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Abstract: Background: As a result of the increase in older people covered by long-term care insurance
(LTCI), prevention of sarcopenia and maintenance and improvement of health-related quality of life
(HRQOL) have become important themes. This study aimed to clarify both the differences in HRQOL
in older people with and without sarcopenia covered by LTCI and the correlation between HRQOL
and physical function. Methods: Participants were 101 older people with LTCI at a daycare center in
Japan. We investigated clinical factors using the EuroQol five-dimension three-level questionnaire
(EQ-5D-3L). Analysis was by unpaired t-test, Mann–Whitney U test, chi-square test, analysis of
covariance, Pearson’s correlation coefficient, and Spearman’s rank correlation coefficient. Results:
Compared to the no sarcopenia group (n = 40), the sarcopenia group (n = 24) had significantly
lower body mass index, skeletal muscle mass index, gait speed, EQ-5D-3L, and adjusted EQ-5D-3L
(p < 0.05). The EQ-5D-3L showed a significant correlation with handgrip strength in the sarcopenia
group (p = 0.02) and significant correlations with gait speed and one-leg standing time (both, p = 0.01)
in the no sarcopenia group. Conclusion: We clarified differences in HRQOL in older people with and
without sarcopenia covered by LTCI. This information on the interrelationship between HRQOL and
physical function may help maintain and improve HRQOL in these people.

Keywords: quality of life; sarcopenia; long-term care insurance; older people; physical function;
handgrip strength; one-leg standing time; gait speed; daycare center; Japan

1. Introduction

The number of older people is increasing rapidly worldwide [1], and Japan, in par-
ticular, is the most rapidly aging country globally [2]. In Japan, people over the age of
65 accounted for 28.8% of the total population in 2020 and are projected to account for ap-
proximately 40% by 2050 [2]. The Long-Term Care Insurance System (LTCI) was launched
in 2000 with the aim of socially supporting the need for long-term care and reducing the
burden on families who provide such care in Japan [3–5]. The LTCI is aimed at people aged
65 and over, and people aged 40 to 64 with specific illnesses, and certification of care is
determined on seven levels (support levels 1–2 and care levels 1–5) depending on their
needs [5]. Care levels require more care than support levels, and a higher level indicates a
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higher need for care. The number of LTCI users has tripled in 20 years, from 2.18 million in
2000 to 6.9 million in 2021, and the cost of LTCI is a serious problem [6–8].

People with LTCI have higher rates of severity and mortality than those without LTCI,
and the presence of sarcopenia is a known risk factor [9,10]. Sarcopenia is defined as the
presence of decreased skeletal muscle mass and decreased muscle strength and physical
function with aging, and diagnostic criteria have been established [11]. The prevalence of
sarcopenia is as high as 5–19% [10,12,13] in older people without LTCI and 48% in older
people with LTCI [14]. Having sarcopenia has also been shown to be associated with
fall and fracture events, decreased activities of daily living (ADL), increased mortality,
and increased costs for medical and long-term care insurance [15–17]. Moreover, older
people with LTCI who have sarcopenia are reported to have low physical activity and
are presumed to be at very high risk [18]. Therefore, it is important to evaluate and take
measures against sarcopenia to prevent its aggravation.

Maintaining a high quality of life is one of the main goals in the care of older people [19].
Health-related quality of life (HRQOL) is used to assess quality of life is associated with
physical function, psychological aspects, and falls [20]. As the number of older people
increases, their risks increase, and thus, the importance of HRQOL is also increasing [21].
In particular, efforts to improve HRQOL are attracting attention as a countermeasure to the
problems of older people with LTCI [22]. Many reports on HRQOL in older people have
revealed that it is related to physical functions such as handgrip strength and gait speed, in
addition to mental status, social and environmental factors, and prognosis [23].

However, the differences in HRQOL between those with and without sarcopenia
among older people covered by LTCI were unclear in previous studies. Furthermore, the
interrelationship between each HRQOL measure and physical function was not clear in
this particular age group. We hypothesized that among older people with LTCI, those
with sarcopenia would have lower HRQOL than those with no sarcopenia. Therefore,
the purposes of this study were to clarify both the differences in HRQOL in older people
with and without sarcopenia covered by LTCI, and the correlation between HRQOL and
physical function in those with and without sarcopenia.

Relationships Investigated by this Study

• Prevalence of sarcopenia among older people with LTCI.
• Differences in physical function and HRQOL in older people with and without sar-

copenia covered by LTCI.
• Correlation between HRQOL and physical function in older people with sarcopenia

covered by LTCI.
• Correlation between HRQOL and physical function in older people without sarcopenia

covered by LTCI.

2. Related Work
2.1. Relationship between Sarcopenia and HRQOL in Older People

A previous case-control study reported that older people with sarcopenia had lower
physical function, HRQOL, and nutritional status than those without sarcopenia [24]. In one
cross-sectional study, compared to those without sarcopenia, older males with sarcopenia
had lower income, physical function, BMI, and HRQOL, and older females with sarcopenia
had higher BMI and lower HRQOL [25]. Another cross-sectional study comparing severe
and moderate sarcopenia with non-sarcopenia groups showed that the severe and moderate
sarcopenia groups were characterized by older women, higher rates of unemployment,
lower ADL, and lower HRQOL. In addition, severe sarcopenia has been shown to be
associated with HRQOL [26]. A cohort study using sarcopenia screening tools reported
that older people at high risk for sarcopenia had lower physical performance, cognitive
function, and HRQOL than older people at low risk for sarcopenia [27]. A systematic review
of sarcopenia and HRQOL reported that sarcopenia and HRQOL are associated in the
elderly [28]. Therefore, older people with sarcopenia may be associated with lower HRQOL.



Eur. J. Investig. Health Psychol. Educ. 2022, 12 538

2.2. Sarcopenia in Older People with LTCI

A cross-sectional study comparing a sarcopenia group with a no sarcopenia group
reported low physical activity in the older people with LTCI in the sarcopenia group [18].
Low physical activity in the sarcopenia group was also reported to be associated with LTCI
utilization [29]. In addition, age and BMI are risk factors for sarcopenia in older people
with LTCI [30], and it was reported that onset of sarcopenia and low nutritional status
may increase incident disability in LTCI [10,31]. Therefore, sarcopenia in the elderly with
LTCI may be associated with low physical activity and poor nutrition, and the presence of
sarcopenia may raise the cost of LTCI due to additional incident disability. However, the
number of reviews was small, and no articles related to HRQOL in older people covered
by LTCI were found.

2.3. HRQOL in Older People with LTCI

In older people with LTCI, HRQOL is higher in women than in men, more people live
alone than with other families, and increased levels of LTCI care/support are associated
with decreased HRQOL [32]. In addition, ADL in older people with LTCI was shown to
correlate weakly with HRQOL [33]. Decreased HRQOL in older people is also associated
with LTCI use and mortality risk [34]. Thus, the HRQOL of older people with LTCI may be
associated with gender differences, number of people living together, LTCI levels, ADL,
and risk of death. However, the number of articles was extremely small, and no articles
related to sarcopenia were found that investigated the HRQOL of older people covered by
LTCI. Therefore, we need to consider HRQOL of older people with and without sarcopenia
who are covered by LTCI.

3. Materials and Methods
3.1. Study Population

In this cross-sectional study, we investigated the records of 101 consecutive older
people with LTCI who underwent rehabilitation at one daycare center in Japan from
November 2018 to June 2019. We included participants over the age of 65 who were able to
walk with or without assistive devices and excluded participants in whom skeletal muscle
mass index (SMI) could not be measured and those with severe dementia. This study
was approved by the Fukuokawajiro Rehabilitation Training College Ethics Committee
(approval No. FW-20-01), and each participant gave informed consent in writing.

3.2. Clinical Characteristics of the Participants

The participants’ characteristics were retrospectively assessed from their clinical
records by two physical therapists. Characteristics evaluated included age, sex, body
mass index (BMI), SMI, LTCI level, and comorbidities, and, as indices of HRQOL, handgrip
strength, one-leg standing time, gait speed, and EQ-5D-3L (EuroQol 5-dimension 3-level)
were used.

3.3. SMI and Physical Function Evaluation

SMI was evaluated using a multi-frequency electrical impedance meter (InBody 430,
Biospace Japan, Tokyo, Japan) [35]. We used the value obtained by dividing the skeletal
muscle mass of the left and right limbs by the square of the height. A Smedley-type hand
dynamometer (TKK5401, Takei Equipment Industry Co., Ltd., Niigata, Japan) was used to
evaluate handgrip strength [36]. We measured twice on both sides and used the maximum
value obtained. Gait speed was measured using a stopwatch and was defined as the time
required to walk 6 m at normal speed [37]. To measure one-leg standing time, we used
a stopwatch to measure the longest time each of the participants held this posture with
their eyes open. The measurement was performed twice on the left and right legs, and the
maximum value was set to 60 s [37].
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3.4. Sarcopenia

Sarcopenia was determined according to the criteria of the Asian Working Group for
Sarcopenia [11]. The criteria indicating sarcopenia are a handgrip strength of 28.0 kg or less
for males and 18.0 kg or less for females; a normal gait speed of 1.0 m/s or less; and a SMI
of 7 kg/m2 or less for males and 5.7 kg/m2 or less for females [11].

3.5. HRQOL

The Japanese version of the EQ-5D-3L was used for the HRQOL evaluation [38].
This EQ-5D-3L scale contains five dimensions that rate “mobility”, “self-care”, “usual
activities”, “pain/discomfort”, and “anxiety/depression”. Each dimension has three levels:
“no problem”, “some problem”, and “extreme problem”, and the EQ-5D-3L can distinguish
between 243 health conditions. The collected EQ-5D-3L scales were converted to a global
utility score using the Japanese version of the time trade-off value set, with a higher score
indicating better HRQOL [39].

3.6. LTCI Levels

The LTCI system in Japan was introduced to meet the demands of older people based
on a user-type social insurance system that supports independence [5]. The LTCI level
is determined by the LTCI committee in the area where the person lives. The targets are
people aged 65 years and over, and those aged 40 to 64 years with certain illnesses. This
study did not include people aged 40–64 years with LTCI. People who are independent in
ADL but need to monitor some of their ADL, such as shopping, are at support Level 1, and
those with reduced gait ability due to lower limb muscle weakness are at support Level 2.
Those who need simple care as part of their ADL are at Care Level 1. Those who need some
self-care of ADL, such as for eating, excretion, and bathing, are at care Level 2. Care Level 3
is for those who walk with assistive devices or use a wheelchair to move and require care
for many ADL. Those who use a wheelchair to move and cannot perform ADL without
care are at care Level 4. Finally, those who are bedridden, have difficulty communicating,
and cannot eat alone are at care Level 5. These LTCI levels were determined from the
participants’ clinical data by two physiotherapists.

3.7. Statistical Analysis

Regarding the notation of participant characteristics and clinical parameter values,
categorical variables are shown as a percentage and continuous variables are shown as the
mean ± SD. The Shapiro–Wilk test was used for variable normality. To compare between
two groups of participant characteristics and clinical parameters, the unpaired t-test was
used for continuous variables with a normal distribution, the Mann–Whitney U test for
continuous variables without a normal distribution, and the chi-square test for categorical
variables. The mathematical expression of each statistical method is as the follows.

• Unpaired t-test:

t = M1−M2√
n1a2

1+n2a2
2

n1+n2−2

(
1

n1
+ 1

n2

) d f = n1 + n2 − 2

n = sample size, a2 = variance, M = average

• Mann–Whitney U test:

U = min
(

R1 − n1(n1+1)
2 , R2 − n2(n2+1)

2

)
E[U] = n1n2

2

a[U] =
√

n1n2(n1+n2+1)
12 z = U−E[U]√

a[U]

n = sample size, R = Sum o f ranks, a = variance
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• Chi-square test:

χ2 = ∑
(observed− expected)2

expected

Analysis of covariance was used to compare the differences in HRQOL between
the two groups. The covariates used were variables that showed a significant difference
between the two groups, age, and sex, excluding factors related to sarcopenia criteria. The
analysis of covariance was calculated as:

yij = µ + τi + slope
(
xij − x

)
+ εij

µ = total average o f outcomes, τ = e f f ect o f f actors, ε = error

Pearson’s correlation coefficient and Spearman’s rank correlation coefficient were used
to determine the correlation between HRQOL and body composition and physical function
in each of the sarcopenia and no sarcopenia groups. The mathematical expression for Pear-
son’s correlation coefficient and Spearman’s rank correlation coefficient were, respectively:

=
∑n

i=1(xi − x)(yi − y)√
∑n

i=1(xi − x)2
√

∑n
i=1(y1 − y)2

n = sample size

and:

r = 1− 6 ∑ d2

N3−N .

N = number o f x and y pairs, d = di f f erence in rank between x and y values

The correlation coefficient was interpreted as follows: <0.2 indicated “no correlation”,
0.2 to 0.4 “low correlation”, 0.4 to 0.7 “moderate correlation”, 0.7 to 0.9 “high correlation”,
and 0.9 or more “very high correlation” [40]. A p-value of <0.05 was considered to indicate
statistical significance. Statistical analyses were performed with IBM SPSS 25.0 J statistical
software (IBM SPSS Japan, Inc., Tokyo, Japan).

4. Results
4.1. Participant Flow

Figure 1 shows the flow of participants in this study. The study initially included
88 of 101 consecutive older people with LTCI who underwent rehabilitation and met the
inclusion criteria. We excluded 20 older people in whom SMI could not be measured and
four older people with severe dementia. The remaining 64 older people were divided into
the sarcopenia group (n = 24) and no sarcopenia group (n = 40).

4.2. Clinical Characteristics

Table 1 shows the characteristics of the older people with LTCI in the two groups.
Compared to those in the no sarcopenia group, the older people in the sarcopenia group
had significantly lower BMI, SMI, gait speed, and EQ-5D-3L (p < 0.05) (Figure 2).

4.3. HRQOL after Adjustment in the Two Groups

After adjusting for BMI, age, and sex, the sarcopenia group showed a significantly
lower EQ-5D-3L (0.72 ± 0.01 vs. 0.78 ± 0.01, F = 14.7, p < 0.001) than that in the no
sarcopenia group.



Eur. J. Investig. Health Psychol. Educ. 2022, 12 541

4.4. Correlation with HRQOL in the Two Groups

In the sarcopenia group, the EQ-5D-3L showed a significant correlation with handgrip
strength (p = 0.02) and a moderate correlation coefficient. In the no sarcopenia group, the
EQ-5D-3L showed a significant correlation with both gait speed (p = 0.01), with a moderate
correlation coefficient, and with one-leg standing time (p = 0.01), but with a low correlation
coefficient (Figure 3).

Figure 1. Participant flow. LTCI, long-term care insurance; SMI, skeletal muscle mass index.

Table 1. Characteristics of all participants and those of the sarcopenia and no sarcopenia groups.

All Participants
n = 64

Sarcopenia
n = 24

No Sarcopenia
n = 40 t, Z or χ2 Value p Value

Age, years 79.3 ± 8.8 79.4 ± 9.8 79.2 ± 8.3 −0.1 0.940

Sex, male, % 32.8 45.8 25.0 2.9 b 0.086

BMI, kg/m2 23.8 ± 3.7 21.9 ± 2.8 25.0 ± 3.8 3.4 a 0.001

SMI, kg/m2 6.2 ± 0.9 5.7 ± 0.9 6.5 ± 0.8 3.6 0.001

LTCI level, support Level
1/2/care Level 1/2/3, % 45.3/21.9/20.3/9.4/3.1 45.8/25.0/12.5/16.7/0 45.0/20.0/25.0/5.0/5.0 4.7 b 0.319

Comorbidities, %

Hypertension 68.8 70.8 67.5 0.1 b 0.781

Diabetes 21.9 29.2 17.5 1.2 b 0.274

Orthopedic disease 53.1 50.0 55.0 0.2 b 0.698
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Table 1. Cont.

All Participants
n = 64

Sarcopenia
n = 24

No Sarcopenia
n = 40 t, Z or χ2 Value p Value

Neurological disease 46.9 54.2 42.5 0.8 b 0.365

Cardiovascular disease 76.5 78.3 74.4 0.1 b 0.729

Cancer disease 10.9 8.3 12.5 0.3 b 0.605

Physical function

Handgrip strength, kg 20.8 ± 7.4 20.1 ± 6.8 21.1 ± 7.7 0.5 0.624

One-leg standing time, sec 18.3 ± 22.5 12.3 ± 18.2 22.1 ± 24.3 1.2 a 0.209

Gait speed, m/sec 0.82 ± 0.31 0.73 ± 0.19 0.87 ± 0.36 2.1 0.045

EQ-5D-3L 0.76 ± 0.06 0.73 ± 0.07 0.77 ± 0.06 2.2 a 0.024

Values are presented as mean± standard deviation or %, a: Z value, b: χ2 value. BMI, body mass index; EQ-5D-3L,
EuroQol 5-dimension 3-level questionnaire; LTCI, long-term care insurance; SMI, skeletal muscle mass index.

Figure 2. Comparison of body composition, physical function and HRQOL. BMI, body mass index;
EQ-5D-3L, EuroQol 5-dimension 3-level questionnaire; SMI, skeletal muscle mass index.
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Figure 3. Correlation between HRQOL and body composition and physical function measures.
Pearson’s correlation coefficient; a Spearman’s rank correlation coefficient. BMI, body mass index;
EQ-5D-3L, EuroQol 5-dimension 3-level questionnaire; SMI, skeletal muscle mass index.
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5. Discussion

To the best of our knowledge, this is the first report to show the difference in HRQOL
of Japanese older people with and without sarcopenia covered by LTCI. Our results showed
that older people with LTCI in the sarcopenia group had a lower HRQOL than those in the
no sarcopenia group. HRQOL in the sarcopenia group was significantly correlated with
handgrip strength (p = 0.02) and had a moderate correlation coefficient, whereas that in
the no sarcopenia group was significantly correlated with both gait speed (p = 0.01), with a
moderate correlation coefficient, and with one-leg standing time (p = 0.01), but with a low
correlation coefficient.

5.1. Differences in HRQOL Related to Sarcopenia

The prevalence of sarcopenia determined using the Asian Working Group for Sar-
copenia criteria 2019 is reported to be 5–19% among Japanese older people overall [10–13]
and 48% for older people with LTCI [14]. Our results showed a prevalence of sarcopenia
of 37.5%, which is slightly lower than that of the generalized population of older people
with LTCI in the previous study [14]. In another previous study [41], the group with
LTCI had a lower HRQOL than the group without LTCI [41]. In addition, the standard
value of EQ-5D-3L is reported to be 0.8 or higher for those over 60 years old [42]. In this
study among older people with LTCI, the value was low, i.e., less than 0.8, regardless of
whether they did or did not have sarcopenia. This result may indicate serious problems
with HRQOL in the older people with LTCI.

After adjusting for BMI, age, and sex when examining differences in HRQOL in
those with and without sarcopenia, the EQ-5D-3L in the sarcopenia group was shown to be
significantly lower than that in the no sarcopenia group. It is already known that sarcopenia
in older people is associated with poor HRQOL [26]. Longitudinal studies also report that
the presence of sarcopenia at baseline affects the long-term decline in HRQOL [43], and
some reviews report a link between sarcopenia and HRQOL in older people [28,44]. In
addition, multiple regression analysis results show that in middle-aged and older people,
sarcopenia is an independent related factor for HRQOL [45]. Therefore, the presence of
sarcopenia may be associated with low HRQOL, even in older people with LTCI.

5.2. Interrelationship with HRQOL in Those with and without Sarcopenia

The HRQOL in the sarcopenia group showed a moderately significant correlation with
handgrip strength in this study. Previous studies have shown that handgrip strength is
an indicator of prognosis, including mortality [46]. Low handgrip strength is associated
with poor HRQOL [47], and severely ill patients with poor handgrip strength have a
particularly low HRQOL [48]. In addition, the presence of sarcopenia in older people has
been reported to affect HRQOL due to reduced handgrip strength [49]. Therefore, the
decrease in HRQOL in the sarcopenia group, which is an indicator of severity, may be
related to low handgrip strength.

The HRQOL of the no sarcopenia group showed a positive correlation between gait
speed and one-leg standing time. Previous reports have shown that gait speed and bal-
ance are associated with maintaining HRQOL in older people [50,51]. Further, multiple
regression analysis has shown gait speed and balance to be associated with improved
physical HRQOL of older people [52]. Therefore, in older people with LTCI who do not
have sarcopenia, gait speed and one-leg standing time may reflect their HRQOL.
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5.3. Strengths and Limitations

Among older people with LTCI attending a daycare center in Japan, those with
sarcopenia showed significantly lower HRQOL than those without sarcopenia. A significant
correlation of HRQOL with handgrip strength was present in the sarcopenia group, whereas
in the no sarcopenia group, HRQOL correlated significantly with both gait speed, with a
moderate correlation coefficient, and with one-leg standing time, but with a low correlation
coefficient. This may be important information for preventing the deterioration of and
improving the HRQOL of older people with LTCI in both those with and without sarcopenia.
That is, when providing routine care and support to these people, measures taken to
increase handgrip strength when sarcopenia is present, and gait speed and one-leg standing
time when sarcopenia is not present, may help maintain and improve their HRQOL. In
the future, it will be important to accumulate data on the HRQOL of more participants to
better clarify the relationship between sarcopenia and HRQOL.

This study has some limitations. It was conducted in a single facility, and the sample
size is small. Therefore, it was not possible to classify and analyze the participants by sex.
Due to the cross-sectional nature of this study, the causal relationship between sarcopenia
and HRQOL could not be explained. Factors relating to sarcopenia such as nutrition,
psychological function, and cognitive function could have an effect as confounding factors,
but they were not investigated.

6. Conclusions

This study showed important differences in HRQOL in older people with and with-
out sarcopenia covered by LTCI, especially in terms of their need for care and support.
Among this study population, after adjusting for BMI, age, and sex, HRQOL was lower in
those with sarcopenia than in those without sarcopenia. Furthermore, the HRQOL of the
sarcopenia group was shown to be interrelated with handgrip strength, whereas that of
the no sarcopenia group was interrelated with gait speed and one-leg standing time. This
information may help to maintain and improve HRQOL in older people with and without
sarcopenia covered by LTCI.
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