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Abstract:

Aims: This study aims to describe the associations of low muscle mass, handgrip (HGS) and
lower-limb muscle strength (LMS) with health-related quality of life (HRQoL) over 10 years

in community-dwelling older adults.

Methods: Participants (N=1002; 51% women; mean age 63+7.4 years) were prospectively
followed for 10 years. HRQoL was measured using the validated assessment of quality of life
(AQoL) instrument. Appendicular lean mass (ALM) was assessed using dual energy X-ray
absorptiometry and normalised to body mass index (BMI). HGS and LMS were assessed
using dynamometers. Low ALM/BMI (ALM/BMlLow), LMS (LMSLow) and HGS (HGSLow)
at baseline were defined as the lowest 20% of the sex-specific distribution for each measure.
Linear mixed effect regression models, adjusting for confounders, were used to estimate the
association between ALM/BMILow, LMSLow, and HGSLow at baseline and HRQoL over 10
years.

Results: Participants with LMSLow (B=—0.061, 95% CI: —0.089, —0.033) and women (= —
0.089, 95% CI: —0.129, —0.049) but not men (B=—0.023, 95% CI: -0.064, 0.019) with
HGSLow had clinically meaningful reductions in HRQoL over 10 years compared to those
with normal strength. There was a weaker but statistically significant association between
ALM/BMILow and 10-year HRQoL (B=—-0.038, 95% CI: —0.068, —0.008).

Conclusions: Lower-limb muscle strength and handgrip strength (in women only), which can

be easily measured in clinical practice, appear more important than muscle mass for HRQoL.

Keywords: Health-related quality of life, body composition, muscle mass, muscle strength



Introduction

Age-related decline in skeletal muscle mass and function is associated with health outcomes
such as falls risk, fracture, poor mobility and physical disability that could impact older
adults’ independence and quality of life (Balogun et al. 2017; Hairi et al. 2010; Hirani et al.
2015). However, studies examining the relationship between muscle mass and function and
health related quality of life (HRQoL) are sparse and largely cross-sectional (Woo et al.
2016). These studies showed that HRQoL, particularly the physical health domain, is lower
among older people with low muscle mass and strength (Beaudart et al. 2015; Go et al. 2013;
Manrique-Espinoza et al. 2017; Samuel et al. 2012; Sayer et al. 2006). However, it is unclear

whether cross-sectional associations track over time.

While both muscle mass and strength decrease with age, the two processes do not occur at the
same rate and may be the result of dissimilar pathophysiological processes (Clark and Manini
2008; Goodpaster et al. 2006; Rizzoli et al. 2013). Prior studies suggest that low muscle mass
and strength may have different impacts on health outcomes in older people (Balogun et al.
2017; Hairi et al. 2010; Schaap et al. 2013). Despite these differences, few long-term
prospective studies have compared the associations of low muscle mass and strength with
HRQoL in community-dwelling older adults. Indeed, clarification of the relationship between
low muscle mass and strength and HRQoL of older people may be important in the design of
interventions to improve QoL. Therefore, this prospective study aims to describe the
association of low muscle mass, handgrip and lower-limb muscle strength assessed at
baseline with HRQoL over 10 years in community-dwelling older adults. We hypothesized

that low muscle strength may be more closely related to HRQoL than muscle mass.

Data and Methods

Sample and Study Setting:



The Tasmanian Older Adult Cohort (TASOAC) study is a prospective, population-based
study primarily aimed at examining the causes and progression of osteoarthritis. Participants
aged 50 years and above were selected using a sex-stratified random sampling technique
from the electoral roll in Southern Tasmania (population 229,000). A total of 1099 adults
(response rate = 57%) consented to participate in the study. Participants were excluded if they
had any implants that would prevent them from undergoing an MRI or they were living in a
nursing home. Participants who consented to participate in the study were invited to attend a
clinic at the Menzies Institute for Medical Research, Hobart, Tasmania between March 2002
and September, 2004. They were invited for follow—up clinic assessments at 2.5, 5, and 10
years after the initial clinic assessment. The study was approved by the Southern Tasmanian
Health and Medical Research Ethics Committee and written informed consent was obtained

from all participants.

Health-related quality of life over 10 years

HRQoL was assessed at baseline, 2.5, 5 and 10 years using the Assessment of Quality of life
(AQoL-4D) questionnaire. The AQoL-4D is a validated generic questionnaire designed for
the Australian population, however, it has been used in other populations including the
United States, United Kingdom, Germany, India and Ireland (Hawthorne et al. 1999). AQoL
was developed using state of the art psychometric properties and it is sensitive to varying
health states (Hawthorne et al. 2001; Hawthorne et al. 1999). AQoL has been used in several
studies to assess the QoL of individuals with varying health conditions including
cardiovascular diseases, neurological disorders, mental health and musculoskeletal health
(Anandacoomarasamy et al. 2009; Hill et al. 2015; Spinks et al. 2014; van Offen et al. 2017).
Furthermore, the predicted utilities in AQoL are similar to those from the other generic utility

instruments including EuroQol (EQ-5D) and the Canadian Health Utilities Index (HUI)



(Hawthorne et al. 2001). Compared to the 36-item short-form survey (SF-36), AQoL appears
to be more suitable for evaluating HRQoL in epidemiologic studies involving older people,

due to its robust psychometric properties (Osborne et al. 2003).

AQoL consists of 12 items covering four dimensions and each dimension has three items.
The four dimensions and their corresponding items are: (1) independent living (self-care,
activities of daily living), (2) physical senses (sight, hearing and communication), (3) social
relationships (social isolation, relationship and family role) and (4) psychological wellbeing
(sleep, anxiety and pain). The scores for items in each domain were transformed and summed
to a life-death utility scale that ranges from 1.00 (full HRQoL) to 0.00 (death-equivalent
health state) to —0.04 (health states worse than death) (Hawthorne and Osborne 2005;
Richardson et al. 1998). The minimum important difference in AQoL score for the Australian
population is 0.06 (Hawthorne and Osborne 2005). This score provides a measure of the
smallest difference in AQoL score that is considered to be of a significant change in the

health state of Australians (Hawthorne and Osborne 2005).

Assessments of low muscle mass and strength at baseline: Lower-limb muscle strength
(LMS) was measured to the nearest kilogram simultaneously for both limbs using a
dynamometer (TTM Muscular Meter, Tokyo, Japan). Two trials were recorded and the
average of the two trials was taken as previously described (Scott et al. 2011). The intra-class
correlation coefficients of the first and second trial for lower-limb muscle strength
assessments was 0.95 (95% CI: 0.94 — 0.96). Hand grip strength (HGS) in pounds per square
inch (psi) was measured using a pneumatic handheld bulb dynamometer (North Coast™ bulb
dynamometer; adult 0-30 psi, model no. 70154). The mean of the right and left-hand grip
strength was calculated for each participant. The intra-class correlation coefficients of the
first and second trial for the hand grip strength measurements was 0.96 (95% CI: 0.92 —
0.97). Participants in the lowest 20% of the sex-specific distribution for LMS and HGS at
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baseline were classified as having low LMS (LMS_ow) and low HGS (HGSLow) (Hairi et al.

2010; Newman et al. 2003).

Body composition assessments at baseline: Whole and regional body composition of the
participants were measured using dual energy X-ray absorptiometry (DXA; Hologic Delphi,
Hologic, Waltham USA). Appendicular lean mass (ALM), in kilograms, was calculated as
the sum of lean mass in the upper and lower limbs. Weight was measured to the nearest 0.1
kilogram using electronic scales (Heine, Dover, USA) with shoes and heavy clothing
removed. Height was measured to the nearest 0.1 centimetre using Leicester stadiometer
(Invicta, Leicester, UK), with shoes, socks and headgear removed. Body mass index (BMI)
was calculated as weight (kg) divided by height (m) squared. ALM was normalized to BMI
as ALM-to-BM I ratio has been shown to be a potential criteria for identifying older adults
with clinically relevant weakness (Cawthon et al. 2014). Participants in the lowest 20% of the
sex-specific distribution for ALM/BMI at baseline were classified as having low muscle mass

(ALM/BMILow) (Hairi et al. 2010; Newman et al. 2003).

Potential confounders

Physical activity was measured over seven consecutive days using a pedometer (Omron HJ-
003 & HJ-102; Omron Healthcare, Kyoto, Japan) as previously described (Scott et al. 2011).
Age, sex, and medical history was recorded using a questionnaire. Presence of chronic
conditions was assessed by responding yes or no to the question “Have you ever been
diagnosed by a doctor as having any of the following?”” The chronic conditions listed
included: stroke, diabetes, rheumatoid arthritis, asthma, osteoporosis, cardiovascular disease
(hypertension, thrombosis, bronchitis/femphysema, or heart attack). A score was then

calculated as the total number of diagnosed chronic conditions.



Data analysis:

Means with standard deviations were used to summarize continuous variables, and
percentages with participant numbers to describe categorical variables. Linear mixed effect
regression analyses with adjustment for age at baseline, sex, self-reported pain and number of
chronic conditions were used to estimate the association between low ALM/BMI, HGS and
LMS assessed at baseline and AQoL scores over 10 years. Statistical interaction between sex
and each muscle parameter was assessed by a test of significance of a (sex x muscle mass or

function) product term. Data were analysed using Stata version 12.
Results

A total of 1002 participants with complete body composition, muscle strength and quality of
life assessments at baseline were included in the analysis. Of these, 818 (82%), 722 (72%)
and 539 (54%) respectively attended the 2.5, 5 and 10 years follow-up assessments.
Participants were lost to follow-up for reasons such as death, withdrawal of consent,
institutionalization, moving interstate or overseas and having a joint replacement (see
Supplementary Figure for more details). Participants lost to follow-up were older at baseline
(64.5+8.0 vs. 62.5+7.3, P=0.001), more commonly female (57% vs. 43% in men, P= 0.020),
had poorer baseline ALM (23.3+£5.3kg vs. 24.7+5.3kg, P<0.001), HGS (11.3+2.9psi vs.
12.2+3.1psi, P<0.001) and LMS (82.6+45.6kg vs. 95.3+49.7kg, P=0.001) than those who
completed the 10-year follow-up. No difference in baseline HRQoL (P= 0.323) was observed
between participants loss to follow-up (0.76+0.19) and those retained in the study
(0.77+0.18). Table 1 shows the baseline characteristics of the participants stratified by low
muscle mass and strength. Participants with ALM/BMILow, HGSLow and LMSow were
older, shorter, had higher levels of knee and foot pain, lower levels of physical activity and

greater number of chronic conditions compared to participants with normal muscle mass and



strength. Body weight was significantly lower in participants with low HGS and LMS
whereas it was higher in those with ALM/BMI_ow. Total body fat was significantly higher
only in participants with ALM/BMI_ow. Participants with ALM/BMI_ow had higher hip pain
and lower serum 25-hydroxyvitamin D compared to those with normal ALM/BMI, whereas
no significant difference in hip pain and serum 25-hydroxyvitamin D was observed between
participants with normal and low LMS or HGS. There were no statistical differences in sex
and smoking status between participants with low and normal ALM/BMI, LMS and HGS.
Figure 1 shows the mean predicted HRQoL scores (predictive margin) over time for
participants with low and normal ALM/BMI, LMS and HGS. Participants with
ALM/BMILow, HGSLow and LMSow consistently had a lower HRQoL over time compared

to those with normal muscle mass and strength.

The associations between low muscle mass and strength at baseline and HRQoL over 10
years are shown in Table 2. Of note, the minimal important difference in the HRQoL score
(overall health state utility) is 0.06 for the Australian population (Hawthorne and Osborne

2005).

ALM/BMIow at baseline was associated with lower HRQoL over 10years (f=—0.038, 95%
Cl: -0.068, —0.008) with no evidence of an interaction between sex and ALM/BMIow (P=
0.680). Furthermore, ALM/BMI_ow was associated with a lower independent living (= —
0.018, 95% CI: —0.032, —0.003) and psychological wellbeing (p=—-0.026, 95% CI: —0.041, —
0.011) component of HRQoL but not with social relationship (p=-0.012, 95% CI: —0.031,

0.007) or physical senses components (= —0.004, 95% CI: —0.017, 0.009) of HRQoL.

Participants with LMS_ow at baseline had a clinically meaningful and significantly lower
HRQoL over 10 years (p=—-0.061, 95% CI: —0.089, —0.033). The association between

LMSLow (p=-0.059, 95% CI: —0.087, —0.032) and HRQoL remained substantially lower



after further adjustment for ALM/BMI_ow (B=—0.035, 95% CI: —0.064, —0.006)
(Supplementary Table). There was no evidence for an interaction between sex and LMSow
(P=0.418) for HRQoL. Furthermore, all four components of HRQoL were significantly
lower in participants with LMSLow: independent living (f=—0.024, 95% CI: —0.038, —0.010),
social relationships (f=—0.018, 95% CI: —0.036, —0.0003), physical senses (p=—0.016, 95%

Cl: -0.028, —0.003) and psychological wellbeing (p=—-0.029, 95% CI. -0.044, —0.015).

The association between HGSLow at baseline and HRQoL over 10 years was modified by sex
(P=0.008), hence, the results are presented separately for men and women. For men, there
was no significant relationship between HGSLow at baseline and HRQoL or any of the four
components of HRQoL (all P>0.05). However, among women, HGSow at baseline was
significantly associated with a clinically meaningful lower level of HRQoL over 10 years (=
—0.089, 95% CI: —0.129, —0.049). Furthermore, women with HGS ow also had lower scores
for the independent living (B=—0.037, 95% CI: —0.058, —0.015), physical senses (p=-0.021,
95% CI: —0.037, —0.005), psychological wellbeing (= -0.038, 95% CI: —0.060, —0.017) but
not social relationships components of HRQoL (= -0.020, 95% CI: —0.045, 0.005). The
association between baseline HGS ow (p=—0.087, 95% CI: —0.128, —0.047) and HRQoL
over 10 years remained significant after further adjustment for ALM/BMILow, whereas the
association with ALM/BM I ow was not (p=—0.015, 95% CI: —0.056, 0.026) (Supplementary

Table).

Discussion

This is the first long-term prospective study, to our knowledge, investigating the association
between muscle mass, upper- and lower-limb muscle strength and HRQoL among
community-dwelling older adults. Participants with LMS_ow and women with HGS ow had a

clinically meaningful and significantly lower HRQoL over 10 years compared to those with



normal strength. The association between ALM/BMILow and HRQoL over 10 years was
weaker and ALM/BMI_ow did not affect the association between handgrip or lower-limb
muscle strength and HRQoL. This demonstrates that muscle strength, which is closely related
to physical performance and easy to measure in clinical practice, is a more important

predictor of long-term quality of life in community-dwelling older adults than muscle mass.

In older adults, both men and women with lower muscle mass, lower-limb muscle strength
and women but not men with lower handgrip strength at baseline had lower HRQoL over 10
years. Interestingly, a greater and more clinically meaningful difference (approaching or
exceeding 0.06) in HRQoL (Hawthorne and Osborne 2005) was observed for older adults
with LMS_ow and women with HGSow than in those with low muscle mass, the latter effect
being around 40 — 60% the magnitude of the former two. One reason for this could be that
age-associated loss of muscle strength occurs at a faster rate than loss of muscle mass
(Goodpaster et al. 2006). A rapid loss of muscle strength can result in early onset of
functional impairments, physical inactivity and poor social engagement that could have a
larger impact on HRQoL. Contrary to our findings, a recent 3-year prospective study
suggested that muscle mass, not muscle strength, was significantly associated HRQoL
(Trombetti et al. 2016). However, this study was limited by its very small sample size (n=26)
and because QoL was assessed using only the physical components of SF-36 rather than the
combined physical and mental components. Indeed, physical components of SF-36 correlates
poorly with muscle strength and this measure alone may not be a suitable outcome measure
in musculoskeletal studies (Samuel et al. 2012). Consistent with our findings, several studies
have documented the clinical utility of muscle strength as a better predictor of health and
HRQoL in older adults (Cawthon et al. 2009; Samuel et al. 2012). This, combined with the
fact that low muscle mass did not affect the clinically meaningful decrease in HRQoL in

individuals with low muscle strength, suggest that muscle strength may be more important
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than muscle mass for HRQoL. Women with HGS_ow had a lower HRQoL over 10 years,
while no significant association was found in men. The reason for this observation is unclear,
nonetheless, this finding is consistent with prior studies which suggest that maintenance of
HGS appears to be more important in reducing detrimental health outcomes in women
compared to men (Arvandi et al. 2016). One possible explanation is that women generally
have a lower upper-limb muscle strength than men. For instance, in our sample, mean (SD)
baseline HGS for women was 10.0 (1.9) psi compared to14.1 (2.6) psi in men. Hence, any
loss of upper-limb strength in women is more likely to result in difficulty performing tasks
required to maintain function (Janssen et al. 2000). Potentially this contributes to an increased

likelihood of loss of independence and poorer HRQoL in women.

Participants with ALM/BMILow, LMSLow, and women with HGS_ow had lower scores on the
independent living component of HRQoL. This demonstrates the importance of preserving
muscle mass and strength in order to perform tasks associated with maintaining independent
living over a decade. A requirement for independent living in old age is the ability to perform
(instrumental) activities of daily living (ADL/IADL) with no difficulty (Tanimoto et al.
2012). In several studies, older adults with advanced muscle loss have had a reduced capacity
to perform ADLSs as well as an increased need for health support services and subsequent
institutionalisation (Hairi et al. 2010; Hirani et al. 2015; Tanimoto et al. 2012). Public health
initiatives that help older adults maintain muscle mass and strength will be important to

decrease dependency in later life.

Social relationship component of HRQoL was significantly lower only in individuals with
LMSLow, suggesting that lower extremity muscle strength could be important in maintaining
an interpersonal relationship with friends and family over the long-term. Contrary to our
findings in this community-dwelling population, previous cross-sectional studies among pre-
frail and frail older adults have reported no significant association between muscle strength

11



and social participation (Haider et al. 2016; Warren et al. 2016). It may be that poor lower
extremity muscle strength in independent living older adults could result in greater social
isolation than in frailer adults with complex medical conditions and are likely to receive to
health supports. This could occur via impairment in mobility, as a reduction in mobility is
associated with a decline in physical function (Satariano et al. 2012). Interestingly, physical
senses domain of HRQoL was lower in older adults with LMS_ ow and women with HGS ow
whereas no associations was observed for ALM/BMILow. Low muscle strength is not likely
to be a direct cause of poorer physical senses, rather it could lead to the development of some
chronic diseases which affect physical senses. Furthermore, low muscle strength may also be
a marker of pre-existing or current chronic conditions (such as diabetes) affecting physical

senses like visual function.

Interestingly, the psychological wellbeing component of HRQoL was lower in older adults
with ALM/BMILow, LMS ow, and women with HGSLow. This is consistent with prior
studies reporting poorer psychological health in older adults with low muscle mass and
strength, although the mechanism underlying the association between age-related muscle loss
and psychological wellbeing is not entirely clear (Alfaro-Acha et al. 2006; Chang et al. 2017;
Hsu et al. 2014; Manrique-Espinoza et al. 2017; Taekema et al. 2010). Potentially loss of
independent living skills associated with low muscle mass and strength could have physical
and emotional impacts on older adults, and could contribute to poorer psychological
wellbeing. For instance, a recent systematic review and meta-analysis of 15 observational
studies reported a significantly higher odds of depression in older adults with sarcopenia
(Chang et al. 2017). Muscle function may be related to psychological wellbeing because they
both have a central nervous system involvement and muscle weakness may be an early
indicator of age-related decline in central nervous system that is manifested in poor mental

health (Alfaro-Acha et al. 2006). Indeed, resistance exercises have been shown to lead to an
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improvement of, and prevention of decline in mental health, in addition to improvement in
muscle strength suggesting a link between the two processes(Chang et al. 2012; Katula et al.
2008). Further clinical studies incorporating brain morphology and neuroplasticity are
warranted to determine the physiological mechanisms through which low muscle mass and

strength may be related to poorer psychological wellbeing (Mavros et al. 2016).

The strengths of this study includes the 10-year follow-up period and the use of a population-
based sample which increases its generalizability. In addition, muscle mass was assessed
using DXA, a valid and accurate tool for assessing muscle mass. However, this study has a
number of limitations. Forty-six percent of the participants were lost to follow-up over 10
years. Such missing data is not unexpected in a long-term prospective study involving older
people. The participants lost to follow-up were older at baseline and they had poorer baseline
ALM, weaker HGS and LMS than those who completed the 10-year follow-up. Therefore,
the loss to follow-up could lead to an underestimation of the relationship between low
muscle mass/strength and HRQoL. Nevertheless, the missing data were accommodated in
the linear mixed effect models by using maximum likelihood estimation which estimates
means and intercept based on all available data. This minimize bias and increase power as
participants with missing follow-up data were retained in the analysis. Furthermore, handgrip
strength was measured using a pneumatic bulb dynamometer rather than hydraulic
dynamometer (e.g. Jamar), hence the strength cut-points indicating poorer HRQoL observed
in this study may be different for assessments derived from hydraulic dynamometers.
However, previous studies have found high concordance between the two methods (Ward
and Adams 2007). HRQoL was assessed using a generic questionnaire rather than a disease-
specific HRQoL measure such as the sarcopenia and quality of Life (SARQoL)
questionnaire. Unlike SARQoL, AQoL was not originally designed to assess the impact of

age-related loss of muscle mass and function, nonetheless, some of the items (for instance,
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difficulty with ADL, mobility and pain) assessed in SarQoL are also captured in AQoL.
AQoL is a commonly used tool specifically designed for the Australian population
demonstrating both validity and reproducibility (Hawthorne and Osborne 2005). Lastly, our
measure of chronic conditions as a potential confounder was a crude measure that did not
take into account disease severity. These simple questions have been validated for a number
of diseases and our approach of counting the number of chronic conditions has been used in

operational definitions of multi-morbidity (Fortin et al. 2017; Hussain et al. 2015).

In conclusion, lower-limb muscle strength and handgrip strength (in women only) were a
better predictor of HRQoL over 10 years compared to muscle mass. In this respect,
measuring muscle strength in clinical practice appears to be a promising approach to identify
older adults who are at risk of having a considerable decline in HRQoL as they age. As age-
related decline in muscle strength is amenable to interventions, resistance exercise training

aimed at improving muscle strength may have a beneficial impact on long term HRQoL.
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Table 1: Baseline characteristics of the participants stratified by ALM/BMI, lower-limb muscle strength, and handgrip strength categories (N=1002)

Variables ALM/BMI, kg/kg/m? Lower-limb muscle strength, kg Handgrip strength, psi
Normal (N=816) Low (N=186) Normal (N=803) Low (N=199) Normal (N=802) Low (N=200)

Age (years) 62.3+7.3 65.3+7.7 62.1+7.2 65.6£7.8 61.6+6.9 67.6x7.7
Female n (%) 416(51%) 95(52%) 407(51%) 104(52%) 409(51%) 102 (51%)
Weight (kilogram) 76.0£14.0 84.8+14.6 78.3+14.8 74.9+12.9 78.2+14.7 75.4+13.4
Height (centimetre) 168.2+8.6 162.1+8.8 167.6+9.0 165.0+8.6 167.5+8.9 165.3+9.0
Total body fat (kilogram) 26.5£7.7 34.919.1 28.1+£8.7 28.2+8.7 28.0£8.7 28.4+8.6
Energy intake (Kilo Joules/day) 7784.4+2870.1  7269.3+2681.8  7769.842794.4  7361.4+3010.5 7754.242594.1  7721.6+£2770.6
Physical activity (steps/day) 9087.3+3301.6  7043.1+3177.0 8915.3+3329.5  7870.8+3423.0 8941.9+3366.5  7769.3+3237.7
Smoking n (% yes) 404 (50%) 99 (53%) 405(51%) 98(49%) 411(51%) 92(46%)
Serum 25(0OH)D (nmol/L) 54.1+18.7 47.2+16.9 53.0+18.4 52.1+19.1 52.9+18.7 52.5+18.0
Hip pain (%) 311(38%) 89(48%) 315(40%) 85(43%) 313(39%) 87(44%)
Knee pain (%) 344(43%) 102(55%) 337(42%) 109(55%0) 338(43%) 108(54%0)
Foot pain (%) 278(34%) 92(49%) 271(34%) 99(50%) 275(35%0) 95(48%)
Number of chronic condition 1.3+1.3 2.0£1.6 1.3+1.2 1.9+1.6 1.3+1.3 1.8+1.5

Data are expressed as mean + standard deviation unless otherwise indicated;
ALM/BMI: Appendicular lean mass/body mass index; 25(OH)D: 25-hydroxy vitamin D3; psi: pounds per square inch. To convert psi to kilograms
(kg) per centimetre squared multiply by 0.07031.
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Table 2: Associations between baseline ALM/BMI, HGS, LMS status and health-related quality of life (HRQoL) over 10 years (N=818)

HRQoL score Component dimensions of HRQoL
(Overall health state Independent living Social relationships Physical senses Psychological
utility) wellbeing
ALM/BMILow —0.038(-0.068, —-0.008)  —0.018(-0.032, —0.003) ~0.012(-0.031, 0.007) —0.004(-0.017, 0.009) ~0.026(-0.041, —0.011)
LMSLow —0.061(-0.089, -0.033)  -0.024(-0.038, —0.010) -0.018(-0.036, —0.0003)  —0.016(-0.028, —0.003) -0.029(-0.044, -0.015)
HGSLow (Men)* ~0.023(-0.064,0.019)  —0.009(-0.027, 0.009) ~0.021(~0.049, 0.007) -0.007(-0.028, 0.013) ~0.006(-0.026, 0.014)
HGSLow (Women)”  —0.089(-0.129, -0.049)  —0.037(-0.058, —0.015) —0.020(-0.045, 0.005) -0.021(-0.037, —0.005) —0.038(-0.060, —0.017)

Negative scores indicate poorer health. “Sex interaction existed for HGS, therefore, the results is presented separately for men and women.
Analyses are adjusted for age, sex, physical activity, time to follow-up and number of chronic conditions. Data in bold indicates P<0.05.

Note: The HRQoL score ranges from 1.00 (full HRQoL) to 0.00 (death-equivalent health state) to —0.04 (health states worse than death). The minimal important
difference in HRQoL score (overall health state utility) for the Australian population is 0.06 [16].

ALM/BMILow: Sex specific lowest 20% of appendicular lean mass (ALM)/body mass index [BMI] (kg/ kg/m?); LMSLow: Sex specific lowest 20% of lower-
limb muscle strength (kg); HGSLow: Sex specific lowest 20% of handgrip strength (psi)
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