%
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25.21%
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Overshoot and MPO

Before insurance compensation

B Overshoot ® MPO

FIGURE 1 | Intensity of CHE before and after insurance compensation. The Overshoot is the average distance, it reflects the intensity of CHE in the overall
households with cancer patients. The MPO represents mean relative distance, it indicates the intensity of CHE in the households suffering from CHE.

22.75%
15.20%

After insurance compensation

TABLE 3 | Multivariate logistic regression model of determinants of CHE.

Determinants OR SE p 95% ClI
Education level (ref: none)

primary school 0.299 0.184 0.049 0.089 0.996
Junior and Senior high school 0.261 0.152 0.022 0.083 0.821
University and above 0.274 0.168 0.036 0.082 0.916
Course of disease(ref: <1 year)

1-2 year 2.74 0.776 0.000 1.574 4.778
Insurance (ref: UEBMI)

U&RRBMI 1.677 0.368 0.018 1.091 2.579
Rest 2 1.400 0.755 0.532 0.486 4.030
Income level (ref: <80,000)

>80,000 0.306 0.064 0.000 0.202 0.463
Treatment method (ref: surgery alone)

Radical surgery 0.717 0.190 0.210 0.467 1.206
Radiotherapy or chemotherapy 1.724 0.628 0.135 0.843 3.5283
Surgery and adjuvant chemotherapy 2.377 0.532 0.000 1.532 3.686
Neoadjuvant chemotherapy and surgery 4.131 2.831 0.088 1.078 15.83
Rest 3 3.131 1.922 0.063 0.940 10.42
Cons 0.578 0.703 0.411

were slightly lower than those in Iran (67.9%) (24). Additionally,
the overall CHE incidence in the general population was only of
13.0%, a value confirmed by another Chinese study (25). Thus,

OOP expenditures regarding breast cancer treatments impose a
serious economic burden on most households with breast cancer
patients in China.

Our results also illustrated that insurance is capable of
protecting some households with breast cancer patients from the
impact of CHE; however, the overall incidence of CHE remained
very high. Specifically, the impact of UEBMI on CHE was greater
than that of UXRRBMI; particularly, patients with U&RRBMI
were more likely to experience CHE. A prior study, which showed
that the UEBMI and U&RRBMI have different deductibles, limit
lines, and reimbursement rates, may explain this result (11).
Therefore, stakeholders and decision-makers regarding breast
cancer in China should not only endeavour to expand the
scope and depth of these health insurances but also reduce the
differences between the UEBMI and U&RRBM], as this may help
relieve patients’ and their families’ OOP medical expenditures.

Additionally, in our study, the factors associated of CHE
in households with breast cancer patients included education,
disease course, health insurance type, treatment method, and
income. Particularly, having no education, a longer disease
course, an expansive treatment method, and low income were
factors that had a significant impact on CHE. Concurring with
our results, a study conducted in 10 countries in Southeast
Asia showed that education, income, and health insurance type
were all determinants of CHE (23). They further found that
cancer stage also influenced the occurrence of CHE, in that the
likelihood of CHE increased as the cancer stage became higher.
We deemed that this variable was like the treatment method
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variable we utilised; thus, cancer stage and treatment methods
may affect the OOP expenditure of households with breast cancer
patients, thereby affecting the occurrence of CHE.

However, it is hard for researchers and other stakeholders
to change the education, disease course, and income variables
of households with breast cancer patients; nonetheless, we can
enhance the financial protection provided by insurances and
relieve treatment costs for breast cancer to help reduce the
incidence of CHE. Currently, the coverage of the basic Chinese
health care insurances we studied can be deemed as high;
however, they have a somewhat limited impact on OOP health
expenditures. Particularly, reimbursement rates are the highest
for the UEBMI (at 55%), followed by the URBMI (40%), and
the New Rural Cooperative Medical Scheme (30%) (11). For
households with breast cancer patients, these reimbursements
ratios hinder the ability of these insurances to protect people from
incurring in CHE. Therefore, the Chinese government should
further optimise and adjust these programs to reduce CHE,
specifically for households with critical diseases such as breast
cancer that are related to high OOP health expenditures.

According to our findings, the CHE rates for households with
breast cancer patients owe not only to the low reimbursement
levels mentioned above but also to high medical costs; this finding
is in line with the literature (26). In China, these high medical
costs may be because of insufficient governmental financial
input and the fee-for-service payment mechanism (27-30). The
Chinese government had taken full responsibility for financing
public hospitals at the end of the 1970s. However, the subsidies
of government have been reduced to less than one-third of the
income of public hospitals in the past three decades. Accordingly,
a study showed that public hospitals need to heavily rely on
OOP for cost recovery (29). Meanwhile, the fee-for-service
methodology has been shown to encourage doctors to provide
excessive medical treatments (29, 30). Moreover, the National
Bureau of Statistics showed that the national health expenditure
per capita increased from 1,314 Yuan in 2009 to 4,236 Yuan in
2018 (31). Therefore, policy-makers should endeavour to develop
policies that help control the cost of medical procedures; we
suggest potential reforms in the insurance payment method to
reduce patients’ economic loss.

Our study has several limitations. First, we defined OOP
regarding only direct medical expenditures, excluding direct
non-medical costs. Second, we evaluated CHE only in households
that received treatment, excluding households that could not
afford the treatment; thus, these variables in households with
breast cancer patients might, to some extent, have been
underestimated. Third, owing to data availability, we did not
include not all potential influencing factors of CHE, such as
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