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ABSTRACT

Objective To investigate the relationship between

upper and lower limb muscle strength and the health-
related quality of life (HRQoL) of a Chinese rural, elderly
population.

Design A population-based, cross-sectional study.
Setting Miyun, Beijing, China.

Participants The participants of this study were 2083
(834 men and 1249 women) older adults from a rural
area, (average age of >60 years), living in Miyun county,
located on the outskirts of Beijing. Data were collected
between May and October 2014. Handgrip strength and
timed up and go tests (TUGT) were conducted to measure
the muscle strength of their upper and lower limbs,
respectively. The Euro Quality of Life (Euroqol) (EQ-5D)-
Visual Analogue Scale was used to evaluate participants’
HRQoL.

Results A significant association between handgrip
strength and the EQ-5D index (3=0.015 per SD, 95% Cl:
0.008 to 0.023, p<0.001) was discovered, following
adjustments. The association between handgrip strength
and the EQ-5D index in the >80 years group was found to
be stronger than that of the 6079 years group, following
adjustment (3 per SD: 0.013 vs 0.035). Similar results
were observed when comparing the non-chronic disease
group, in terms of TUGT time, against those with chronic
diseases.

Conclusions There was a significant relationship between
muscle strength (measured via handgrip strength and
TUGT time) and HRQoL (measured via EQ-5D index

and VAS score) in the Chinese rural elderly population.
Furthermore, this relationship was stronger in the older
population (aged >80 years), and in those participants
diagnosed with chronic diseases.

INTRODUCTION

Background

The proportion of people aged =60 years
is rapidly increasing internationally, and is
expected to further increase from 12% in
2013, to 21% in 2050'. China is currently
facing the additional challenge of a dramat-
ically ageing population. In 2013, there were
more than 200million elderly people living

Strengths and limitations of this study

» Only afew studies have been conducted on the asso-
ciation between muscle strength and the health-re-
lated quality of life (HRQoL) for the Chinese rural
elderly population, especially among those living in
rural areas; whereas this study used a large sample
population-based cross-sectional design in order to
research this association within this demographic.

» In addition to upper limb muscle strength, lower
limb muscle strength was also included in this study,
with the association between muscle strength and
HRQoL being analysed between different subgroups.

» Our sample may not be completely representative
of the entire Chinese rural elderly population, as
our participants resided in an area on the outskirts
of Beijing, which is under relatively high economic
conditions.

» Due to the inherent bias of cross-sectional studies,
we could not conclude if there was a causal cor-
relation between muscle strength and HRQoL in the
participants.

within China, with this number expected to
increase to 487 million by 2051.** With the
increased acceleration of the ageing process,
disabilities and a low health-related quality
of life (HRQoL) have become increasingly
prominent among the elderly population in
China. HRQoL is a comprehensive reflection
of various health-related factors, such as phys-
ical health, psychological status, degree of
independence, social relationships and envi-
ronmental factors.* HRQoL has been exten-
sively incorporated as a primary or secondary
outcome in many studies.” Previous studies
have shown that elderly individuals who
were physically active generally possessed a
higher HRQoL than those who were more
inactive,’ with others uncovering that muscle
strength was related to factors like physical
fitness, disability and mortality.”” However,
studies on the association between muscle
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strength and HRQoL are limited, with only a relative few
involving older adults in the community and using hand-
grip strength (without evaluating lower limb strength)
as a marker of muscle strength.'” " A recent study found
that the muscle strength of an individual’s lower limbs,
which may influence their balance skills, may be more
influential than handgrip strength in terms of HRQoL in
the pre-frail and frail, community-dwelling older adults
in Vienna, Austria.'’ In addition, due to differing cultural
backgrounds and the social structures from Western
countries, the relationship between muscle strength and
HRQoL may be different within a Chinese elderly popu-
lation. To our knowledge, only a relatively few studies
have been conducted on the association between muscle
strength and HRQoL for a Chinese elderly population.
As 73.7% of the Chinese elderly population live in rural
areas,” " more attention should be paid to factors influ-
encing their HRQoL.

Objectives

Thus, in this study, we aimed to investigate the character-
istics of the HRQoL of a Chinese rural elderly population,
as well as the association between muscle strength and
their overall HRQoL.

Design and methods

Study sample

A population-based cross-sectional survey was conducted
from May to October 2014, involving an elderly popula-
tion (age =60 years) who lived in Miyun county, located
on the outskirts of Beijing, as the study participants. In
2014, there were 17 towns (including 34 communities
and 330 villages) with 43318 elderly residents. There-
fore, a randomised cluster sampling method was used to
select 2 of these 17 towns (one from a set of nine towns
including both communities and village committees, and
one from eight towns including only village committees).
All households with elderly residents (n=2589) within the
two towns were selected and, from each household, one
elderly resident was randomly selected as a participant.
A total of 2397 participants (967 men and 1430 women)
completed the survey, with a response rate of 92.6%. After
excluding 314 participants with missing muscle strength
data, a total of 2083 participants (834 men and 1249
women) were included in our study.

Data regarding participants’ gender, age, occupational
status, nationality, alcohol consumption and smoking
statuses, physical activity level and chronic disease status
(including coronary heart disease (CHD), stroke and
type 2 diabetes mellitus (T2DM)) were collected by inter-
viewers and physicians trained at the People's Liberation
Army (PLA) General Hospital. In some studies, partici-
pants aged 80 years and over were referred to as ‘old-old,’
whereas those aged 6079 years were called ‘young-old’."”
In China, individuals aged 80 years and above receive an
‘old age’ allowance from the government and, therefore,
in this study we divided the age groups into those aged
60-79 and 80+ years, respectively.

Measurements

Muscle strength

Participants’ handgrip strength was used as an indicator of
their upper limb muscle strength level, and was measured
using a Jamar hand dynamometer (Sammons Preston,
Bolingbrook, Illinois, USA) by trained physicians from
the PLA General Hospital (expressed in kilograms). First,
the width of the device’s handle was adjusted to ensure
that the middle phalanx of each participant’s hand rested
on the inner handle. Thereafter, the participants were
asked to hold the dynamometer using their hands, with
their arm parallel to their body, in an upright position
(squeezing the arm against the body was not allowed).
The participants were then asked to perform three test
trials on each hand, with the best score being used for the
final analysis. The original values were recorded without
adjusting for participant’s individual sex or body mass
index (BMI).

The timed up and go test (TUGT) time of each partic-
ipant was used to measure their lower limb muscle
strength, and was conducted using an armchair and a
stopwatch,13 H by trained physicians from the PLA General
Hospital (expressed in seconds). The participants were
asked to sit on the provided armchair, with their hands on
the chair’s arms, and to stand up after hearing a password
from the physician (whereby timing began on the stop-
watch), and to walk 3m forward and back before sitting
down again (timing ends). The original values were
recorded without adjusting for sex or BMI. A shorter time
indicated better lower limb muscle strength and balance
capacity."”

Health-related quality of life

The EQ-5D-VAS'? was used in order to measure partic-
ipants’ overall HRQoL. The EQ-5D is a validated and
extensively used general health questionnaire that covers
five health domains (mobility, self-care, usual activities,
pain/discomfort and anxiety/depression). The visual
Analogue Scale (VAS) is a self-rating tool for measuring
a person’s health status using a 20 cm vertical scale (100,
at the top, indicating the best health status, and 0, at
the bottom, indicating the worst). Trained interviewers
collected the questionnaire information gained by the
EQ-5D and VAS, with the health index being calculated
using the Japanese population-based time trade-off
(TTO) model. A previous study uncovered that the Japa-
nese TTO model is, currently, the most suitable tool for
studying Chinese individuals.'®

Covariables

In this study, the chronic diseases considered included
three common illnesses found among the Chinese popu-
lation: CHD, stroke and T2DM. CHD and stroke were
defined using the WHO MONICA’s criteria,17 with T2DM
being defined via the American Diabetes Association’s
criteria.'® The participants’ statuses of CHD, stroke and
T2DM were collected by trained interviewers and physi-
cians from the PLA General Hospital. These medical
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conditions were self-reported by the respondents, and
were then verified by professional doctors who checked
their medical records.

Alcoholics were defined as regular drinkers who had
consumed alcohol for almost every day for more than
half a year. A former alcohol user was defined as an
individual who drank alcohol daily, for at least 6 months
during their lives, but who had not been engaging in this
behaviour at the time of the survey. A current smoker was
defined as an individual who regularly smoked tobacco
products, at the time of the survey. A former smoker was
defined as an individual who had smoked daily for at least
6months during their lives, but had not been using any
tobacco products at the time of the survey.'” * BMI was
calculated as follows: weight (kg)/standing height (m)?,
with participants’ weight and height being measured by
trained nurses. Physical activity levels were self-reported
and classified as follows: (1) never, (2) <5hours/week,
(3) 5=7.9hours/week and (4) =8 hours/week. This infor-
mation was collected by trained interviewers, who spoke
with the participants face to face. Educational levels were
self-reported and classified as illiterate, primary school,
middle school, college and above. Marital statuses were
classified as married, living together, single, divorced or
widowed. Finally, occupational statuses were classified
as white collar, light physical labour and hard physical
labour.

Statistical analysis

SPSS V.19.0 and R V.3.5.2 were used for the data analysis.
The significance level for all tests was set at a two-tailed o
value of 0.05. The differences in the means and propor-
tions were evaluated using Student’s t-test and a X” test,
respectively. Linear regression models were used to
identify the associations between handgrip strength/
TUGT time and the EQ-5D/VAS findings, with hand-
grip strength/TUGT time being included as continuous
variables (per unit, per 10%, and per SD). Restricted
cubic regression splines were used in order to model the
functional forms of the non-linear effects of handgrip
strength/TUGT time and EQ-5D.

Patient and public involvement
No patients were involved in this study.

RESULTS

A total of 2083 (834 men and 1249 women) elderly rural
residents were included in our study. Their average age
was 69.4+6.9 years (range: 60-95 years). The average
EQ-5D index was 0.93+0.13 (range: -0.11 to 1.00), with
the average VAS score being 74.38+14.89 (range: 0-100).
The average EQ-5D indices of the participants with and
without chronic diseases were 0.92+0.14and 0.94+0.12,
respectively. The coefficient of the EQ-5D and VAS was
0.538 for our sample (p<0.05). The general character-
istics (ie, age, sex, nationality, educational level, marital
status, occupational status, smoking status, alcohol

drinking status, chronic disease status, BMI, handgrip
strength, TUGT time and EQ-5D-VAS findings) of the
participants are shown in table 1. Compared with the
60-79-year-old group, the 280-year-old group consisted
of individuals with the following characteristics: more
physical labourers, lower educational levels, lower BMIs,
lower handgrip strengths, longer TUGT times, lower
EQ-5D indices and VAS scores (EQ-5D index: 0.94+0.12
vs 0.89+0.17and VAS score: 74.73+14.70 vs 71.61+16.10;
p<0.05). It also included fewer married individuals, fewer
people living together, fewer smokers and fewer alcohol
drinkers (table 1).

In the linear regression analysis, we observed a signifi-
cant association between participants’ handgrip strength
and their EQ-5D index (=0.015 per SD, 95% CI: 0.008
to 0.023, p<0.001), after adjusting for age, sex, nation-
ality, educational level, occupational status, marital status,
smoking status, alcohol drinking status, BMI, physical
activity level, CHD, stroke and T2DM. We also observed
a significant, negative relationship between the partici-
pants’ TUGT time and EQ-5D index following a similar
adjustment (B=-0.029 per SD, 95% CI: -0.023—0.022,
p<0.001). When handgrip strength and TUGT time were
analysed as continuous variables (per unit or per 10%),
the results remained consistent (all p<0.05, table 2).
Similar associations were observed between handgrip
strength and VAS scores, as well as between TUGT times
and VAS scores, following adjustment (table 3).

In addition, the association between handgrip strength
and EQ-5D indices in the 280year-old group was stronger,
following adjustment, than that in the 60-79year-old
group (B per SD: 0.013 vs 0.035, table 4). Similar results
were observed in the relationship between TUGT time,
EQ-5D index (B per SD: —0.026 vs —0.042, table 4) and VAS
score (supplementary table S1) . The association between
handgrip strength and EQ-5D index in those diagnosed
with chronic diseases was stronger, after adjusting for
their age, sex, nationality, educational level, occupation,
marital status, smoking status, alcohol drinking status,
BMI and physical activity level, when compared with
those without chronic diseases (§ per SD: 0.012 vs 0.022,
table 5). A similar result was observed in the relationship
between TUGT time and EQ-5D index (B per SD: -0.026
vs —0.033, table 5). Furthermore, the association between
handgrip strength and participants’ VAS scores was no
longer significant following adjustment for those without
chronic diseases, but was still significant after adjustment
in those with chronic diseases (f=1.561 per SD, 95% CI:
0.235 to 2.887, p=0.021, supplementary table S2).

There were 1553 individuals (including 1409 aged
60-79 years old and 144 aged =80 years old; 601 with
chronic diseases and 952 without) whose scores showed
no problem in any dimension of the EQ-5D (recorded as a
score of 1). We divided the sample into two groups (those
scoring 1 vs those scoring less than 1), and conducted the
logistic regression. The results demonstrated that, when
compared with individuals with lower scores, people
scoring higher for every 1 kg interval of handgrip strength
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N (%) Age group
n=2083 60-79years (n=1851)  >80years (n=232) P value

Male 834 (40.0) 735 (39.7) 99 (42.7)

Nationality 0.996

Minority nationalities 27 (1.3) 24 (1.3) 3(1.3)

llliteracy 850 (40.8) 688 (37.2) 162 (69.8)

Middle school 289 (13.9) 287 (15.5) 2(0.9)

Marital status <0.001

Single, divorced or widowed 512 (24.6) 392 (21.2) 120 (51.7)

White collar 21 (1.0) 16 (0.9) 5(2.2)

Hard physical labour 1930 (92.7) 1709 (92.3) 221 (95.3)

Never 1390 (66.7) 1239 (66.9) 151 (65.1)

Current 478 (22.9) 432 (23.3) 46 (19.8)

Never 1046 (50.2) 926 (50.0) 120 (51.7)

Current 917 (44.0) 827 (44.7) 90 (38.8)

Never 921 (44.2) 831 (44.9) 90 (38.8)

5-7.9hours/week 522 (25.1) 452 (24.4) 70 (30.2)

CHD 0.729

No 1714 (82.3) 1525 (82.4) 189 (82.4)

Yes 291 (14.0) 259 (14.0) 32 (13.8)

T2DM 0.039

No 1672 (80.3) 1474 (79.6) 198 (85.3)

BMI 24.17+3.55 24.30+3.54 23.09+3.51 <0.001
Time up and go test 12.81+7.59 12.38+7.31 16.17+8.88 <0.001
Continued

E-
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Table 1 Continued

N (%) Age group

n=2083 60-79years (n=1851) >80years (n=232) P value
EQ-5D 0.93+0.13 0.94+0.12 0.89+0.17 <0.001
VAS 74.38+14.89 74.73+14.70 71.61+£16.10 0.005

BMI, body mass index; CHD, coronary heart disease; T2DM, type 2 diabetes mellitus; VAS, Visual Analogue Scale.

had a greater chance to receive a score of 1, showing no
problem in any dimension of the EQ-5D (OR=1.017,
95% CI: 1.004 to 1.030), after adjusting for age, sex,
nationality, educational level, occupation, marital status,
smoking status, alcohol drinking status, BMI, physical
activity level, CHD, stroke and T2DM. When compared
with individuals with shorter TUTG times, those with
longer times per 1s interval possessed lower chances to
receive a score of 1 with no problem in any dimension of
the EQ-5D (OR=0.971, 95% CI: 0.958 to 0.983), following
adjustments (supplementary table S3). We conducted
the analysis for the 60-79 and >80-year-old groups, with
and without chronic diseases, respectively, and the results
were similar to the linear regression analysis (supplemen-
tary table S3).

Furthermore, in order to model the functional forms
of the non-linear effects of handgrip strength, TUGT
times and EQ-5D scores of 1, a restricted cubic regres-
sion splines in R was done, with the results shown in
figure 1. This non-linear test uncovered that the associ-
ation between handgrip strength and the OR of EQ-5D
scores of 1 was linear (p=0.7209), whereas the association
between TUGT times and the OR of EQ-5D score of 1 was
non-linear (p<0.001).

DISCUSSION
In this study, we observed a significant association between
muscle strength (measured via handgrip strength and
TUGT times) and HRQoL (measured via the EQ-5D
index and VAS scores) in a Chinese rural elderly popula-
tion. The results demonstrated that the functional forms
of handgrip strength and TUGT time were different. The
associations were stronger for the =>80-year-old group
and participants with chronic diseases, than for the
60-79-year-old group and those without chronic diseases.
Participants’ health indices were calculated using the
Japanese population-based TTO model. The health
measures of differing TTO models reflects subjective
experiences based on specific cultural and social back-
grounds and, up until now, no such model for the Chinese
population existed. However, the Japanese population
shares a similar cultural and social background with their
Chinese counterparts. In particular, when compared
against English and American TTO models, the Japanese
version has a higher separating capacity for stroke, CHD
and hypertension, as found in the 65-79year old Chinese
population.'® The coefficient of the EQ-5D and VAS

measures in our sample was 0.538, which is similar to the
fifth National Health Service Survey of China, conducted
in 2013,21 and higher than that found in the UK,22 where
such discrepancies may be due to differences in the social
culture and structure. Another previous study,” on the
HRQoL of a Chinese western rural population, indi-
cated that the VAS score was 67.2. However, the EQ-5D
index and SD of the VAS score were not reported. For
the difference due to territory, the VAS score of our study
population was higher than that of the western rural
population. Our VAS scores were similar with those of
a study conducted in an urban district (Dongcheng) in
Beijing.** This study reported that the VAS score of their
participants was 78.3+16.2 and was 70.7+16.8 for those
with chronic conditions. However, the EQ-5D index,
measured through a TTO convertible calculation, was
not reported by this study.

A study among elderly individuals with pre-diabetes’
showed that the overall HRQoL of elderly individuals
is poor in rural China, and that it is associated with
a person’s physical activity. A study conducted with a
Korean population25 showed that all types of exercises
(resistance, flexibility and walking) demonstrated higher
HRQoL scores when compared with people engaging in
no exercise at all. A previous study uncovered that, for
older people living in the Netherlands (>85 years old),*
a lower handgrip strength was a predictor of a decline
in their performance in activities around daily living and
cognition (p<0.001). A study on 65-year-old individuals
who had experienced falls?’ found that the TUGT time
was associated with recurrent falls and overall HRQoL.
The aforementioned studies suggest two possible ways
in which muscle strength could influence a person’s
HRQolL—through a decreased athletic performance and
an increased risk of falls. Similar to our results, a study on
men and women in the UK, aged 59-73 years,” found
that a lower grip strength is associated with reduced
HRQoL, after adjusting for age, size, physical activity
level and chronic conditions. In this study, we discovered
that TUGT time was also associated with the HRQoL of a
Chinese rural elderly population, following adjustment.

This study had several limitations. As the information
on the EQ-5D index was self- reported, bias caused by indi-
vidual, subjective differences cannot be fully ruled out.
However, the information was confirmed with the partic-
ipants and their relatives in order to ensure the data’s
accuracy. Second, our sample may not be completely
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Figure 1

representative of the rural elderly population in China,
as our participants resided, specifically, in a rural area on
the outskirts of Beijing, which possesses a relatively high
economic condition. Thus, care should be taken when
generalising our results to the wider population. Third,
participants’ cognitive status is an important covariate.
However, participants’ cognitive statuses, in this study,
were not collected separately, so an adjustment for this in
the models used could not be made. Fourth, the measure-
ment of physical activity used by our study was self-re-
ported, due to the limitations of the participants’ age and
investigation conditions and, as a result, we could not use
a more objective investigation tool. The TUGT was used
to test the basic mobility skills of frail elderly persons,
and the evaluation of their lower limb muscle strength
may not be accurate as a result. Fifth, the economic issue
is also an important covariable within this study, but we
could not collect the participants’ economic information
directly. However, we adjusted for their educational levels
and occupations instead, as measures of their overall
economic status.” Finally, owing to the inherent bias of
cross-sectional studies, we could not conclude if there is a
causal correlation between muscle strength and HRQoL
among the participants. The results of the study need
to be validated by a future interventional community
research study.

The results of this study suggest a significant rela-
tionship between muscle strength (measured via hand-
grip strength and TUGT time) and HRQoL (measured
via EQ-5D index and VAS score) in the Chinese rural
elderly population. The functional forms of the partici-
pants’ handgrip strength and TUGT time were different.
The relationship was stronger in the older population
(aged =80 years), and for those with chronic diseases. The

20
TUGT

30 40

Smoothed effects of the handgrip strength (A) and TUGT time (B) using restricted cubic regression splines.

HRQoL of the rural elderly population is an issue worthy
of attention and, as a result, they should be advised to
train and maintain adequate muscle strength, especially
for individuals older than 80 years, and those with chronic
diseases.
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