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Abstract

Background Sarcopenia was thought to be associated with adverse outcomes and will cause lots of health expendi-
ture. But the relationship between sarcopenia and catastrophic health expenditure (CHE) had been little explored.
Here, we examined the distribution of sarcopenia in relation to medical and payment burdens.
Methods We used data from three waves of China Health and Retirement Longitudinal Study including 14 130
participants from 9077 households aged over 50 years old. Sarcopenia was operationalized according to the Asian
Working Group for Sarcopenia 2019. Medical expenditure was obtained by self-reported data, and CHE was identified
by WHO definitions. We used the negative binomial regression model and logistic mixed-effects models to examine the
associations between sarcopenia and medical and CHE.
Results A total of 14 130 participants [52.2% female, aged 60.8 (SD 9.3)] from 9077 households were included in this
study. The prevalence of sarcopenia was 19.8%, 11.9% for moderate sarcopenia, and 7.9% for severe sarcopenia,
respectively. We identified 1416 household CHE events in all three waves. Severe sarcopenia was associated with an
increase in the number of inpatient visits [incidence rate ratio 1.31, 95% confidence interval (CI): 1.03–1.66,
P = 0.03] and the risk of CHE (odds ratio: 1.04, 95% CI: 1.01–1.07, P < 0.01). We saw similar effects in health service
use of sarcopenia in different socio-economic groups. Moderate sarcopenia increased the risk of CHE in the lowest
socio-economic group (odds ratio 1.03, 95% CI: 1.01–1.06, P = 0.03) and had no statistical significance in other
groups. The association between severe sarcopenia and CHE did not attenuate after the adjustment of disease factors.
Conclusions Severe sarcopenia may increase the risk of CHE. Timely and effective intervention on moderate sarcope-
nia from severe sarcopenia will contribute to reduce the health burden.
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Background

Sarcopenia is a syndrome characterized by loss of muscle
mass and function in the elderly that reduces mobility and

raises the likelihood of adverse outcomes such as falls,
fractures, and death.1 It has been recognized as a muscle
disease with an ICD-10-MC Diagnosis Code in some
countries.2 With the aggravation of aging in the world, the
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prevalence of sarcopenia will increase rapidly. It is reported
that the prevalence of sarcopenia is 1–29% in community-
dwelling populations by different definitions and 14–33% in
residents requiring long-term care.3

The Asian Working Group for Sarcopenia 2019 consensus
(AWGS 2019) defined the sarcopenia as ‘age-related loss of
muscle mass, plus low muscle strength, and/or low physical
performance’ and specified cut-offs for each diagnostic
component.4 The presence of sarcopenia increases the risk
for hospitalization and the costs of care during
hospitalization.5

Adverse outcomes of sarcopenia require results in health
services and may increase medical costs and families’
burden.6 Accessing these services can lead to individuals
having to pay catastrophic proportions of their available
income and push many households into poverty.7

Catastrophic health expenditure (CHE) is defined as health
spending that exceeds a predefined percentage or threshold
of a household’s ability to pay for health care,8 reflecting
whether families have fallen into financially disastrous due
to health care costs.

The economic impact of non-communicable diseases and
their implications on financial stress has been an emerging
area of research for the past 10 years.9,10 Some previous
researches have studied the relationship between adverse
outcomes of sarcopenia and health expenditure.11,12 These
evidence suggest that falls and hip fractures impose high
economic costs on individuals and households. However, little
attention has been directly given to sarcopenia’s implications
for individuals, households, health systems, and the
economy. Therefore, it is necessary to measure the potential
risks of sarcopenia and CHE.

The Chinese Government has implemented the
Healthy China 2030 Plan and a series of health insurance re-
form policies to improve the health level of the residents and
minimize the financial burden.13 The China New Health Sys-
tem Reform has expanded social health insurance coverage
that 95.7% of the Chinese population were covered in
2011.14 Blueprint for integrating the urban and rural resident
schemes was announced in 2016 to improve fairness in
health insurance coverage.15 However, low levels of service
coverage for some beneficiaries and high levels of patient
cost-sharing (from out-of-pocket fees for health insurance
plans) have raised concerns about the lack of adequate finan-
cial protection for patients.16

Health and diseases also play an important role in overall
poverty alleviation by alleviating low-income families’
‘sickness poor’ and ‘poverty due to illness’ problems in
China.17,18 Preventing catastrophic health spending among
households of poverty and already out of poverty is particu-
larly important. Therefore, identifying risk factors and early
indications of CHE is necessary. We used nationally represen-
tative panel survey data to examine sarcopenia and its
association with CHE.

Methods

Study design and population

The data were obtained from the China Health and
Retirement Longitudinal Study (CHARLS), designed to collect
a nationally representative sample of Chinese aged residents.
The baseline survey was conducted in 2011, and follow-up
surveys were carried out every 2 years.19 Compared with
the Chinese population census of 2010, CHARLS was quite
similar to the Chinese national population.20

CHARLS used multistage stratified probability-proportionate-
to-size sampling and collected high-quality data via one-to-one
interviews with a structured questionnaire. At the individual
sampling level, if the selected households had more than
one individual, CHARLS randomly selected one of them as
the main interviewee and interviewed his or her spouse at
the same time. A detailed description of the objectives
and methods of CHARLS has been reported elsewhere.19

The Biomedical Ethics Review Committee of Peking Univer-
sity approved CHARLS, and the ethical approval number
was IRB00001052-11015. All participants signed written
informed consent.

Of the 24 954 participants in CHARLS, we identified 14 130
participants from 9077 households aged over 50 without loss
data for inpatient visits analysis. Health expenditure was
calculated on a household basis and some households had
more than one participant in CHARLS. Multiple participants
in one household may affect the accuracy of the final results
because this research was an analysis based on household
data. We processed the data based on the household level
to avoid the effect. In each round of follow-up, we randomly
selected one participant from all household participants as
the main participants for this research if the household had
multiple participants. After sampling, one individual per
household per survey was included in the health expenditure
analytical sample. The data used for CHE analyses included
11 387 participants from 9077 households. Meanwhile,
we identified 4509 households with 1 male and 1 female
(Figure 1).

Sarcopenia

The AWGS 2019 algorithm for identifying and diagnosing
older adults was used in this study.21 In AWGS 2019, sarcope-
nia was diagnosed when low muscle mass with low muscle
strength or low physical performance, and severe sarcopenia
was diagnosed if individuals with low muscle mass, low
muscle strength, and low physical performance.4 In this
research, we defined low muscle mass with low muscle
strength or low physical performance (sarcopenia in AWGS
2019) as moderate sarcopenia for distinction.
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We used SARC-F questionnaires for case finding recom-
mended by AWGS 2019.21 A SARC-F score ≥4 was considered
as positive.

Muscle strength
Skeletal muscle strength in this study was measured by
handgrip strength. We took the average of maximum
available values with two hands. If participants were unable
to perform grip strength measurement in both hands, the
value of the available hand was used. According to AWGS
2019, the cut-off points for low handgrip strength were
<18 kg in women and <28 kg in men.

Physical performance
Gait speed and 5-time chair stand test were used to assess
physical performance. The cut-off points were 6 m
walk <1.0 m/s for gait speed and time ≥12 s for 5-time chair
stand test. Participants who could not pass either of the tests
were considered to have low physical performance.

Skeletal muscle mass measurement
The muscle mass was estimated by the appendicular skeletal
muscle mass (ASM) using a previously validated equation in a
Chinese population22:

ASM ¼ 0:193� bodyweightþ 0:107� height
� 4:157� sex � 0:037� age � 2:631:

The body weight, height, and age were measured in
kilograms, centimetres, and years, respectively. For sex, the
value 1 was for men, and the value 2 for women. Using

dual-energy X-ray absorptiometry (DEXA) as the gold
standard, this model can well predict Chinese ASM.22

After estimating the ASM values, the muscle mass index
(SMI) was calculated using the ASM divided by the square
of the height in metres (SMI = ASM/height2). In accordance
with previous studies,23–25 the cut-off of the SMI used in
this study was based on the 20% lowest percentile of
the study population; therefore, a low muscle mass was
classified if SMI was <7.13 kg/m2 in men or <5.46 kg/m2 in
women.

In this study, we use the classification method recom-
mended by AWGS 2019.4 Participants were considered
having sarcopenia if they had low ASM and low muscle
strength and/or low physical performance. Participants were
recognized as moderate sarcopenia if they had low ASM and
low muscle strength or low physical performance and were
considered for severe sarcopenia if they had low ASM, low
muscle strength, and low physical performance.

Catastrophic health expenditure

In CHARLS, participants were asked about their use of
medical resources and their medical expenditure.
Participants’ self-reported information on how much they
paid in total and how much they paid out of pocket
(deducting the reimbursed expenses) were collected. Outpa-
tient expenses were collected during the past month and
inpatient expenses were collected during the past year.

Figure 1 Flowchart on the sample selection and exclusion. CHE, catastrophic health expenditure.
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We multiplied the monthly outpatient spending by 12 to
calculate the annual spending for each participant as
outpatient care charge. Then we summed out-of-pocket
expenses incurred by inpatients and outpatients as house-
hold annual out-of-pocket payments, which was used as the
numerator for calculating the incidence of catastrophic
health spending.

The household’s ability to pay defined the ability to pay for
health care as total household expenditure minus an amount
corresponding to spending on basic needs. In this study, we
defined it as household total expenditure minus actual food
spending and used it as the denominator.8

We created a binary variable to indicate whether the
participant’s family had catastrophic medical expenses or
not. CHE was defined as if the out-of-pocket spending on
health reached or exceeded 40% of a household’s capacity
to pay.

Covariates

This study included household and individual covariates; the
latter included socio-demographic and health status
covariates. All covariates were obtained by questionnaire
conducted during three-wave surveys except physical
anthropometry. Household covariates included the area of
residence (rural and urban) and socio-economic status.
Responders’ socio-demographic characteristics included
gender, education level (illiterate, can read and write,
primary school, junior school, and high school and above),
marital status (married, divorced or widowed, and never
married), and health insurance [no insurance, urban
employee basic medical insurance (UEBMI), urban–rural
resident medical insurance (URRMI), govern insurance, and
other insurances].

We used annual per-capita household consumption
spending as a proxy for socio-economic status and used four
socio-economic groups based on quartiles of per-capita
household consumption expenditure.

We defined four socio-economic groups according to the
quartile of per-capita household consumption expenditure
(Quartile 1, <¥2650 per person per year; Quartile 2, ¥2650
to <5730 per person per year; Quartile 3, ¥5730 to
<12 020 per person per year; and Quartile 4, ≥¥12 020 per
person per year).

Health and lifestyle covariates in this study included age,
body mass index (BMI), current smoking status (current
smokers and non-current smokers), current drinking status
(drink more than once a week and non-drinker), and
self-reported diagnosed diseases (hypertension, dyslipidemia,
diabetes, cancer, chronic lung disease, liver disease, heart
disease, stroke, kidney disease, digestive system disease,
psychiatric disease, memory-related disease, rheumatic

disease, and asthma). BMI was calculated from height and
weight measured during surveys.

Statistical analysis

Characteristics of the participants were summarized by the
sarcopenia group before and after sampling. In order to
examine the consistency of the taken-out sample with the
original sample to ensure the representative, t-tests were
applied to examine continuous variables while χ2 test was
applied to examine categorical variables.

We used negative binomial regression models to estimate
the incidence rate ratio and 95% confidence interval (CI) for
the association between the sarcopenia group and the
number of inpatient hospital visits. Poisson regression was
not applicable for the analysis because of the overdispersion
of inpatient visits. Logistic mixed-effects models were used to
evaluate the odds ratio (OR) and 95% CI for the associations
between sarcopenia and CHE in consideration of the nested
structure of the data (repeated measurements of CHE for ex-
ample). All analyses were adjusted for age, gender, education,
marital status, residence, BMI, socio-economic status, health
insurance, current smoking status, and current drinking
status.

We did subgroup analyses to explore the differential effect
in population and household individual number groups.
Participants were stratified by socio-economic status, and
the associations were examined by the same regression
model but with the socio-economic status variable removed.
We also examined the effect of different individuals in house-
holds with one male and one female by using the same
regression with separated individual variables.

Logistic mixed-effects model was used to evaluate the
association between other diseases and sarcopenia. In order
to examine the potential roles of other diseases in driving
participants into CHE, we assessed the effects of other 14
kinds of diseases by adding one disease at a time to the main
analysis. We also included an additional model examining all
kinds of diseases. Further analyses included examinations of
the association among detailed diseases subgroups by
stratifying participants into subgroups by their self-reported
disease status.

We performed a series of sensitivity analyses. Firstly, we
included all individuals in all households for analysis. Then
we excluded participants with more than 4 diseases and
more than 2 from 14 types of diseases to avoid the interfer-
ence caused by multimorbidity. Finally, we used the WHO
and World Bank’s definitions of CHE at various thresholds:
10% and 25% of the total household consumption
expenditure by WHO definitions and 25% and 40% of the
non-food household consumption expenditure by World
Bank definitions.
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All statistical analyses were conducted by the R 4.1.0 and
were based on two-sided significance of P value < 0.05.

Results

Participants’ characteristics

We identified 14 130 participants without missing data from
9077 households, among which 4537 households had only
one participant and 4540 households had one main partici-
pant and his or her spouse. We randomly selected one partic-
ipant from these households in each wave in this study.
Participants’ socio-economic and socio-demographic charac-
teristics before and after sampling were shown in Table 1.
The median age of participants before sampling was
60.8 years. A total of 6756 (47.8%) participants were male,
7374 (52.2%) were female, and 11 727 (83.0%) were married.
A total of 7650 (64.7%) were residing in rural areas and
13 192 (93.4%) had at least one kind of health insurance.
The prevalence of sarcopenia was 19.8%, among which
11.9% for moderate sarcopenia and 7.9% for severe sarcope-
nia, categorized by AWGS 2019. Statistical test results of
participants’ characteristics from multiple participant house-
holds before and after sampling were shown in Supporting
Information, Table S1.

Association between sarcopenia and annual
inpatient visits

The number of inpatient visits was increased with age and
influenced by socio-demographic factors like socio-economic
and health insurance. The average number of annual
hospitalizations visit was 0.134 in all groups, 0.143 in the
sarcopenia group, and 0.185 in the severe group. Severe
sarcopenia was associated with an increase in the number
of inpatient visits (incidence rate ratio 1.31, 95% CI:
1.03–1.66) after being adjusted by all of the covariates
(Table 2).

Association between sarcopenia and catastrophic
health expenditure

In three-wave survey of 9077 households, a total of 1416
cases of CHE were identified. At household level, households
with one sarcopenia individual (OR 1.02, 95% CI: 1.00–1.04)
and two sarcopenia individuals (OR 1.08, 95% CI: 1.04–1.11)
had higher risk of CHE than households without sarcopenia
individual(s) (Table 3).

After sampling, severe sarcopenia was associated with a
higher increase in CHEs (OR 1.04, 95% CI: 1.01–1.07,
Table S2). The effect of sarcopenia on CHEs was quite differ-

Table 2 Association between sarcopenia and inpatient visits

Variable
Incidence rate ratio

(95% CI) P value

Age, per 10 years 1.44 (1.33–1.55) <0.01
Gender
Male 1 (ref)
Female 0.86 (0.72–1.03) 0.11

Sarcopenia
Non-sarcopenia 1 (ref)
Moderate sarcopenia 1.17 (0.95–1.43) 0.13
Severe sarcopenia 1.31 (1.03–1.66) 0.03

Socio-economic group
Quartile 1 (lowest) 1 (ref)
Quartile 2 1.81 (1.41–2.32) <0.01
Quartile 3 2.11 (1.55–2.88) <0.01
Quartile 4 2.15 (1.47–3.17) <0.01

Education
Illiterate 1 (ref)
Can read and write 1.02 (0.85–1.23) 0.80
Primary school 1.03 (0.86–1.23) 0.73
Junior school 0.96 (0.79–1.16) 0.66
High school and above 0.84 (0.66–1.06) 0.15

Marital status
Married 1 (ref)
Divorced 0.69 (0.5–0.94) 0.02
Widowed 0.99 (0.81–1.21) 0.90
Never married 0.48 (0.14–1.3) 0.19

Living area
Rural 1 (ref)
Urban 0.86 (0.75–0.98) 0.02

BMI
<18.5 1 (ref)
18.5–23.9 0.82 (0.63–1.06) 0.13
24–27.9 1.01 (0.87–1.17) 0.88
≥28 1.42 (1.18–1.71) <0.01

Smoking 1.02 (0.86–1.21) 0.81
Drinking 0.55 (0.47–0.64) <0.01
Health insurances
No insurance 1 (ref)
UEBMI 1.99 (1.42–2.8) <0.01
URRMI 1.88 (1.41–2.54) <0.01
Govern insurance 2.18 (1.37–3.46) <0.01
Other insurances 1.26 (0.63–2.4) 0.49

BMI, body mass index; CI, confidence interval; UEBMI, urban em-
ployee basic medical insurance; URRMI, urban–rural resident med-
ical insurance.

Table 3 Household factors and catastrophic health expenditure

Variable Odds ratio (95% CI) P value

Living area
Rural 1 (ref)
Urban 0.97 (0.96–0.98) <0.01

Socio-economic group
Quartile 1 (lowest) 1 (ref)
Quartile 2 0.98 (0.97–1.00) 0.04
Quartile 3 0.97 (0.95–0.98) <0.01
Quartile 4 0.96 (0.94–0.97) <0.01

Household size
1 participant 1 (ref)
2 participants 0.99 (0.98–1.00) 0.29

Number of member(s) with sarcopenia
0 participant 1 (ref)
1 participant 1.02 (1.00–1.04) <0.01
2 participants 1.08 (1.04–1.11) <0.01

CI, confidence interval.

Sarcopenia and catastrophic health expenditure 1943

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 1938–1947
DOI: 10.1002/jcsm.12997



ent after being stratified by socio-economic status. Sarcope-
nia was associated with the risk of health expenditures in
the lowest and second lowest socio-economic groups and se-
vere sarcopenia was associated with the risk of health in the
first three groups. However, the effect of both sarcopenia and
severe sarcopenia on CHEs did not persist in the highest
socio-economic quartile (Figure 2, Table S3).

When we performed the subgroup analysis of households
with one male and one female, female sarcopenia individuals
contributed more to the CHEs (OR 1.06, 95% CI: 1.02–1.10) in
these households while male sarcopenia individuals showed
no statistically significance (Table S4).

Association between sarcopenia, chronic diseases,
and catastrophic health expenditure

Prevalence and association between other 14 kinds of
disease and sarcopenia were shown in Tables S5 and S6.
When the roles of other chronic diseases were assessed,
the association between sarcopenia and CHE did not attenu-
ate (Table S7). Table S8 showed the risk of CHE in different
disease subgroups. The associations between sarcopenia
and CHE only exist in cancer and chronic lung disease
subgroups, possibly because of the low prevalence of the
diseases.

Sensitivity analyses

We did several sensitivity analyses. First, we examined this
association in all individuals (without sampling), and the
association consisted of our main analyses (Table S9). We
excluded participants with physical multimorbidity to avoid
interference caused by other diseases. We found that the risk

of sarcopenia to CHE was not affected by multiple disease
factors. Then we repeated our CHE analysis using the WHO
and World Bank’s definitions at various household expendi-
ture thresholds. We found the associations between sarcope-
nia and CHEs were in line with the findings in the main
analyses at different thresholds (Tables S9 and S10).

Discussion

We exploited data from CHARLS to estimate the sarcopenia
on the risk of CHE, which is an analysis of a nationally
representative longitudinal survey of middle-aged and older
Chinese people. We found that the prevalence of sarcopenia
was 19.8%, and severe sarcopenia was associated with a
higher risk in inpatient visits and CHE.

Previous studies have studied the association between
sarcopenia and adverse health outcomes risks26,27 and the
association between these adverse outcomes and economic
burden.28–31 Our study provides new evidence on the
association between sarcopenia and the use of health
services across socio-economic groups.

We found that severe sarcopenia was associated with the
risk of inpatient visits and CHE while moderate sarcopenia
showed no significant effect on them, suggesting that the
medical demand and the risk of CHE increase with the sever-
ity of sarcopenia. Interestedly, this association appeared to be
similar between the lowest and the second highest economic
groups. Moderate sarcopenia was associated with CHE in the
lowest economic group whereas no significant statistical
significance in all other three groups. This might be because
higher income brackets have the higher economic capacity
and need to have greater absolute levels of health expendi-
tures to trigger CHE. These results suggest that people in

Figure 2 Association between sarcopenia and risk of CHE by socio-economic groups. CHE, catastrophic health expenditure; CI, confidence interval; OR,
odds ratio.
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the lower economic group are more vulnerable to overspend-
ing on health care and suffered a greater economic burden
than the richest, which means interventions on CHE related
to sarcopenia may be more beneficial to the poor. For house-
holds with couples, female individuals with sarcopenia were
associated with higher risk of CHE, suggesting that interven-
tions for females in couples may achieve greater benefits.

Recently, comprehensive intervention for geriatrics,
including sarcopenia, has gradually become a research
hotspot.32–34 Lots of intervention programmes have been
completed to help prevent sarcopenia in elderly people living
in the community,32,35 showing that sarcopenia can be
improved and its progress can be delayed. Our evidence
suggests that preventing sarcopenia from becoming severe
sarcopenia may reduce the occurrence of adverse events
and economic burden, especially for the poor. Based on those
progress, our results provided a basis for the additional
economic potential of these interventions and a potential
strategy for preventing CHE by the early identification and
intervention of sarcopenia.

Health care insurance had a limited impact on out-of-
pocket health care expenditure in this study, consisted with
previous studies on other diseases in China.36,37 Some
evidence suggested that when additional population groups
acquired coverage in formal insurance schemes, the inci-
dence of catastrophic payments did not always change.9

Our population has a high rate of insurance and the coverage
rate was 93.4%. Besides, uninsured people may tend to be
more confident about their health, and this may underesti-
mate the effectiveness of health insurance.

We found that inpatients’ visit was increased in partici-
pants with health insurance. People who have insurance
might have more intensive health care use, or the actual
health care needs of the uninsured people may be
underestimated. Different types of health insurance have
different effects. UEBMI and govern insurance reduce the risk
of CHE while other insurance schemes in China showed no
significance.

Sarcopenia is also often accompanied by other diseases
and multimorbidity.38,39 The latter is also associated with
CHE.37 We included the diseases into the model and the
association did not attenuate. In stratified analyses, however,
for most of other chronic disease patients (12 of the 14 kinds
of diseases), neither moderate sarcopenia nor severe
sarcopenia had statistical significance on CHE. This might be
because of the small number of the patients and the small
number of CHE cases among these patients. Unexpectedly,
we found some diseases (cancer, heart diseases, and
digestive system diseases) had no statistical significance with
sarcopenia. This might be because our data were obtained
from community-dwelling people and patients with severe
diseases or nursing needs were more likely to live in nursing
houses or similar institutions, which may cause fewer partic-
ipants with severe diseases in our study. We also excluded

people with more than four diseases or people with more
than two diseases in sensitivity analysis and the result
remained the same. However, the interaction between
sarcopenia, multimorbidity, and CHE needs further study in
the future.

Our study has several important strengths. First, we used
repeatedly measured data from a large representative
sample of middle and older Chinese adults. The sample
achieve a nationally representative coverage and the data
were collected through face-to-face interviews, resulting in
a high response rate and high quality. Secondly, the definition
of CHE means it would inevitably interfere from other
members of the family. We transform data to
household-based panel data by sampling and used a random
effect model to neutralize these biases. Finally, with the
development of aging, there will be more people with sarco-
penia and other aging diseases. Our findings provide new
evidence to inform the development of targeted policies
and interventions for the intervention of sarcopenia.

Our study had several limitations. Firstly, the muscle mass
was estimated by a previously validated equation in a
Chinese population instead of physical measurement.
Secondly, the economic status data of households and health
expenditure amount were self-reported by participants, and
some of them might be inaccurate. Finally, we could not
know the specific amount of expenditure caused by specific
diseases. Although we included other common chronic
conditions in analyses, the specific contribution of sarcopenia
to health expenditure is still unknown. These limitations need
to be taken into consideration in further studies.

Conclusions

We studied the association between sarcopenia and health
burden in CHARLS. Severe sarcopenia was associated with
more inpatient visits and the risk of CHE. These findings are
important as they suggest that the prevention and treatment
of sarcopenia could be targeted for reducing the growing
financial burden of health expenditure.
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