
ORIGINAL RESEARCH
published: 09 September 2021

doi: 10.3389/fpubh.2021.718910

Frontiers in Public Health | www.frontiersin.org 1 September 2021 | Volume 9 | Article 718910

Edited by:

Stuart Gietel-Basten,

Hong Kong University of Science and

Technology, Hong Kong, SAR China

Reviewed by:

Yuqi Zhang,

Queensland University of

Technology, Australia

Chenkai Wu,

Duke Kunshan University, China

*Correspondence:

Wei Du

duwei@seu.edu.cn

Qian Wang

hdwq2007@126.com

Specialty section:

This article was submitted to

Aging and Public Health,

a section of the journal

Frontiers in Public Health

Received: 01 June 2021

Accepted: 11 August 2021

Published: 09 September 2021

Citation:

Fan L, Hou X-Y, Liu Y, Chen S,

Wang Q and Du W (2021)

Catastrophic Health Expenditure

Associated With Frailty in

Community-Dwelling Chinese Older

Adults: A Prospective Cohort Analysis.

Front. Public Health 9:718910.

doi: 10.3389/fpubh.2021.718910

Catastrophic Health Expenditure
Associated With Frailty in
Community-Dwelling Chinese Older
Adults: A Prospective Cohort
Analysis
Lijun Fan 1, Xiang-Yu Hou 2, Yingyan Liu 1, Sunan Chen 1, Qian Wang 3* and Wei Du 1*

1 School of Public Health, Southeast University, Nanjing, China, 2 School of Health and Wellbeing, University of Southern

Queensland, Toowoomba, QLD, Australia, 3Guangdong Provincial Geriatrics Institute, Guangdong Provincial People’s

Hospital, Guangdong Academy of Medical Sciences, Guangzhou, China

Background: Catastrophic health expenditure (CHE) represents a key indicator for

excessive financial burden due to out-of-pocket (OOP) healthcare costs, which could

push the household into poverty and is highly pronounced in households with members

at an advanced age. Previous studies have been devoted to understanding the

determinants for CHE, yet little evidence exists on its association with frailty, an

important geriatric syndrome attracting growing recognition. We thus aim to examine

the relationship between frailty and CHE and to explore whether this effect is moderated

by socioeconomic-related factors.

Methods: A total of 3,277 older adults were drawn from two waves (2011 and 2013)

of the China Health and Retirement Longitudinal Study (CHARLS). CHE was defined

when OOP healthcare expenditure exceeded a specific proportion of the capacity of

the household to pay. Frailty was measured following the Fried Phenotype (FP) scale.

Mixed-effects logistic regression models were employed to assess the longitudinal

relationship between frailty and CHE, and stratification analyses were conducted to

explore the moderation effect.

Results: The incidence of CHE among Chinese community-dwelling older adults was

21.76% in 2011 and increased to 26.46% in 2013. Compared with non-frail individuals,

prefrail or frail adults were associated with higher odds for CHE after controlling for age,

gender, residence, education, marriage, income, health insurance, smoking, drinking,

and comorbidity (prefrail: odds ratio (OR) = 1.32, 95%CI = 1.14–1.52; frail: OR = 1.67,

95%CI = 1.13–2.47). Three frailty components including weakness, exhaustion, and

shrinking contributed to a significantly increased likelihood of CHE (all p< 0.05), while the

other two components including slowness and inactivity showed a non-significant effect

(all p > 0.05). Similar effects from frailty on CHE were observed across socioeconomic-

related subgroups differentiated by gender, residence, education, household income,

and social health insurance.

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2021.718910
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2021.718910&domain=pdf&date_stamp=2021-09-09
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:duwei@seu.edu.cn
mailto:hdwq2007@126.com
https://doi.org/10.3389/fpubh.2021.718910
https://www.frontiersin.org/articles/10.3389/fpubh.2021.718910/full


Fan et al. Catastrophic Health Expenditure and Frailty

Conclusions: Frailty is a significant predictor for CHE in China.

Developing and implementing cost-effective strategies for the prevention

and management of frailty is imperative to protect households from

financial catastrophe.

Keywords: catastrophic health expenditure, frailty, older people, longitudinal, China

INTRODUCTION

A considerable number of individuals are confronted with a
huge economic burden due to out-of-pocket (OOP) healthcare
expenditures worldwide, and consequently, often place their
families under a situation of unanticipated financial catastrophe
or impoverishment (1). Although health insurance arrangements
in many countries including China have achieved unprecedented
progress in recent decades, particularly by expanding medical
insurance coverage and increasing reimbursement benefits, their
role in protecting the individuals or households from being
pushed into poverty remains a challenge (2, 3). To help quantify
and deal with the financial difficulties of households resulting
from healthcare costs, researchers have generally agreed on
a term called “catastrophic health expenditure (CHE),” which
is defined as if healthcare spending exceeds a specified level
of tolerance or threshold from the capacity of the household
to pay (4, 5). The occurrence of CHE could absorb a large
proportion of the household budget and leads to the sacrifice of
the consumption of daily necessities, thereby affecting household
living conditions and further deteriorating individual well-being
(4, 5). Meanwhile, CHE is highly pronounced among older
people, who account for the high demand for healthcare services
but have limited income (3, 6). Along with the rapid and dramatic
population aging, it is thus imperative to understand the CHE
prevalence and its associated risk factors among elderly people.

Frailty, increasingly known as a good proxy for biological
aging, is a multidimensional geriatric syndrome characterized by
decreased resilience to stressors due to a generalized decline or
age-related health deficits across multiple physiological systems
(7, 8). In China, the first study using a nationally representative
sample to estimate frailty prevalence found that frailty affected
a large proportion of about 7.0% of the community-dwelling
older people (9), and a further meta-analysis reported the
prevalence of frailty to vary from 5.9 to 17.4% (10). Frailty,
similar to many other geriatric assessments, was shown to
predict adverse health outcomes and poor quality of life of
older people (11, 12). In addition, previous studies demonstrated
that frailty could predict poor recovery from stressors (13),
as well as increased healthcare utilization and costs (14–17).
For example, one Chinese study by Xu et al. (13) revealed the
connection between frailty and poor recovery from activities of
daily living (ADL) disability among non-disabled community-
dwelling older adults (13). A recent meta-analysis demonstrated
that healthcare costs increased by $79–13,423.83 in the prefrail
elderly and by $616–32,549.96 in the frail elderly than the robust
community-dwelling individuals, based on seven cohort studies
comprised of 3,750,611 participants (17). Evidence from China

also documented that frailty was an independent determinant
of primarily increased outpatient and self-treatment expenditure
among older adults (16).

However, an examination into solely healthcare costs seems
inadequate to reveal the accurate economic burden exerted
on individuals and households, considering that the same
amount of healthcare spending may mean a different story for
financially deprived or affluent families. A more comprehensive
understanding of the disease burden can be gained if the
impact of frailty on CHE is clear, which, however, remains
to be elucidated. To date, there has been minimal research
investigating the association between frailty and CHE, which yet
concluded inconsistent findings and were limited in their cross-
sectional design (18, 19). To fill in the research gap, the present
study employs a national dataset to examine the longitudinal
relationship between frailty and CHE among the community-
dwelling older adults in China, as well as to explore whether this
effect is moderated by socioeconomic-related factors to figure out
subgroup inequities.

MATERIALS AND METHODS

Data and Sample
The study participants were drawn from two waves (2011
and 2013) of the China Health and Retirement Longitudinal
Study (CHARLS), a nationally representative longitudinal
survey of the middle-aged and older Chinese population. A
detailed description of the CHARLS survey has been reported
elsewhere (20). Briefly, samples in CHARLS were selected
using the multistage stratified sampling design and probability
proportional sampling technique from 150 county-level units in
28 provinces of China. The participant information was collected
via face-to-face computer-assisted interviews using structured
questionnaires, which contained a wide range of data such as
sociodemographics, family structure, health, biomarkers, health
use, and expenditure. The CHARLS team carried out the baseline
survey in 2011, which recruited ∼17,000 participants, and held
follow-up surveys biennially in 2013, 2015, and 2018.

In this study, we limited the sample to older adults aged
adults 60 years or above in 2011 (N = 7,423) and included only
the previous two waves of the survey due to the lack of key
variables used for constructing frailty in the two latter waves.
After excluding participants who did not complete the follow-up
survey in 2013 (N = 1,233) or reported missing information on
the study variables (N = 2,913), a final sample of 3,277 subjects
were eligible for analysis in this study, and study variables for
each participant were repeatedly measured at every available time
point in both 2011 and 2013. The number of missing values was

Frontiers in Public Health | www.frontiersin.org 2 September 2021 | Volume 9 | Article 718910

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Fan et al. Catastrophic Health Expenditure and Frailty

primarily due to incomplete frailty assessment, which was not
unanticipated because the question about the frailty component
of inactivity was originally designed in CHARLS protocol to be
administered in only a random subsample of half of the study
participants. The CHARLS protocol was approved by the Ethics
Review Committee of Peking University (No.: IRB00001052-
11015), and all participants provided written informed consent
at the time of enrollment.

Measurements
Frailty
Frailty was measured following the Fried frailty phenotype (FP)
scale, a tool that had been rigorously validated previously, in
which five items were assessed: slowness, weakness, exhaustion,
inactivity, and shrinking (9, 14, 21). Slowness was defined if
gait speed, measured using the average of two trials of walk
tests over a 2.5m course, was at or below the 20th percentile
of the gender- and height-adjusted population distribution. The
criteria for weakness were met when the maximum handgrip
strength was below or equal to the 20th percentile of the
population distribution, after adjusting for gender and bodymass
index (BMI). Exhaustion was defined when the answer to the
two questions from the modified Centre for Epidemiological
Studies-Depression (CES-D) scale (“I could not get going,” “I felt
everything I did was an effort”) was “occasionally or a moderate
amount of the time” or “most of the time.” Participants met
the criteria for inactivity if they answered “no” to the question
of “during a usual week, did you walk for at least 10min
continuously?” Respondentsmet the shrinking criteria when they
currently had a BMI ≤ of 18.5 kg/m2 or self-reported loss of at
least 5 kg in the previous year. Frailty was treated asmissing if two
or more frailty components were unavailable for each individual.
We classified participants into different frailty levels according
to previous literature (9, 14, 21), in which individuals fulfilling
none of the five criteria were considered as “non-frail,” one or
two criteria as “prefrail,” and three or more criteria as “frail.”

Catastrophic Health Expenditure
Catastrophic health expenditure was defined when OOP
payment for healthcare was matched or exceeded a specified
proportion of the capacity of the household to pay (4). In this
study, we defined CHE as “yes” if OOP health spending was
equal to or higher than 40% of the total non-food expenditure of
households, in accordance withmost previous studies to facilitate
comparisons (2, 22). The numerator was OOP healthcare
expenditure, which was calculated by summing up the self-
reported medical OOP expenditure of respondents and their
spouses on outpatient and inpatient care in the last year. In
this study, annual outpatient OOP expenditure was evaluated by
multiplying the self-reported monthly OOP outpatient payments
by 12 to get the whole-year estimate, and annual inpatient OOP
expenditure was assessed by self-report of participants of OOP
payments for inpatient visits in the past year. The denominator
was the total annual non-food expenditure of the household as
a proxy for capacity to pay, which was obtained by deducting
the annual food-based spending of the household from the total
annual consumption expenditure. CHE was a binary variable,

indicating whether or not the household of the participant had
catastrophic healthcare spending.

Covariates
The following variables were considered as potential covariates
in this study: age, gender, place of residence (rural and
urban), educational attainment (no former education or illiterate,
literate but did not finish primary school, primary school,
and middle school and above), marital status (married and
others), annual household income per capita in quartiles, social
health insurance (none, New Rural Cooperative Medical Scheme,
Urban Employee Basic Medical Insurance, Urban Resident
Basic Medical Insurance, and others), smoking behavior (never
smoked, former smoker, and current smoker), drinking habit
(never drunk, drink but less than one time per month, and drink
more than one time per month), and physical comorbidity with
the presence of two or more noncommunicable chronic diseases
(no and yes).

Statistical Analysis
All statistical analyses were performed using STATA software
version 16.0 (StataCorp, College Station, TX). Two-tailed p
< 0.05 were considered statistically significant. The baseline
characteristics of study participants according to frailty status
were descriptively summarized with numbers and percentages
and were statistically compared using the χ

2-test. CHE incidence
was calculated as the percentage of individuals incurring
CHE during a certain period. McNemar’s Chi-square test was
conducted to compare the CHE incidence between 2 years in the
total sample, and the Chi-square test for independent samples
was carried out to examine whether CHE incidence differed by
frailty status in each year.

To take the correlated data into account, a panel data approach
of mixed-effects logistic regression models was performed to
explore the longitudinal effect of frailty on CHE, and the
results were expressed as odds ratio (OR) and 95% CI. Five
models were hierarchically conducted to account for the potential
confounding. Model 1, a crude model without adjustment for
any covariates; Model 2, adjusting for covariates including
age and gender; Model 3, additionally adjusting for residence,
education, marital status, income, and health insurance; Model
4, additionally adjusting for smoking, and drinking; and Model
5, additionally adjusting for physical comorbidity. We further
conducted subgroup analyses stratified by major socioeconomic-
related factors including gender, place of residence, educational
attainment, household income level, and social health insurance,
using the same mixed-effects logistic regression but with the
stratification variable removed from the model. The likelihood-
ratio test was used to explore whether the interaction effect
was significant.

Sensitivity analyses were undertaken by using different
thresholds for classifying CHE according to the definitions of
WHO andWorld Bank (4). CHE was defined in alternative ways,
i.e., if OOP healthcare expenditure matched or exceeded 10 and
25% of the total household consumption expenditure, and 25%
of the total non-food household consumption expenditure (4).
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RESULTS

Baseline Sample Characteristics
The study participants had a mean (SD) age of 66.95 (5.67) years
and 52.33% of them were men. Table 1 shows their baseline
characteristics according to frailty status. The participants with
older age, rural residence, no health insurance, less education,
non-married status, more deprived household, and physical
comorbidity were relatively more susceptible to frailty (all p
< 0.05). The frailty status between men and women was not
found significantly different in our sample, and thus were
the individuals with different smoking or drinking behaviors
(all p > 0.05).

Figure 1 presents the incidence of CHE in the total sample and
according to frailty status from 2011 to 2013. The CHE incidence
among community-dwelling older adults in China was 21.76%
in 2011 and increased to 26.46% in 2013. More specifically,
the CHE incidence equaled 31.52, 23.66, and 19.58% in 2011
for frail, prefrail, and non-frail individuals, respectively, and it
was 32.69, 28.75, and 24.01% in 2013 for frail, prefrail, and
non-frail individuals, respectively. Prefrail and frail adults had a
significantly higher CHE incidence than those who were robust
in both 2011 and 2013 (p < 0.05).

Longitudinal Relationship Between Frailty
and CHE
Results for the longitudinal association between frailty and
CHE among community-dwelling Chinese older adults are
displayed in Table 2. When we examined frailty as a continuous
variable, every one-component increase in frailty was found to
significantly increase the risk for CHE in all models adjusting
for covariates hierarchically (crude model: OR = 1.23, 95% CI =
1.13–1.34; fully-adjustedmodel: OR= 1.21, 95%CI= 1.11–1.32).
Compared with non-frail individuals, prefrail or frail adults were
associated with higher odds for CHE after controlling for age,
gender, residence, education, marriage, income, health insurance,
smoking, drinking, and comorbidity (prefrail: OR = 1.32, 95%
CI = 1.14–1.52; frail: OR = 1.67, 95% CI = 1.13–2.47). Besides,
we observed that three frailty components including weakness,
exhaustion, and shrinking contributed to significantly increased
likelihood of CHE (weakness: OR = 1.36, 95% CI = 1.14–
1.63; exhaustion: OR = 1.60, 95% CI = 1.25–2.04; shrinking:
OR = 1.29, 95% CI = 1.08–1.55) after controlling for the full
list of predefined confounders, while the other two components
including slowness and inactivity showed non-significant effect
(slowness: OR= 1.08, 95% CI= 0.90–1.30; inactivity: OR= 1.03,
95% CI = 0.78–1.37). The above results remained all similar in
models with adjustment for fewer covariates.

Stratification Analyses
We further conducted stratification analyses to examine whether
the effect of a one-component increase in frailty on CHE was
varied by different socioeconomic-related subgroups, and the
results are illustrated in Figure 2. The forest plot indicated
that a one-component increase in frailty was associated with a
higher likelihood for CHE after adjusting for the aforementioned
covariates, and such a pattern of effect was similarly observed

across different subgroups with varied gender, place of residence,
educational attainment, household income level, and social
health insurance (Figure 2). Results from the likelihood-ratio
test supported that the interaction effect was all non-significant,
indicating that the effect of frailty on CHE was comparable
irrespective of gender, residence, education, household income,
and health insurance (all p for interaction > 0.05).

Sensitivity Analysis
Sensitivity analyses were carried out to test the robustness of
our results, by using the different thresholds for classifying CHE
(Table 3). The results were all consistent with the main findings
when we defined CHE as≥ 25% of the total non-food household
expenditure,≥ 10 and≥ 25% of the total household expenditure.

DISCUSSIONS

To our knowledge, this is the first attempt to investigate the
longitudinal association of frailty with CHE among older people.
The major strength of our study includes the cohort study
design that enables us to examine the temporal relationship, its
relatively large sample size from a nationwide community-based
population, and the exploration into a topic that is not adequately
addressed. In our sample, the incidence of CHE at the 40%
threshold among community-dwelling older adults was 21.76%
in 2011 and increased to 26.46% in 2013. The increasing trend of
CHE prevalence was similarly observed in other Chinese studies,
which may be partly explained by the rising OOP healthcare
costs over time along with the absence of effective measures to
cut down expenditures or share financial risks for individuals
(3, 23). Several important findings are drawn from this study
as follows.

The main finding of our study is that frailty appears to
predict increased risk for CHE among community-dwelling
older adults in China, suggesting the substantial burden from
frailty on affecting the overall quality of household living
standards. The majority of previous literature showed consistent
findings suggesting that health disorders, such as chronic
diseases (2, 24, 25), cancer (26), disability (27, 28), injuries
(29), and depression (30), were associated with healthcare-
related financial catastrophe, even though they rarely studied the
impact from frailty. Only two studies were identified in terms
of the association between CHE and frailty, which yet yielded
inconclusive results (18, 19). That is, one study conducted by
Jing et al. (18) demonstrated that the co-occurrence of frailty
increased the risk of incurring CHE based on a sample of
606 single empty-nest elderly with multimorbidity (18), while
another study from Gao et al. (19) suggested that frailty was
not significantly associated with CHE among 5,204 community-
dwelling adults aged at least 60 years (19). Both studies were,
however, limited in their cross-sectional study design that failed
to determine the chronological sequence of events, so the present
study was advantageous by adopting a panel data analysis that
could lead to more convincing results. The discrepancies in the
observed association between frailty and CHE may be owing
to the variations in the studied population, study design, and
sample size across studies. Our finding that frailty could be
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TABLE 1 | Baseline characteristics of study participants according to frailty status.

Characteristics Overall (n = 3,277) No. (%) of participants by frailty status p-valuea

Non-frail (n = 1,706) Pre-frail (n = 1,479) Frail (n = 92)

Age <0.001

60–64 1,392 (42.48) 819 (48.01) 555 (37.53) 18 (19.57)

65–69 922 (28.14) 500 (29.31) 396 (26.77) 26 (28.26)

70–74 570 (17.39) 261 (15.30) 284 (19.20) 25 (27.17)

75–79 299 (9.12) 103 (6.04) 183 (12.37) 13 (14.13)

≥80 94 (2.87) 23 (1.35) 61 (4.12) 10 (10.87)

Gender 0.846

Male 1,715 (52.33) 886 (51.93) 782 (52.87) 47 (51.09)

Female 1,562 (47.67) 820 (48.07) 697 (47.13) 45 (48.91)

Residence <0.001

Rural 2,656 (81.05) 1,327 (77.78) 1,246 (84.25) 83 (90.22)

Urban 621 (18.95) 379 (22.22) 233 (15.75) 9 (9.78)

Educational attainment <0.001

No formal education or illiterate 1,113 (33.96) 514 (30.13) 557 (37.66) 42 (45.65)

Literate but did not finish primary school 716 (21.85) 377 (22.10) 320 (21.64) 19 (20.65)

Primary school 880 (26.85) 486 (28.49) 374 (25.29) 20 (21.74)

Middle school and above 568 (17.33) 329 (19.28) 228 (15.42) 11 (11.96)

Marital status <0.001

Married 2,669 (81.45) 1,433 (84.00) 1,170 (79.11) 66 (71.74)

Others 608 (18.55) 273 (16.00) 309 (20.89) 26 (28.26)

Household income per capita <0.001

Quartile 1 (deprived) 857 (26.15) 369 (21.63) 450 (30.43) 38 (41.30)

Quartile 2 877 (26.76) 441 (25.85) 409 (27.65) 27 (29.35)

Quartile 3 859 (26.21) 473 (27.73) 368 (24.88) 18 (19.57)

Quartile 4 (affluent) 684 (20.87) 423 (24.79) 252 (17.04) 9 (9.78)

Health insurance <0.001

None 174 (5.31) 90 (5.26) 77 (5.21) 7 (7.61)

New rural cooperative medical scheme 2,542 (77.57) 1,276 (74.79) 1,186 (80.19) 80 (86.96)

Urban employee basic medical insurance 294 (8.97) 187 (10.96) 105 (7.10) 2 (2.17)

Urban resident basic medical insurance 164 (5.00) 94 (5.51) 68 (4.60) 2 (2.17)

Other insurances 103 (3.14) 59 (3.46) 43 (2.91) 1 (1.09)

Smoking 0.371

Never 1,841 (56.18) 982 (57.56) 814 (55.04) 45 (48.91)

Former 370 (11.29) 186 (10.90) 172 (11.63) 12 (13.04)

Current 1,066 (32.53) 538 (31.54) 493 (33.33) 35 (38.04)

Drinking 0.060

Never 2,253 (68.75) 1,142 (66.94) 1,043 (70.52) 68 (73.91)

Drink but less than once per month 201 (6.13) 113 (6.62) 80 (5.41) 8 (8.70)

Drink more than once per month 823 (25.11) 451 (26.44) 356 (24.07) 16 (17.39)

Physical comorbidity <0.001

No 1,900 (57.98) 1,047 (61.37) 808 (54.63) 45 (48.91)

Yes 1,377 (42.02) 659 (38.63) 671 (45.37) 47 (51.09)

ap-values were calculated from chi-square test for categorical variables.

a catastrophic condition is unsurprising given the following
speculations: first, frailty is often associated with health decline
and productivity loss, resulting in an inability to earn income
(11, 12, 18); second, frail individuals are often found to incur
higher medical expenditure due to more intensive health service
use and heavier dependency on continuing care following the

hospital discharge, which could eventually increase the likelihood
of suffering from CHE (14–17).

Among the five FP components, the onset of weakness,
exhaustion, and shrinking were found to be associated with
CHE in this study, whereas slowness and inactivity were not
significantly related to CHE. Our finding adds to the existing
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FIGURE 1 | Incidence of catastrophic health expenditure (CHE) among Chinese community-dwelling older adults from 2011 to 2013, in the total sample and by frailty

status. p-values were calculated from McNemar’s Chi-square test to examine whether CHE incidence differed between 2 years in the total sample, or Chi-square test

for independent samples to examine whether CHE incidence differed by frailty status in each year. (A) CHE incidence in total sample. (B) CHE incidence in particiants

according to frailty status.

TABLE 2 | Longitudinal association between frailty and catastrophic health expenditure (CHE) in community-dwelling Chinese older adults (N = 3,277).

Variables Catastrophic health expenditure, OR (95%CI)

Model 1a Model 2b Model 3c Model 4d Model 5e

Every one-component increase in frailty 1.23 (1.13–1.34)*** 1.23 (1.13–1.34)*** 1.26 (1.15–1.37)*** 1.25 (1.14–1.36)*** 1.21 (1.11–1.32)***

Frailty phenotype

Non-frail 1.00 1.00 1.00 1.00 1.00

Pre-frail 1.35 (1.17–1.55)*** 1.34 (1.17–1.55)*** 1.38 (1.20–1.59)*** 1.36 (1.18–1.57)*** 1.32 (1.14–1.52)***

Frail 1.75 (1.20–2.57)** 1.73 (1.18–2.55)** 1.83 (1.24–2.70)** 1.78 (1.21–2.64)** 1.67 (1.13–2.47)**

Frailty phenotype components

Slowness (ref: no slowness) 1.10 (0.92–1.32) 1.09 (0.91–1.31) 1.13 (0.94–1.36) 1.12 (0.93–1.34) 1.08 (0.90–1.30)

Weakness (ref: no weakness) 1.40 (1.17–1.67)*** 1.39 (1.16–1.67)*** 1.44 (1.20–1.73)*** 1.41 (1.18–1.69)*** 1.36 (1.14–1.63)***

Exhaustion (ref: no exhaustion) 1.55 (1.21–1.98)*** 1.55 (1.21–1.98)*** 1.72 (1.34–2.20)*** 1.70 (1.33–2.18)*** 1.60 (1.25–2.04)***

Inactivity (ref: no inactivity) 1.06 (0.80–1.40) 1.05 (0.79–1.39) 1.02 (0.76–1.35) 1.02 (0.76–1.35) 1.03 (0.78–1.37)

Shrinking (ref: no shrinking) 1.35 (1.13–1.62)** 1.34 (1.12–1.61)** 1.31 (1.09–1.57)** 1.32 (1.10–1.59)** 1.29 (1.08–1.55)**

aModel 1 was a crude model without adjustment for any covariates.
bModel 2 was adjusted for covariates including age and gender.
cModel 3 was adjusted for covariates including age, gender, residence, education, marital status, income, and health insurance.
dModel 4 was adjusted for covariates including age, gender, residence, education, marital status, income, health insurance, smoking, and drinking.
eModel 5 was adjusted for covariates including age, gender, residence, education, marital status, income, health insurance, smoking, drinking, and physical comorbidity.

**p < 0.01, ***p < 0.001; OR, odds ratio; CI, confidence interval.

literature by comprehensively ascertaining the influence of each
frailty component on CHE for the first time. Despite the lack of
available research investigating the impacts of FP components on
CHE, accumulating evidence has attempted to figure out their
relationships with healthcare costs (31–33). For example, a cross-
sectional study among 2,598 older participants from Germany

showed that only weight loss and exhaustion were significantly
associated with total healthcare costs (31). Another longitudinal
study in Germany indicated that the onset of exhaustion was
the only symptom associated with an increase in total healthcare
costs (32). Ensrud et al. (33, 34) conducted cohort studies among
older women and men separately in the United States and
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FIGURE 2 | Forest plot depicting the longitudinal association between every one-component increase in frailty and CHE across different socioeconomic-related

subgroups. All models were adjusted for the predefined full list of covariates (i.e., age, gender, residence, education, marital status, income, health insurance,

smoking, drinking, and physical comorbidity) except the stratification variable. p for interaction (pinteraction) was examined using the likelihood-ratio test. OR, odds ratio;

CI, confidence interval; *p < 0.05, **p < 0.01, ***p < 0.001.

observed that each frailty component was associated with higher
total costs (33, 34). The findings are still scarce and inconsistent
so that further attention is necessary to improve the identification
of high-risk older adults through frailty symptom assessment.

This study additionally demonstrated that the relationship
between an increasing level of frailty and CHE remained
consistent irrespective of socioeconomic-related differences with
regard to gender, residence, education, household income, and
health insurance. This contrasted with one previous research (18)
suggesting that frail people with poor economic status were more
likely to incur CHE than those with higher economic status, but
their study population was limited to single empty-nest elderly
with multimorbidity in one province of rural China. However,
another research investigating physical multimorbidity and CHE
revealed similar findings as in this study, indicating that the effect
of comorbidity on CHE persisted among different household
economic levels and across all health insurance programs (2).
Other prior studies have only examined the disparities in
healthcare utilization or costs associated with frailty rather than
CHE, and their results were also controversial (14, 35, 36). For
instance, some studies found gender interaction in inpatient use
(36) or outpatient payment (35), whereas other studies identified

no gender interaction in healthcare use (14) or total healthcare
payment (35). Overall, the moderation effect of socioeconomic-
related factors is not yet well-understood to date, warranting
further large-scale and longitudinal investigations.

Findings from the present study have important practical
implications. Frailty is increasingly prevalent and has emerged
as an independent risk factor for healthcare-related financial
catastrophe among community-dwelling older adults, indicating
that early screening or assessment of frailty in the community
setting may assist with identifying the targeted population at
high risk of being reduced to poverty by healthcare costs.
Policy-makers, clinicians, or public health authorities shall raise
awareness about the increasing burden that frailty will pose
on the healthcare system as well as the substantial benefit that
proactive efforts to address frailty will bring to alleviate economic
burden or inequalities among older individuals. Older people
themselves should also be empowered with adequate knowledge
and skills to prevent or reverse frailty, such as the capacity
in detecting early warning signs of frailty and responsibility in
modifying their unhealthy lifestyles.

Several limitations should also be taken into consideration.
First, our measurement of CHE considered only the incurred
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TABLE 3 | Longitudinal association between frailty and catastrophic health expenditure with different thresholds (N = 3,277).

Variables Catastrophic health expenditure with different thresholds, OR (95%CI)

Threshold 1:

≥25% of households’ total

non–food expenditure

Threshold 2:

≥25% of households’ total

expenditure

Threshold 3:

≥10% of households’ total

expenditure

Model 1a Model 2b Model 1a Model 2b Model 1a Model 2b

Every one–component increase in

frailty

1.25 (1.15–1.36)*** 1.24 (1.14–1.35)*** 1.29 (1.18–1.40)*** 1.27 (1.16–1.38)*** 1.27 (1.17–1.38)*** 1.26 (1.16–1.37)***

Frailty phenotype

Non–frail 1.00 1.00 1.00 1.00 1.00 1.00

Pre–frail 1.35 (1.18–1.55)*** 1.33 (1.16–1.53)*** 1.43 (1.24–1.66)*** 1.40 (1.20–1.62)*** 1.43 (1.24–1.64)*** 1.40 (1.22–1.61)***

Frail 1.79 (1.22–2.63)** 1.75 (1.19–2.57)** 2.09 (1.42–3.08)*** 2.01 (1.36–2.97)*** 1.69 (1.14–2.48)** 1.66 (1.13–2.45)*

Frailty phenotype components

Slowness (ref: no slowness) 1.08 (0.90–1.29) 1.06 (0.89–1.27) 1.14 (0.95–1.38) 1.13 (0.93–1.36) 1.16 (0.97–1.38) 1.14 (0.96–1.37)

Weakness (ref: no weakness) 1.39 (1.17–1.67)*** 1.37 (1.14–1.63)*** 1.50 (1.25–1.81)*** 1.46 (1.21–1.75)*** 1.40 (1.17–1.68)*** 1.37 (1.15–1.64)***

Exhaustion (ref: no exhaustion) 1.66 (1.30–2.12)*** 1.72 (1.34–2.19)*** 1.65 (1.29–2.11)*** 1.69 (1.31–2.16)*** 1.61 (1.26–2.05)*** 1.67 (1.30–2.13)***

Inactivity (ref: no inactivity) 1.12 (0.84–1.48) 1.11 (0.83–1.48) 1.08 (0.80–1.46) 1.06 (0.78–1.44) 1.09 (0.82–1.45) 1.08 (0.81–1.44)

Shrinking (ref: no shrinking) 1.37 (1.14–1.64)*** 1.33 (1.11–1.59)** 1.39 (1.15–1.68)*** 1.34 (1.11–1.62)** 1.41 (1.18–1.69)*** 1.38 (1.15–1.65)***

aModel 1 was adjusted for covariates including age and gender.
bModel 2 was adjusted for covariates including age, gender, residence, education, marital status, income, health insurance, smoking, drinking, and physical comorbidity.

*p < 0.05, **p < 0.01, ***p < 0.001; OR, odds ratio; CI, confidence interval.

outpatient and inpatient health costs. There could be healthcare
spending from other sources that are not examined, so that
the actual rate of CHE may be underestimated. Second, this
study collected the key information via self-report instead of
using clinical or objective measures, thus the results could
be affected by recall bias. Third, due to the unavailability of
whole-year data regarding outpatient expenditure, this study
extrapolated monthly costs to the entire year instead to obtain
the estimation of annual spending. This approach was yet
not precise, and interpretation of the results would thus
require caution.

CONCLUSION

In conclusion, frailty is found to be a significant predictor for
CHE among the community-dwelling older adults in China,
and such effect remains similar irrespective of socioeconomic-
related factors including gender, residence, education, household
income, and health insurance. This study sheds light on the
financial catastrophe associated with the increasingly recognized
public health priority of frailty.We provide scientific evidence for
policy-makers to develop cost-effective strategies for community-
based early prevention and management of frailty among the
older population, as well as to improve the health insurance
scheme and healthcare financing system to further facilitate more
accessible and affordable health services.
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