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Abstract

Aims. To estimate the association of catastrophic health expenditure (CHE) with the risk of
depression in middle-aged and old people in China.

Methods. We used data of 2011, 2013, 2015 and 2018 from the China Health and Retirement
Longitudinal Study, which covered 150 counties of 28 provinces in China. CHE was calculated
as out-of-pocket health expenditure exceeding 40% of a household’s capacity to pay. Depression
was measured by a 10-item Centre for Epidemiological Studies Depression Scale. We evalu-
ated CHE prevalence and applied Cox proportional hazard models to estimate adjusted hazard
ratios (aHRs) and 95% confident intervals (CIs) for the risk of depression among participants
with CHE after controlling potential confounders, compared with those without CHE.
Results. Among 5765 households included in this study, CHE prevalence at baseline was
19.24%. The depression incidence of participants with CHE (8.00 per 1000 person-month)
was higher than that of those without CHE (6.81 per 1000 person-month). After controlling
confounders, participants with CHE had a 13% higher risk (aHR = 1.13, 95% CI: 1.02-1.26) of
depression than those without CHE. In subgroup analysis, the association of CHE with depres-
sion was significant in males and in people with chronic diseases, of younger age, living in rural
areas and of lowest family economic level (all P < 0.05).

Conclusions. Nearly one of five middle-aged and old people in China incurred CHE, and CHE
was associated with the risk of depression. Concerted efforts should be made to monitor CHE
and related depression episode. Moreover, timely interventions about CHE and depression
need to be implemented and strengthened among middle-aged and old people.

Introduction

In 2015, the Sustainable Development Goals (SDGs) were approved by 193 Member States of the
United Nations (UN, 2022). Among these goals, SDG target 3.8 focuses on achieving universal
health coverage (UHC), including financial protection, access to quality essential healthcare
services and access to safe, effective, quality and affordable essential medicines and vaccines for
all people by 2030. The financial hardship caused by high out-of-pocket (OOP) health spending
is a major obstacle on the road to achieve UHC. According to the World Health Organization,
about 100 million people are pushed into extreme poverty each year because of OOP health
expenditures, which highlights the importance of financial protection for achieving UHC by
2030 (WHO, 2022).

In order to monitor the progress toward achieving UHC, WHO recommend an indicator,
catastrophic health expenditure (CHE), defined as OOP health payments exceeding a special
threshold of a household’s ability to pay for healthcare (Xu et al., 2003). CHE means that the
OOP health payments are so high that households have to reduce their basic expending (Sui
et al., 2020). According to an observational study, the global incidence of CHE in 2000, 2005
and 2010 were estimated as 9.7%, 11.4% and 11.7%, respectively (Wagstaff et al., 2018). A study
using nationally representative data in China revealed that the incidence of CHE declined from
14.7%in 2010 to 8.7% in 2018 (Liu et al., 2021). A series of studies indicated that the older people
had a higher risk of CHE. Liu et al. (2021) found that household members aged 50-64 years were
2.09 times and those aged >65 years were 1.61 times more likely to incur CHE than those aged
16-24 years. Similarly, a study conducted in Kenya reported that compared with household
head aged <25 years, those aged 25-34 (odds ratio [OR] = 1.30, 95% confident interval [CI]:
1.05-1.62), 35-44 (OR = 1.50, 95% CI: 1.08-2.08), 45-54 (OR = 1.88,95% CI: 1.31-2.71), and
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>55(OR=1.72,95% CI: 1.15-2.58) years were more likely to incur
CHE (Barasa et al., 2017). Hence, there are a number of people still
facing financial hardship for OOP health spending, especially older
people.

Depression is an increasingly common mental problem all over
the world. According to the Global Burden of Disease Study, the
number of disability adjusted of life years (DALYs) of depression
increased 61.1% (95% uncertain interval: 56.9-65.0) in all ages
from 1990 to 2019 (GBD 2019 Diseases and Injuries Collaborators,
2020). The prevalence of depression varies considerably across
different subpopulation, severity grades, countries and diagnostic
criteria, but the 12-month prevalence of major depressive disorder
was approximately 6.0% overall, and the prevalence of any depres-
sion was 4.2% for ICD-10 in older adults (Kessler and Bromet,
2013; Sjoberg et al., 2017). Some studies reported that compared
with older adults, the prevalence of major depressive disorder was
two times higher in younger adults (Hasin et al., 2018; Kessler et al.,
2005). However, the impact caused by depression in older pop-
ulation may be worse than in younger population because of the
existence of comorbidities and other reasons (Alexopoulos, 2005;
Read et al., 2017). The significant association of depression with
cognitive impairment was revealed in the older population by a
lot of studies (Shimada et al., 2014; Zhou et al., 2021). Besides,
depression has a robust connect with cardiovascular disease (CVD)
incidence, severity and outcomes. Current studies indicated that
compared with people without depression, those with depression
had an increased risk of CVD incident, myocardial infarction
and CVD mortality (Meng et al., 2020; Rajan et al, 2020). The
DALYs of depression for people aged 50-74 years was nearly 5.2
times than for those aged 10-24 years and 2.0 times than for
those aged 25-49 years in 2019 (GBD 2019 Diseases and Injuries
Collaborators, 2020). Therefore, depression is a pending and cru-
cial issue in the elderly.

Risk factors of depression include social, psychological and bio-
logical factors, as well as their interactions (Heim and Binder, 2012;
Malhi and Mann, 2018). Because of physiological differences, older
people are more vulnerable to incur depression than younger peo-
ple. Ageing-related and disease-related processes, including arte-
riosclerosis and inflammatory, endocrine and immune changes,
comprise the function of brain and increase the vulnerability to
depression among the elderly (Alexopoulos, 2005). Furthermore,
psychosocial adversity, like economic impoverishment, changes
the physiological performance and intensifies the susceptibility
to depression in older people with poor socioeconomic status
(Alexopoulos, 2005; Langer et al., 2022). Obviously, CHE is just
one form of psychosocial adversity, which pushes household into
poverty and financial pressure. Hence, there may be a correlation
between CHE and depression in the elderly. Nevertheless, current
studies about the outcomes of CHE mostly concentrated on the
economic influence, such as the countermeasures for coping with
high costs of OOP health spending but rarely on the mental health
of family members (Kasahun et al., 2020).

Our study used all waves (2011,2013, 2015, and 2018) data from
the China Health and Retirement Longitudinal Study (CHARLS),
which collected data from socioeconomic status to self-health con-
dition among people aged >45 years, in order to analyze the asso-
ciation of CHE with long-dated depression among middle-aged
and old people. In this way, our study was the first one focusing
on the relationship between CHE and the risk of depression in
middle-aged and elderly population of China.
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Methods
Study design and participants

Data in this study were obtained from the nationally representative
database (CHARLS), which is implemented by the National School
of Development of Peking University to collect social, economic
and health circumstances among individuals aged >45 years and
their spouses/partners via face-to-face interviews with structured
questionnaires (Zhao et al., 2014). Considering sample lost to
follow-up and the long-time investigation, CHARLS included
some people aged <45 years if they meet the inclusion cri-
teria as reserved sample. The baseline survey was conducted
between June 2011 and March 2012 among participants who were
selected by multistage stratified probability-proportionate-to-size
sampling in 150 counties of 28 provinces in China, and CHARLS
respondents were followed every 2 years. All data were avail-
able to be downloaded from CHARLS official website (http://
charls.pku.edu.cn/). The CHARLS was approved by the Biomedical
Ethics Review Committee of Peking University (IRB00001052-
11015).

Our study used longitudinal data from all waves (2011, 2013,
2015 and 2018) of CHARLS. Baseline survey included 17,708
individuals with valid interview responses. Participants who aged
<45 years (n = 415), had missing data of depression symptoms
at baseline (n = 1607), had depression at baseline (n = 5816),
were lost to follow-up (n = 1254), died during follow-up without
information of depression (n = 47), had missing data of base-
line characteristics (n = 53) and had missing data of depression
at the end of follow-up (n = 580) were excluded. Besides, 2171
participants not the main respondents of households, who were
selected randomly among those participants meeting the inclusion
criteria, were excluded. Finally, a total of 5765 individuals (main
respondents) were included in this study (Figure 1).

Catastrophic health expenditure

The head of the household was identified as the main respondents
in our study. The household OOP medical expenditure was mea-
sured as the self-paid medical expenditure (excluding reimbursed
expenses, including the expenditure paid by household mem-
bers) of outpatient services, inpatient services and self-treatment
medicine of respondents and their spouses/partners in the past
12 months. The yearly household food expenditure was estimated
by the weekly meal expenses collected from the questionnaire,
and the total household expenditure in the past 12 months was
calculated as the sum of monthly daily expenditures (food, trans-
portation, communication and so on) multiplied by 12 plus yearly
special expenditures (heating, medical care, clothing, education
and so on).

Household who incurred CHE was defined as household OOP
medical expenditure that exceeded 40% of a household’s capac-
ity to pay (defined as total household expenditure minus house-
hold food expenditure) (Cylus et al, 2018). CHE prevalence at
baseline was measured as the percentage of the number of house-
hold heads incurring CHE to total participants. The formula was

N
CHE prevalence = (% > CHE;) x 100%, where N is the total

1
number of participants, CHE; is 1 when the ith household occurred
CHE, and 0 otherwise.
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Baseline in 2011:
17708 individuals
~
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Died during follow-up without information of depressive
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l

l

Exposed group
(With CHE at baseline)

Figure 1. Flowchart of the study population. n=1109

CHE: catastrophic health expenditure

Non-exposed group
(Without CHE at baseline)
1n=4656

Depression

Depression was measured by the 10-item Center for
Epidemiological Studies Depression Scale (CES-D), which is
a shortened version of the original 20-item CES-D (Table S1)
(Andresen et al., 1994). CES-D was not designed as a diagnostic
tool but was widely used to identify individuals at high risk of
depression in the general population and various subpopulations
(Smarr and Keefer, 2020). The score of each item in the 10-item
CES-D, as same as the 20-item CES-D, ranges from 0 to 3 accord-
ing to the answer of ‘how often you felt this symptom during
the past week, where 0 = rarely or none of the time (<1 day),
1 = some or a little of time (1-2 days), 2 = occasionally or a
moderate amount of time (3-4 days) and 3 = most or all of the
time (5-7 days) (Smarr and Keefer, 2020). The score of the 10-item
CES-D ranges from 0 to 30, and total score >10 is recommended
as a cutoff for depression (Andresen ef al., 1994).

Covariates

Covariates in this study include demographic characteristics: gen-
der (men and women), age group (45-54, 55-64 and >65), marital
status (married/partnered and other), education (illiterate/semilit-
erate, primary school, middle school, high school and above),
medical insurance (without any insurance, urban employee basic
medical insurance [UEBMI], urban resident basic medical insur-
ance [URBMI], new rural cooperative medical scheme [NRCMS]
and other); health-related characteristics: chronic diseases (yes and
no), body mass index ([BMI]; normal, lower, overweight and obe-
sity), outpatient services (yes and no), inpatient services (yes and
no), smoking status (smoked, smoking and never) and current
drinking (yes and no); socioeconomic characteristics: residence
(urban and rural), family economic level (four classes), family size
(1-2,3-4 and >5) and economic development level (four classes).

The family economic level was classified by the quartiles
of household annual income (lowest: <4000 yuan; lower:
4000-16,799 yuan; higher: 16,800-38,399 yuan; highest: >38,400
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yuan). Similarly, the economic development level was identified
by the quartiles of 2011 per capita gross regional product (lowest:
<27,250 yuan; lower: 27,250-33,231 yuan; higher: 33,232-48,200
yuan; highest: >48,201 yuan), which were obtained from the 2011
China Statistical Yearbook (National Bureau of Statistics of the
People’s Republic of China, 2011).

Statistics analysis

This study used mean + standard deviation (SD) for continuous
variables or frequencies and percentages for categorical variables
to describe the baseline characteristics of participants. The Pearson
X* test was employed to compare distribution of CHE accord-
ing to different baseline characteristics. We applied a multivariate
logistical regression model to analyze the determinants of CHE.

To analyze the association of CHE with the risk of depres-
sion, we first calculated the unadjusted incidence rates (number
of events divided by accumulated person-month) during follow-up
time (described by median and interquartile range [IQR]). Second,
we used Cox proportional hazard regression models to estimate the
hazard ratios (HRs) and 95% ClIs of depression among participants
with CHE, compared with those without CHE.

We did four sensitivity analyses to evaluate the robustness of our
estimations. First, we established three multivariate Cox propor-
tional hazard models adjusted for different confounding factors. In
model 1, we adjusted demographic characteristics, including gen-
der, age group, marital status, education and insurance. Model 2
further contained health-related characteristics, including chronic
diseases, BMI, outpatient services, inpatient services, smoking sta-
tus and current drinking. In model 3 (final fully adjusted model),
in addition to those factors included in model 2, we also adjusted
socioeconomic characteristics, including residence, family eco-
nomic level, family size and economic development level. Second,
we transferred the categorical variables age group and family eco-
nomic level into continuous variables and conducted the same
analysis in the final model. Third, we used the threshold of 25%
for the definition of CHE in the final model. Fourth, we changed
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Table 1. Distribution of CHE events according to baseline characteristics

Total Without CHE With CHE
Characteristics (N = 5765) (n = 4656, %) (n = 1109, %) x2 P value
Demographic characteristics
Gender 6.145 0.013
Men 3080 2450 (79.5) 630 (20.5)
Women 2685 2206 (82.2) 479 (17.8)
Age group 101.567 <0.001"
45-54 2073 1792 (86.4) 281 (13.6)
55-64 2189 1767 (80.7) 422 (19.3)
>65 1503 1097 (73.0) 406 (27.0)
Marital status 12.640 <0.001"
Married/partnered 5044 4038 (80.1) 1006 (19.9)
Other 721 618 (85.7) 103 (14.3)
Education 5.623 0.131
Illiterate/semiliterate 2318 1849 (79.8) 469 (20.2)
Primary school 1278 1021 (79.9) 257 (20.1)
Middle school 1327 1091 (82.2) 236 (17.8)
High school and above 842 695 (82.5) 147 (17.5)
Insurance 8.296 0.081
None 343 288 (84.0) 55 (16.0)
UEBMI 687 575 (83.7) 112 (16.3)
URBMI 253 196 (77.5) 57 (22.5)
NRCMS 4162 3355 (80.6) 807 (19.4)
Other 298 242 (81.2) 56 (18.8)
Health-related characteristics
Smoking status 8.840 0.012"
Never 3325 2689 (80.9) 636 (19.1)
Smoked 537 409 (76.2) 128 (23.8)
Smoking 1903 1558 (81.9) 345 (18.1)
Drinking 1.294 0.255
No 3634 2918 (80.3) 716 (19.7)
Yes 2131 1738 (81.6) 393 (18.4)
Chronic diseases 94.454 <0.001"
No 2114 1848 (87.4) 266 (12.6)
Yes 3651 2808 (76.9) 843 (23.1)
BMI 1.004 0.800
Normal 3428 2780 (81.1) 648 (18.9)
Lower 272 219 (80.5) 53 (19.5)
Overweight 1478 1191 (80.6) 287 (19.4)
Obesity 587 466 (79.4) 121 (20.6)
Outpatient services 343.139 <0.001"
No 4868 4133 (84.9) 735 (15.1)
Yes 897 523 (58.3) 374 (41.7)

(Continued)
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Table 1. (Continued.)
Total Without CHE With CHE
Characteristics (N = 5765) (n = 4656, %) (n = 1109, %) x2 P value
Inpatient services 230.010 <0.001"
No 5352 4440 (83.0) 912 (17.0)
Yes 413 216 (52.3) 197 (47.7)
Socioeconomic characteristics
Residence 4.199 0.040
Urban 2395 1965 (82.0) 430 (18.0)
Rural 3370 2691 (79.9) 679 (20.1)
Family economic level 61.895 <0.001"
Lowest 1282 976 (76.1) 306 (23.9)
Lower 1385 1080 (78.0) 305 (22.0)
Higher 1551 1256 (81.0) 295 (19.0)
Highest 1547 1344 (86.9) 203 (13.1)
Family size 81.489 <0.001"
1-2 2076 1549 (74.6) 527 (25.4)
3-4 1981 1675 (84.6) 306 (15.4)
>5 1717 1441 (83.9) 276 (16.1)
Economic development level 2.917 0.405
Lowest 1665 1365 (82.0) 300 (18.0)
Lower 985 790 (80.2) 195 (19.8)
Higher 1654 1337 (80.8) 317 (19.2)
Highest 1461 1164 (79.7) 297 (20.3)
*P < 0.05

the original main respondents of households with two eligible
respondents to the 2171 excluded participants in the final model.

To explore the differential effect in population groups, we
did subgroup analyses stratified by gender, age group, insurance,
chronic diseases, residence, economic development level and fam-
ily economic level, using the same model but with the stratification
variable removed.

All of the data were analyzed in R 4.2.1 (R Core Team, Vienna,
Austria). Two-side P value less than 0.05 was considered to be
significant.

Results
Baseline characteristics

A total of 5765 participants were enrolled in this study, of
which 3080 (53.4%) were male. The mean (SD) age was 58.8
(9.4) years old. A total of 5044 (87.5%) participants were mar-
ried/partnered, 4162 (72.2%) participants had NRCMS and 2318
(40.2%) participants had an education level of illiterate/semiliterate
(Table 1).

Catastrophic health expenditure

Among 5765 participants, the prevalence of CHE was 19.24%.
The distribution of CHE prevalence by province at baseline was
shown in Figure 2. Heilongjiang, Jilin, Liaoning, Henan, Hubei,
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Chonggqing, Sichuan and Xinjiang had higher CHE prevalence than
other provinces.

As the results of chi-square test and logistical regression anal-
ysis revealed (Table 1 and Table S2), male participants, partici-
pants aged 55-64 years, who were married/partnered, with chronic
diseases, with outpatient services, with inpatient services and
with lower and highest economic development level had higher
prevalence of CHE than the reference group (all P < 0.05).
Moreover, those with family size of 3-4 and lower and higher fam-
ily economic level were less likely to experience CHE than others
(all P < 0.05).

Risk of depression

During the median 50 (IQR: 25-84) person-month of follow-up,
2379 of 5675 participants developed depression, of which 1873
people had no CHE and 506 people had CHE. The incidence
rate of depression among participants with CHE (8.00 per 1000
person-month) was higher than those without CHE (6.81 per 1000
person-month, P = 0.001, Table 2). In the unadjusted analysis,
participants with CHE had an 18% higher risk of depression than
those without CHE (crude hazard ratio = 1.18, 95% CI: 1.07-1.30).
In the multivariate analysis, fully adjusted for demographic char-
acteristics, health-related characteristics and socioeconomic char-
acteristics, compared with participants without CHE, those with
CHE had a 13% increased risk of depression (adjusted hazard ratio
[aHR] = 1.13, 95% CI: 1.02-1.26, Table 2).
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Figure 2. Distribution of catastrophic health expenditure prevalence among middle-aged and old participants at baseline by province.

In the sensitivity analyses, the significant association of CHE
with risk of depression was stable in multivariate models adjusted
for only demographic characteristics or further adjusted for health-
related characteristics, or in model where the categorical variables
age group and family economic level were transferred to continu-
ous variables, or in model where the threshold of CHE definition
was changed into 25%, or in model where the originally selected
main respondents from households with two eligible respondents
were replaced by the excluded ones (Table S3).

Subgroup analysis

The subgroup analysis was stratified by gender, age group, insur-
ance, chronic diseases, residence, economic development level,
family economic level and family size using the same model but
with the stratification variable removed. The association of CHE
with risk of depression was significant in male participants and in
participants of younger age, with chronic diseases, living in rural
areas, and with lowest economic development level (all P < 0.05,
Fig. 3).

Discussions

With ageing, people are more likely to develop physical comorbidi-
ties and neurodegenerative diseases (Niccoli and Partridge, 2012),
leading to a great amount of OOP health expending and pushing
household into financial hardship, which may intensify the suscep-
tibility to depression in middle-aged and old people (Alexopoulos,
2005; Langer et al., 2022). Therefore, in order to achieve UHC by
2030 and prevent depression among middle-aged and old people,
exploring the association of CHE with depression is really urgent.
Our study is the first one to explore the impact of CHE on long-
dated depression in the middle-aged and old population in China.
We found that participants with older age, married/partnered,
chronic diseases, outpatient services, inpatient services, lower and
highest economic development level had higher prevalence of CHE
than others, and CHE had a negative impact on depression episode.
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More economic interventions on the incidence of depression need
to be implemented and intensified.

Our study found that the CHE prevalence of participants
was 19.24%, which was higher than in the general population
in China in the same period (14.7% in 2010) (Liu et al., 2021).
Moreover, according to other studies, participants with older age,
married/partnered, chronic diseases, outpatient services, inpatient
services, lower and highest economic development level had higher
prevalence of CHE than others (Atake and Amendah, 2018; Njagi
et al., 2018). Obviously, due to a decline of physical function, age-
related diseases in middle-aged and old people are more and more
prevalent, increasing the frequency of accessing to outpatient and
inpatient care, which leads to a high OOP health expense (Jaul and
Barron, 2017; Zhao et al., 2020). A number of studies revealed that
compared with younger participants, the incidence of CHE can be
two times higher in older participants (Khan et al., 2017; Liu et al.,
2021). As for the reasons that participants with higher economic
development level were more likely to incur CHE than those with
lowest economic development level, it may be that the diagnos-
tic technology of most illnesses is experienced in high economic
growth areas. In addition, people in rapid economic development
areas may be paid more attention to early detection of diseases and
other preventive healthcare services (Tang ef al., 2020). Hence, in
order to eliminate CHE and further reduce the effects caused by
CHE, we should promote health education to primary prevention
of illnesses and enhance the financial protection of chronic diseases
for those who have to go to see a doctor frequently.

Results of this study revealed that middle-aged and old peo-
ple with CHE had a 13% increased risk of depression than those
without CHE (aHR = 1.13, 95% CI: 1.02-1.26). CHE, a form of
financial hardship, as well as a kind of psychosocial adversity, is
caused by high costs of OOP health services and forces family to cut
short basic expenditure, increasing the vulnerability of depression
among middle-aged and old individuals (Alexopoulos, 2005). The
first point, in order to cut off the linkage of CHE and depression,
is preventing the incidence of CHE. As discussed above, first of
all, health promotion needs to be on the key position for reducing
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Table 2. Association of CHE with risk of depression in univariate and multivariate Cox proportional hazard models
Univariate model Multivariate model®
Outcome Incidence rate (per

Characteristics (n = 2379, %) 1000 person-month) aHR (95% Cl) P value aHR (95% Cl) P value
CHE

With 1873 (78.7) 6.81 1.00 = 1.00 =

Without 506 (21.3) 8.00 1.18 (1.07-1.30) 0.001 1.13 (1.02-1.26) 0.022
Gender

Men 1095 (46.0) 5.88 1.00 - 1.00 =

Women 1284 (54.0) 8.44 1.48 (1.37-1.61) <0.001 1.45 (1.28-1.64) <0.001
Age group

45-54 867 (36.4) 6.94 1.00 = 1.00 =

55-64 926 (38.9) 7.01 1.03 (0.95-1.11) 0.459 0.89 (0.82-0.98) 0.013

>65 586 (24.6) 7.20 1.01 (0.94-1.08) 0.792 1.02 (0.95-1.10) 0.510
Marital

Married/partnered 2065 (86.8) 6.89 1.00 - 1.00 -

Other 314 (13.2) 8.13 1.22 (1.08-1.37) 0.001 1.08 (0.95-1.23) 0.216
Education

Illiterate/semiliterate 1133 (47.6) 8.72 1.00 - 1.00 -

Primary school 541 (22.7) 7.16 0.61 (0.55-0.67) 0.77 (0.68-0.86) <0.001

Middle school 474 (19.9) 5.75 0.99 (0.91-1.09) 0.904 0.99 (0.90-1.09) 0.807

High school and above 231 (9.7) 4,57 1.02 (0.93-1.11) 0.670 1.06 (0.97-1.16) 0.218
Insurance

None 159 (6.7) 8.62 1.00 = 1.00 =

UEBMI 175 (7.4) 4.45 0.52 (0.42-0.64) <0.001 0.74 (0.59-0.92) 0.008

URBMI 90 (3.8) 6.21 0.75 (0.58-0.97) 0.027 0.86 (0.66-1.12) 0.253

NRCMS 1872 (78.7) 7.54 0.87 (0.74-1.02) 0.093 0.81 (0.69-0.96) 0.015

Other 83 (3.5) 4.68 0.54 (0.41-0.70) <0.001 0.71 (0.54-0.93) 0.014
Smoking status

Never 1454 (61.1) 7.54 1.00 = 1.00 =

Smoked 187 (7.9) 5.96 0.77 (0.66-0.89) 0.001 1.08 (0.91-1.28) 0.376

Smoking 738 (31) 6.47 0.84 (0.77-0.92) <0.001 1.15 (1.02-1.30) 0.018
Drinking

No 1615 (67.9) 7.74 1.00 - 1.00 -

Yes 764 (32.1) 5.89 0.74 (0.68-0.81) <0.001 0.88 (0.79-0.97) 0.010
Chronic diseases

No 756 (31.8) 5.82 1.00 = 1.00 =

Yes 1623 (68.2) 7.78 1.38 (1.26-1.50) <0.001 1.36 (1.25-1.49) <0.001
Outpatient services

No 1979 (83.2) 6.89 1.00 - 1.00 -

Yes 400 (16.8) 7.80 1.13 (1.01-1.26 0.027 1.01 (0.90-1.13) 0.874
Inpatient services

No 2198 (92.4) 6.98 1.00 - 1.00 -

Yes 181 (7.6) 7.76 1.12 (0.96-1.30) 0.141 1.05 (0.90-1.23) 0.542

(Continued)
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Univariate model Multivariate model®

Outcome Incidence rate (per

Characteristics (n = 2379, %) 1000 person-month) aHR (95% Cl) P value aHR (95% Cl) P value
BMI

Normal 1388 (58.3) 6.97 1.00 - 1.00 -

Lower 130 (5.5) 8.86 1.28 (1.07-1.54) 0.007 1.17 (0.97-1.40) 0.096

Overweight 615 (25.9) 6.93 0.97 (0.88-1.07) 0.535 0.98 (0.89-1.08) 0.740

Obesity 246 (10.3) 6.87 0.96 (0.84-1.11) 0.606 0.92 (0.80-1.06) 0.258
Residence

Urban 806 (33.9) 5.78 1.00 - 1.00 =

Rural 1573 (66.1) 7.91 1.36 (1.25-1.48) <0.001 1.24 (1.13-1.37) <0.001
Family economic level

Lowest 580 (24.4) 8.09 1.00 = 1.00 =

Lower 627 (26.4) 7.76 0.76 (0.70-0.83) <0.001 0.83 (0.75-0.91) <0.001

Higher 647 (27.2) 6.94 0.93 (0.86-1.01) 0.071 0.94 (0.87-1.02) 0.139

Highest 525 (22.1) 5.67 0.99 (0.92-1.08) 0.894 0.98 (0.90-1.06) 0.601
Family size

1-2 820 (34.5) 6.83 1.00 - 1.00 =

3-4 802 (33.7) 6.83 1.08 (1.01-1.16) 0.026 1.09 (1.01-1.18) 0.028

>5 757 (31.8) 7.50 1.04 (0.97-1.12) 0.261 0.99 (0.92-1.07) 0.816
Economic development level

Lowest 808 (34.0) 8.79 1.00 = 1.00 =

Lower 408 (17.2) 6.77 0.77 (0.71-0.83) <0.001 0.83 (0.77-0.90) <0.001

Higher 636 (26.7) 6.31 1.20 (1.11-1.31) <0.001 1.21 (1.11-1.32) <0.001

Highest 527 (22.2) 6.17 0.99 (0.91-1.08) 0.818 0.99 (0.91-1.08) 0.808

2Adjusted for demographic characteristics (gender, age group, education, marital status and insurance), health-related characteristics (smoking status, drinking, chronic disease, body mass
index, outpatient and inpatient services) and socioeconomic characteristics (residence, family economic level, family size and economic development level).

OOP health expenditure directly. Zhao et al. (2020) found that a
higher number of chronic diseases was associated with increased
likelihood of CHE (aHR = 1.29, 95% CI: 1.26-1.32). Second, com-
prehensive financial protection, like medical insurance, should be
intensified and expanded in all population, especially in those
who have special diseases with high medical costs. Most studies
about CHE concentrated in a subset of diseases, such as cancers,
chronic diseases, human immunodeficiency virus (HIV) infec-
tion and tuberculosis because of their unaffordable medical costs
(Assebe et al., 2020; Jung et al., 2022; Njagi et al., 2018; Sun et al.,
2021). Moreover, to reduce the medical costs of these diseases, for
example, China has launched catastrophic medical insurance (crit-
icalillness insurance) in 2012 and implemented nationwide in 2016
after city-based testing, which aimed to reimburse patients whose
OOP health expenditure exceeded a predetermined basic medical
insurance level (Li and Jiang, 2017). In addition, China even offered
treatment for free or at a reduced price for some diseases, like HIV
infection (Cao et al., 2020). However, as middle-aged and old peo-
ple are vulnerable to incur CHE, these measures should be spread
and strengthened among them.

The second point is to prevent the occurrence of depression
when CHE is inescapable. As per current evidence about financial
hardship and depression, not all people experiencing financial
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hardship will develop depression (Frankham et al., 2020). This
divergent outcome to CHE may be explained by various socioe-
conomic and psychological variables in the process, like social
support, self-esteem, personal agency and personal ability to man-
age difficulties (Drentea and Reynolds, 2015; Frankham et al,
2020; Wickrama et al., 2012). Hence, prevention interventions of
depression should be introduced widely among the middle-aged
and old people. In addition, based on the results of subgroup
analysis, the relationship between CHE and depression was sig-
nificant in males participants and in participants of younger age,
with chronic disease, living in rural areas and of lowest economic
development in our study. Measures mentioned above plus living
subsidies should be implemented with great effort in those key
population.

Our study has several limitations. First, as the limitation from
original data, household with CHE did not include extremely poor
households who cannot receive health services. Second, expen-
diture data for calculating CHE were mainly collected using the
participants’ answers, which cannot reveal the real condition with
the recalling bias. Third, the depression was measured by the
10-item CES-D in CHARLS, which may have a deviation from
clinical diagnosis, though CES-D was the most widely used scale
to evaluate depression in epidemiology studies. Forth, there may
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Total events edgrou Non-¢ edgrou

Subgroup N%) gg:s p (fhjccg) (Be’:tt: Objgms)l’* aHR (95% CI) pvalue
All 2379 (100.0) 506/1109 1873/4656 1.14 (1.14-0.88) = 0.022*
Gender

Men 1095 (46.0) 255/630 840/2450 1.22(1.04-1.41) —r—i 0.012*

Women 1284 (54.0) 251/479 1033/2206 1.08 (0.93-1.26) = 0.299
Age group

45-54 867 (36.4) 144/281 723/1792 1.27(1.05-1.53) —— 0.013*

55-64 926 (38.9) 196/422 73001767 1.05 (0.89-1.25) —— 0.574

=65 586 (24.6) 166/406 42001097 1.09 (0.90-1.33) ——— 0.370
Insurance

None 159 (6.7) 30/57 129/288 1.16 (0.75-1.80) - 0.507

UEBMI 175 (7.4) 35113 1400575 1.17 (0.78-1.75) f—— 0.439

URBMI 90 (3.8) 23/59 67/196 1.14 (0.64-2.04) ' * 0.664

NRCMS 1872 (78.7) 398/824 1474/3355 1.12 (1.00-1.26) —e— 0.060

Other 83(3.5) 20/56 63/242 1.14 (0.62-2.08)  + * 0.682
Chronic diseases

No 756 (31.8) 97/266 659/1848 1.08 (0.86-1.35) —— 0.520

Yes 1623 (68.2) 409/843 1214/2808 1.17(1.03-1.32) —— 0.013*
Residence

Urban 806 (33.9) 155/430 651/1965 1.10 (0.90-1.33) == 0.352

Rural 1573 (66.1) 351/679 1222/2691 1.15(1.01-1.31) ——i 0.030*
Economic development level

Lowest 808 (34.0) 161/300 647/1365 1.22 (1.01-1.47) i 0.036%

Lower 408 (17.2) 86/195 322/790 1.04 (0.80-1.35) L. 0.773

Higher 636 (26.7) 134/317 502/1337 1.12(0.91-1.39) ——— 0.274

Highest 527(22.2) 125/297 402/1164 1.09 (0.88-1.36) (== 0.434
Family economic level

Lowest 580 (24.4) 151/306 429/976 1.22 (1.00-1.50) =l 0.050

Lower 627 (26.4) 144/305 483/1080 1.06 (0.86-1.30) —— 0.595

Higher 647 (27.2) 131/295 516/1256 1.09 (0.89-1.34) ——— 0.416

Highest 525 (22.1) 80203 445/1344 1.20 (0.93-1.54) A 0.166
Family size

1-2 820 (34.5) 226/527 594/1540 1.07 (0.91-1.27) ——— 0.412

3-4 802 (33.7) 147/306 655/1675 1.19 (0.98-1.44) = 0.074

25 757 (31.8) 133/276 624/1441 1.21 (0.99-1.48) A 0.066

0.60 1.00 1.40 1.80 2.20

Figure 3. Subgroup analysis of the association between catastrophic health expenditure and the risk of depression.
aHR: adjusted hazard ratio; Cl: confident interval; UEBMI: urban employee basic medical insurance; URBMI: urban resident basic medical insurance; NRCMS: new rural
cooperative medical schemeP < 0.05; Tpeople with catastrophic health expenditure; fpeople without catastrophic health expenditure.

be many potential confounders we did not adjust because of the
limited data, which need be further studied.

To sum up, nearly one of five middle-aged and old people in
China incurred CHE, and people with older age, married/part-
nered, chronic diseases, outpatient services, inpatient services,
lower and highest economic development level had higher preva-
lence of CHE than others. CHE was associated with a risk of
depression. Concerted efforts should be made to monitor CHE
events and related depression episode. Moreover, timely preven-
tive interventions about CHE and depression need be implemented
among middle-aged and old people to receive UHC by 2030.
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